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A TRIBUTE. 

By Sir Kobert Robertson, K.B.E., M.A., F.R.S. 

Dr. Mellor, a ])ioneer in the Silicate liidustrieH and a man of unusual 
mental attrihutes, has passed away shortly after his retirement, though 
he was active in the revision of his literary work until the last. 

By his investigations, papers and advice as Direcitor of Research, 
he has greatly advanced the study and j)raet-iee of Oeraniics and 
es])ecia]ly of Refractories in this country. 

By his text-books, embodying personal experience of analytical 
methods, lie has placed in the hands of chemists works which are in 
daily use at th(‘ bench, and in his (Jomprehemive Treatise he has covered 
the whole field of Inorganic (Chemistry in a series of volumes that are a 
Tiionument to his industry, and a constant and valued source of informa- 
tion to chemists. 

The loss of this great ex])onent of Inorganic (diemistry will ))e deeply 
felt not only ))y those who enjoyed his personal friendship, but by that 
vast army of students and workers wdio will remain indebted to bis 
genius as a teacher and writer. 


July, 





PREFACE. 


In the preface to the first edition I explained that this book evolved from a 
special course of lectures on the Ceramic and Silicate Industries given about 
1910, but that as the work of compiling it developed, it was thought best to 
segregate the analytical part from the purely ceramic section. In course of 
time the former was published as the first edition of this treatise. 

In the first edition the book was divided into five parts. Some general 
analytical processes were described in Part I; the analysis of a typical 
silicate was discussed in Part IT; the methods to be adopted with more 
complex silicates — glazes, enamels, colours, etc. — were indicated in Part III; 
Part IV showed the modifications required when some of the more difficult, 
as well as some of the rarer, elements were present; while the last part — 
Part V — indicated the methods to be employed when acidic elements had 
to be determined; finally a chapter on the so-called ‘^rational analysis” 
concluded the volume. The general scheme of the work has been preserved 
in preparing this new edition. 

The methods for the analysis of a typical silicate detailed in Part II are 
based largely on the classic investigations of W. F. Hillebrand of the U.S. 
Geological Survey. These methods, although probably the most accurate, 
do not allow' analyses to be conducted with that speed required in certain 
industrial work, and accordingly I have purposely indicated the short-cuts 
available to those who have mastered the general methods. 

At the time of the publication of the first edition the descriptions of the 
more common analyses must have been verified at the bench by a vseore of 
different w'orkers; but since then a considerable amount of new knowledge 
has become available, particularly in regard to new reagents and quicker 
methods of analysis. An endeavour has been made to incorporate much of 
this in the new edition. 

There have been many urgent calls for a new edition and, at last, finding 
myself unable to prepare a new edition of this work, I was fortunate in being 
able to persuade Mr. H. V. Thompson, M.A., of the North Staffordshire 
Technical College, Stoke-on-Trent, to undertake the task. He has had an 
extensive experience in the subject and 1 very much admire the thoroughness 
with which he has overhauled the original work. 

Grateful acknowledgements must be made to Messrs C. D. Littler and 
A. J. Shorter, B.Sc., for the time and care they have given to reading the 
proofs. 

J. W. MELLOR. 

132 Highlands Heath, 

POKTSMOUTH ROAD, 

London, S.W. 15. 

May , 1938. 
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The Subdivisions of Analytical Chemistry. 

Qualitative and Quantitative Analysis. — The general purpose of analytical 
chemistry is to find the chemical nature of a given material. With simple 
substances this is comparatively easy, for the object of the analysis is easily 
attained by establishing the identity of the given substance with one whose 
properties are known. A simple inspection of the consistency, colour or smell 
may suffice; in other cases, the specific gravity, boiling-point or freezing-point 
may have to be determined; and finally, it may be jiecessary to prepare 
derivatives of the given substance, and com])arc their properties with those 
of known compounds. Thus arise the so-called tests of qualitative analysis. 
On the other hand, if the substance to be analysed be not simple, but is a more 
or less complex mixture of several simple substances, the analytical operations 
are more intricate, for the properties of the different components in the complex 
may be masked by the mere presence of the others so as to render identification 
almost impossible. In that case, the complex must be resolved into simpler 
substances which can be separately identified. 

Tf the purpose of the analysis be merely identification, the operations are 
said to be qualitative; while if the amount of one or more of the constituents 
has to be determined, the analysis becomes quantitative. There is a large 
number of manuals on qualitative analysis in which an elaborate general 
scheme — now many years old — is described for the identification of the con- 
stituents of the most complex inorganic mixtures. In many cases, this scheme 
is only of pedagogic interest, because, in practice, we generally have a good 
idea of the components of a mixture, and only the amounts of the more 
important of these are industrially important. Hence, although a qualitative 
analysis should precede the quantitative, yet numerous quantitative analyses 
are made without the preliminary examination, because the qualitative 
composition of the given substance is well enough known. On the other hand, 
W. F. Hillebrand has said that, in mineral and rock analyses, the custom of 
neglecting to make the preliminary qualitative tests is the prime cause of 
many gross errors. 

Gravimetric Analysis. — In gravimetric analysis, the several constituents are 
separated and weighed or, if they cannot be separated or if they are unsuited 
for weighing, they are converted into compounds of known composition which 
can be satisfactorily weighed. The several steps in the operation are: 

(1) A definite amount of the substance to be analysed is weighed, 

(2) The weighed sample is brought into solution. 

(3) The constituents to be determined are separated from the solution, one by one, 
in the form of definite insoluble compounds, either by precipitation or by electrolysis — 
dectro-analysia. 

(4) A compound so separated is freed from adherent liquids and solids by filtration 
and washing. 

xxi 
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(5) The compound is dried and ignited so as to convert it into a stable pure 
compound. 

(ti) The compound is weighed. 

(7) The amount of the substancje to be determined is computed by known arith- 
metical processes from the weight of the ignited com|K)und. 

Volumetric Analysis. — In volumetric analysis, the quantity of a constituent 
in a given solution is determined by adding a sufficient volume of a standard 
solution — containing a known amount of a selected reagent — to produce a 
definite “complete” reaction. The number of operations involved in a 
gravimetric analysis is here much curtailed; as a rule, no filtration or washing 
is needed; nor is any weighing required after the sample has been brought 
into solution. The operations are: 

(1) A definite quantity of the substance to be analysed is weighed. 

(2) The weighed sample is brought into solution. 

(3) The standard solution of the selected reagent is added until the whoh^ of the 
substance to be determined has been convertc'd into a definite compound. Tlie com- 
pletion of the reaction is indicated by a change in the colour of the solution, frequently 
tinted with a selected dye called the indicator. 

(4) The quantity of the standard solution required to complete the react ion enables 
the amount of the substance und(‘r investigation to be computed by known arithmetical 
processes. 

Gasometric Methods of Analysis. — If the substance being analysed gives ofl' 
a gas when it is treated with a selected reagent, such that the volume of gas 
liberated bears a definite relation to the amount of the constituent in question, 
the measurement of the volume of the liberated gas, or a determination of the 
loss of weight which occurs when the gas is all expelled, enablcvS the amount 
of the constituent to be computed by arithmetics 

Physical Methods of Analysis. — There are several so-called physical methods 
of analysis in which the variation of some proj)erty — say, specific gravity — is 
proportional to the amount of the substance under investigation which is 
present in a given mixture. A determination of that })roj)erty enables the 
amount of the substance to be computed. In colorimetry, for instance, the sub- 
stance under investigation can be made to produce a coloured solution such 
that the intensity of the colour varies witli the concentration. A comparison 
of the tint of a known volume of the solution with that of another solution 
containing a known quantity of the same substance as that under investigation, 
enables the amount of the given constituent to be computed by simple arith- 
metic. In turbidimetry, instead of comparing the colours, the degree of 
opacity of the two solutions is compared. This process is of limited application 
and is only possible when the solution under investigation can furnish a fine- 
grained solid precipitate which settles very slowly. 


The Birth of Analytical Chemistry. 

The chemists of the phlogiston period, e.g. Basil Valentine, 0. Tachenius, 
F. Hoffmann, A. S. Marggraf and C. W. Scheele,^ made a large number of 


1 B. Valentine, Chymische i:}chriften, Leipzig, 1769; O. Tachenius, Hippocrates Chemicus, 
qui novissimi satis antiquissima fuTidamenta ostendit, Venetiis, 1666 (English trans., London, 
1677); F. Hoffmann, I)e Meihodo Examinandi Aquas. Salubres, Leyden, 1708; A. 8. Marggraf, 
Chymische Schriften, Berlin, 1761-7 — “Method of reducing silver chloride without loss,” 
1749; “Chemical examination of water,” 1764; C. W. Scheelo, Opuscula Chemica et Fhysica, 
Lipsise, 1788-9. 
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isolated observations which enabled many inorganic substances to be dis- 
tinguished from one another. Robert Boyle, ^ about 1661, styled the process 
of identification an analysis. About a century later, Bergman ^ compiled and 
arranged the different tests in a systematic and methodical way and thus laid 
a foundation upon which Berzelius and Rose ^ built a system of qualitative 
analysis which has persisted with remarkably few changes up to the present 
day. 

The earliest writings on metallurgy show that from remote antiquity metals 
have been extracted by heating their ores wuth appropriate fluxes and there 
can })e little doubt that laboratory methods for the dry or fire assay ^ of ores 
were modelled upon metallurgical operations conducted upon a large scale. 
For instance, the so-called Cornish process for the assay of copper ^ is conducted 
on very much the same lines as that which has been employed for the extraction 
of copper from its ores for thousands of years and the origin of the method of 
sef)arating silver from lead by cupellation cannot be traced, because it is 
alluded to by early writers,® e.g. Diodorus, Strabo, Suetonius, Pliny, as an old 
and familiar process. 

Bergman's Work. — T. Bergman’s brochure upon ‘'Hhe analysis of minerals 
in the wet way” w’as published in 1780. In this important essay, Bergman 
pointed out the existence of errors in dry or fire assaying processes due to such 
causes as the incomplete attack of the minerals by the fluxes and to the 
retention of some of the metal })y the slag, and he advocated several wet 
))rocesses in preference to the dry methods of analysis then in vogue. 
Bergtnan ® showed that the amount of a substance in solution was best deter- 
mined by converting it into a definite compound of known composition and 
subsequently deducing the amount of the desired constituent from the weight 

^ K. JioyJe, The Sceptical Vhy misty Oxford, 166 J ; Experiments and Observations upon 
Colours, London, J663. 

^ T. Berirnian, Opusciila Pht/sica ct (-hemica {J)r Mineraritm Oocimasid Ilumidd), llolmi®, 
J780. . * 

^ J. J. Berz(‘lius, l)c V Analyse des Corps inoryaniques, Paris, 1827; 11. Rose, Handbuch 
(ler analytise hen (Eemie, Berlin, 1829. 

The term assayim/ is applied more or less va^u<‘Iy to methods of eheraieal analysis which 
are confined to th(i determination of the commercially important constituents in given 
materials. Thus, processes for the assay of vegetable products, drugs, ores and alloys, 
are described in current literature. The assay of ores, alloys and related products can be 
conducted by treating the material under investigation witli suitable solvents so as to get 
the desired metal into a solution from which it can be subsequently precipitated — tve.t or 
solution proeessesx or the given material may be fused with a suitabh' flux so that the desired 
substance is reduced to tlie corresponding metal, which coll(‘ets as a button at the bottom 
of the crucible and the associated substances can be separattjd in the form of a fusihh‘ slag — 
dry or fire processes. 

M. L. Moissenet, Ann. Mines, (5), 13, 183, 1858. 

* Thus, in the second century u.c., Agatharchidas of Cnidos described the method used 
by the Egyptians for purifying gold and this resembles the cupellation process for separating 
silver and lead, 0. 8. Pliny, Naiuralis Historia:, V'enetiis, 33, 44, 1472; 34, 48, 1472; G. 
Agricola, J>e. He MetaUica, Basilia*, 1546 (English trans., London, 1913); A, Libavius, Ars 
probandi Mineralia, Francofnrti, 1597; A. Libavius, l)e Jvdicio Aquarum. Mineralium; 
Francofurti, 1597. The two last-named essays are usually stated to be the first books specially 
devoted to the analysis of minerals. The first-named is considered to be largely compiled from 
Agricola’s book. See also G. Chosneau, Revue scientifique, (5), 3, 321, 357, i905. 

’ A, P. T. Paracelsus (Opera Omnia Medico-Chemko-Chirurgka, Geneva, 1658) is generally 
credited with having first described an analysis in the wet way. To analyse an alloy of gold 
and silver, Paracelsus treated the sample with nitric acid — aepm fortls — which dissolves the 
silver and leaves the gold behind in the form of an insoluble black powder. He then pre- 
cipitated the silver by inserting a plate of copper in the solution. The copper is at the same 
time vigorously attacked by the free acid. 

® T. Bergman, Opuscula Physica et Cheniica (De Mineraritm Docimasid Humidd), Holmise, 
349, 399, 1780. 
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of the compound so prepared.^ Thus lime was weighed as oxalate or sulphate; 
lead as sulphate or sulphide; sulphuric acid as barium sulphate; silver as 
chloride although, previous to this, Marggraf ^ had determined the amount of 
silver in alloys by separating the silver as an insoluble chloride. Bergman 
recognised that “the sum of the weights of each of the constituents in an 
analysis should be equal to the weight of the mineral analysed, allowing for a 
certain loss during the manipulations/’ and his analysis of a sample of pure 
gypsum is singularly good, e.g . : 

Vitriolic acid. Calcareous earth. Water. 

Bergman’s analysis . 40 32 22 per coni. 

Sulphur trioxide, SO3. Lime, CaO. Water, IJ2O. 

Modem analysis . . 46-5 32*5 21*0 jx^r cent. 

Bergman also introduced the method of decomposing silicates by fusion with 
alkali carbonates, and his little treatise, De Minerarum Docimasid Humidd, 
is thus considered to have inaugurated a new era in analytical practice. It is 
interesting to note that Bergman felt the great need for a suitable vessel for 
opening-up his jiiinerals by fusion. He used iron dishes and also Hessian 
crucibles, but he recognised their imperfections. He tried to make platinum 
crucibles but succeeded in making only little ones, too small for his ])urpose. 
The difficulty in melting the platinum restricted his efforts, so that he could 
only say : “If they can ever be obtained of proper size, they will be in all res})ects 
the best.” To-day we should not like to contemplate working without them. 

KlajnotK s and Vauq^ielhi's Work , — The next advances were made by 
Klaproth ^ and by Vauquelin.^ These workers introduced many improve- 
ments in technique and analysed many minerals. Klaproth, for instance, 
ignited his precipitates before they were weighed in cases where the ignition 
was not attended by decomposition. Quantitative analysis was greatly 
stimulated by the need for separating the different constitueiits of the minerals 
from one another during the many investigations on the composition of 
minerals made al)out that time. As Klaproth expressed it: “Nature, in- 
exhaustible in her riches, has intended to keep in activity the ardour of the 
naturalist in the examination of mineral substances.” As early as 1808, we 
can recognise the beginnings of the present-day method of conducting silicate 
analyses in John’s book,® which summarised the labours of Bergman, Marggraf, 
Klaproth and Vauquelin. 

Berzelius^ Work . — About 1827, Berzelius ® took up the work, and consider- 
ably advanced the art by devising a number of new methods for the determina- 
tion and sej)aration of many elements and testing those then in use ; Berzelius 
also introduced a number of improved methods in manipulation: e.g., the 
hydrofluoric acid process for decomposing silicates; the separation of precipi- 
tates by filtration through “filter-paper,” followed by subsequent ignition; 
and, by using small quantities of the material to be analysed, he reduced the 
errors of manipulation, because small precipitates are more readily cleaned 
than large ones. Berzelius’ pupils, F. Wohler and H. Rose, worked up the 

^ In 1755, J. Black (Experiments on Magnema Alba, QuickTime, and other Alcaline Sub^> 
stances, Edinburgh, 1777; Alembic Club Reprints, No. 1, 16, 1893) determined the amount of 
calcined magnesia in a solution by the addition of sodium carbonate and weighing the 
resulting precipitate. 

® A. S. Marggraf, Mem. Akad. Wiss. Berlin, 16, 1749. 

® M. H. Klaproth, Beiirdge zur chemischen Kenntniss der Mineralkorper, Freiberg, 1795. 

* L. N, Vauquelin, Scherer's Journ., 3, 410, 1709. 

® J. F. John, Chemische Laboratorimn, Berlin, 181, 1808. 

* J, J. Berzelius, De V Analyse des Corps inorganiques, Paris, 1827. 
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experience of their teacher with their own in two books : H. Rose/s Handhuch 
der analytischen Chemie, Berlin, 1829, and F. Wohler’s Praktisohe Uebungen in 
der chemischen Analyse^ Gottingen, 1853. The later editions of these books 
are consulted even to-day. About this time also appeared the first edition 
of Fresenius’ famous book (1846), and this was followed by the founding of 
the Zeifsch rift far analytischen Chemie in 1862. Thus the modern practice of 
the art is linked with that of its founders. 


Some Uses of Analytical Chemistry. 

The information which the analysis is expected to give, as indicated on 
pages 239-10, determines the method by which it is to be conducted. The 
information required may })e purely of scientific interest, or it may be essentially 
practical. The utility of analyses for purely scientific purposes need not be 
here scrutinised. It would be easy to quote many examples where analysis 
has thrown a new light on the aspect of chemistry.^ Analysis is an indispen- 
sable auxiliary to the mineralogist for, as 0. Jl. Fresenius (1875) has said, it 
teaches him the true nature of minerals and suggests to him princi])les and rules 
for their recognition and classification. H. S. Washington (1903),'^ too, says 
that analyses are no longer ornamental adjuncts, but essential parts of most 
petrological publications, on which most of the discussion hangs and from 
which the most important conclusions are drawn. 

Jn industrial work, the purpose is essentially utilitarian, for the analysis 
is generally direc^ted to finding the com])Osition of (commercial materials and to 
answering such questions as: (1) Does the material to be purchased correspond 
with the seller’s description? (2) Is the material suitable for the purpose for 
which it is needed? (3) Is the material really worth the quoted price? 

The Real Vahie of Rough Working Tests, — The practical potter usually tries 
how a small sample of the material to be purchased behaves in his oven and, 
if it satisfies that test, he accepts the bulk, believing with blind faith that all 
is right. It does not need the suhtilis diabolus, referred to on page 110, to 
dc^ceive him for, when it is worth while, it is comparatively easy to devise 
adulterations for most potter’s nnaterials which will make satisfactory trials. 
Although this simple test, invaluable in its way, may show (1) whether or not 
any deleterious impurity is present, or (2) whether the material is or is not 
capable of doing the work for which it is intended, yet {a) it gives no informa- 
tion as to the presence or absence of inert admixtures; otherwise expressed, 
it does not say whether the material offered for purchase really corresponds 
with the seller’s description; and (b) it gives no idea whether the material 
is really worth the price asked. 

Impurities in the Raw Materials,— An intimation to the vendor that the 
material may be tested is not sufficient security for the buyer. We are told that 
‘'of the samples of materials offered to a Government Department, approxi- 
mately forty per cent, are either adulterated or of very inferior quality.” 
Price IS no criterion of the (quality, for it is said that the most inferior samples 
were sometimes quoted at the highest prices. In such cases, analyses and 

1 The work of C. F. Wenzel (1777) and of J. B. Richter (1791-1802) on chemical equi- 
valents; the work of H. Cavendish (1784) on the composition of water; of C. W. ScheeJe 
(1779) on the composition of air; and the 1800-1808 controversy between C. L. Berthollet 
and J. L. l^oust on chemical combination, illustrate the debt chemical theory owes to 
analytical practice. 

® C. R, Fresenius, Quantitutive Chemical Analysis^ London, i, 4, 1876. 

* H. 8. Washington, Prof, Paper U,8, Geol, Sur., 14, 13, 1903. 
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tests are the purchaser's only safeguard and the cost of the analysis in large 
deals may be recompensed a thousandfold. 

Four samples of tin oxide from four different firms were submitted for analysis. 
The cheTuist reported that three of the samples were very nearly t he same and contained 
approximately 99-5 per cent, of stannic oxide, but the fourth sample contaiiuHl 5 per cent, 
of “combined water ” and O-Oo per cent, of tungstic oxide as impurity. The potter’s 
trials, however, showed that the cheapest and least pure sample gave the rich(‘st opaciue 
glaze ! The first three samples were approximately £228 per ton and the fourth sample 
£222 p(?r ton. The potter subsequently obtained a rc‘bate on account of the 5 per cent, 
of combined water, so that, wliile the effective tin oxide in the first three samples cost 
£229*1 5 per ton, in the fourth sample it cost £224 per ton. Incidentally he learned 
that he might be able to do \^'ith rather less stannic oxide than he had previously used 
\A‘hen tin oxide was cheaper. 

The Adulteration of Raw Materials. — So long as human nature is what it is, 
so long will adulteration be carried on with a view of making large profits and 
of cheating the purchaser into paying too high a price for his materials. Caveat 
emptor — let the buyer beware. A glance through the records of any testing 
laboratory shows that successful adulteration is one of the fine arts. Certifi- 
cates of analysis of samples selected by the vendor are commonly presented 
as if some mysterious virtue resided in a material with such a certificate 
appended. The sainj)le placed in tlie analyst\s hands may or may not represent 
the material sold by the dealer. The onus of proof that the certificate really 
represents the materials received by the ])urchaser rests with the vendor 
(see page llU). The preceding example — tin oxide — was not a case of 
deliberate adulteration. The next case is not so clear. 

A traveller offered a sample. A, of white lead at £28 per ton (5 per cent. mt>isture); 
another traveller offered anothcT sample, B, at £25 per ton (5 per cent, moisturt*)* 
The cheaper sample gave the better-looking frit when fiisexl with a given proportion of 
ground flint in a biscuit cup in the usual way. Analysis showed that the cheaper 
sample B contained ()9 () ]kt cent, of l^bC) and 15 per cent , of barium carbonat(‘, whereas 
the dearer sample A contained 81*0 per cent, of PbO and no barium carbonate. Ground 
witherite (94-90 per cent, BaCJOa) was then worth about £10 per ton. The effective 
PbO in sample A would cost £34*31 pcT ton, and in sample B. £30*23 ]:)er ton. Hence, 
the dearer sample is the cheaper. The imj)roved colour of the frit from th(» cheaper 
sampler B was due to a known st^condary effect of th(‘ barium salt which is of no signifi- 
(tance when the material is used in bulk. 

Standardising the Products of a Factory. — Analysis also furnishes a valuable 
means of keeping the finished products of a factory up to standard, Suppose 
that the body and glaze be analysed when everything is at its best, and the 
results be kept as standards. The standards are then very convenient for 
reference when substituting fresh clays or other raw materials, in order that 
the type of the new body may be kept as nearly as possible like the old one, 
thus lessening the risk of complications, e.g. with the glaze. In many cases, 
too, the cause of those perplexing faults which sometimes crop up, and which 
are usually attributed to the miller or to wrong mixtures, can be unerringly 
located and promptly rectified by a comparison of the analysis of the defective 
body or glaze with the standard. 

A fresh batch of glaze turned out higlily unsatisfactory. The glaze-mixer affirmed 
that he had mixed the glaze precisely as he had always done before and it was found 
that the defective glaze had received no different treatment from that regularly used 
on the works. The miller was accordingly blamed for the fault. He sent a sample of 
the defective glaze along with a sample of good glaze from the previous mixing for 
analysis. The analyst reported that the good glaze contained the equivalent of 
24*5 per cent, of lead oxide, PbO, and the bad glaze but 5*5 per cent. The proportions of 
the other main constituents were the same in both glazes. The fault was obviously due 
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to a wrong mixing, in spite of affirmations to the contrary. When the proper proportion 
of white lead, computed from the analysis, was added to the defective glaze, it proved 
quite satisfactory. 

The Imitation of Commercial Products. — In the Sturm und Drang of com- 
mercial warfare, it is not only necessary for a firm to test its own materials 
and products, but the ‘‘Intelligence Department ’’ must also keep a watchful 
eye on the products of rival manufacturers. 

A manufacturer has for years been supplying the trade with, say, an opaque glaze 
made from an old recipes — a legacy from the founder of the firm. For perhaps half a 
('cntury there has been no change in quality for better or for worse, and the old recipe 
is the real master of the works. The traveller reports that he is seriously menaced by 
the su(;cess of a foreign glaze which is considerably better than his own and quite as 
cheap. Faith in the long-cherished recipe is shattered. After much worry and expense, 
trial and failure, the manufacturer is inclined to give up ignominiously beaten. As a 
last resource, he sends a sample of the foreign glaze to the expert analyst, requesting a 
recipe. The chemist recognises that it is not much use trying to reproduce the unknown 
glaze until he knows its compf)sition. Guided by the analysis, it is comparatively easy 
to make a successful imitation of the competing glaze. There is no groping in the dark; 
success is not accidental and fortuitous, but the logical result of methodical work. 

This may seem rather a low estimate of the function of an analyst, because 
a properly equipped staff* would not be satisfied with its own old recipes. 
There would be no standing still. A firm would not wait until its position on 
the market was jeopardised or tnade untenable by a rival, but it would be 
continually experimenting not directly to imitate its competitors, but rather 
to beat its own products year by year. 

Some Limitations of Analytical Chemistry. 

How to Treat the Analyst. — Some have an extraordinary notion of the 
resources of analytical (chemistry and inquiries are made for all manner of 
impossible things. A bottle containing about 100 c.c. of water was sent for 
analysis and the contents smelt strongly of a patent medicine! The subject of 
sampling is so important that a special chapter has been dev'oted to it — pages 
110 to 122. When sending materials to the analyst, some consider it best to 
keep back information concerning the nature and origin of the sam])le so as to 
prevent a biassed report. The general effect of this procedure is to render the 
analyst's task more difficult and costly and to hamper his usefulness. Owing 
to the nee^l for completing the analysis in a reasonable time and at a specified 
fee, an exhaustive search for every conceivable constituent is seldom made. 
An analyst working under normal conditions would certainly be excused if a 
clay with an abnormal amount of lithia were reported with soda in place of 
the lithia.^ An example is indicated on page 123. This recalls the fact that 

^ In this ounneotion it is interesting to note that C. F. Plattner (Fof/f/. Ann., 69, 443, 1846) 
was not able to make his analysis of the mineral pollux {from Elba) add up to 100 cent., 
and ho sought in vain for the missing element. After K. Bunsen and G. Kirchhoff (I860) had 
discov'cred caisium, F. Pisiani {Compt. rend., 58, 714, 1864) showed that Plattner had mis- 
taken caesium (atomic weight 132-9) for pota.ssium (atomic weight 39*1). By making the 
corresponding correction, l^lattncr’s analy8i.s was found to be quite satisfactory. To make 
this quite clear, assume that o grams of a compound, supposed to be pota8.sium chloride, 
arc obtained. This will be multiplied by 0*632 to get the equivalent amount, 3*16 grams, of 
KjO; but if the compound be CsCl, not KCl, then the weight must be multiplied by 0*837 
to get the eorn^sponding amount, 4*18 grams, of Cs^O. The analysis would thus appear to 
be 4*18 less 3*16, that is 1*02 grams, too low if the 5 grams of caesium chloride were mistaken 
for potassium chloride. This is a remarkable tribute to the accuracy of Plattner’s analysis 
(J. W. Mollor, CompreMnsive Treatise on Inorganic and Physical Chemistry^ London, 2, 427, 
1922). Lithium has a smaller atomic weight than sodium and accordingly, if much lithium 
is assumed to be sodium, the analysis will total too high. 
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the presence of arsenic in beer was not suspected until the 1900 epidemic of 
arsenical ])oisoning. Consequently, if the amount of any unusual constituent 
is desired, this should be specified. 

The Fallibility of the Analyst. — Perha})s something of the feeling of awe and 
wonder which prevailed in the minds of the vulgar towards the alchemists of 
old survives to-day in the popular concept of the analytical chemist. Many 
apj)arently take it for granted that he is gifted with keener and more occult 
powers than his fellows. As a matter of fact, no one should be more conscious 
of his own limitations than the analyst himself, for he is continually humiliated 
and shamed by the fallibility of his owm tests and by the resulting instability of 
his opinions. Analyses have been published which emphasise in a remark- 
able way how men excej)tionally expert in one field of analysis fail ludicrously 
in an unfamiliar field. On one occasion, a report on china clay by an excellent 
county analyst ‘'went the rounds.’^ The report had a highly improbable 
number for the amount of alkali in the clay and stated that the alkalies were 
rather low, but the defect could be remedied by the addition of soda! In 
some cases, it is difficult to believe that the “re])uted’’ analyses have been 
obtained other than by a process of guessing.^ 

Not infrequently a manufacturer has sent out samples to different chemists 
and had different results returned. He may have asked for explanations and 
decided in future to avoid the chemists as much as possible, concluding, as one 
exprOiSsed it, that “chemists arc bluffers. Unless two chemists are able to 
analyse the same sample with results accej)table to both buyer and seller, it is 
difficult to see what other conclusion the commercial man can draw. The 
utility of analyses in some of the industries has been discredited by ignorant, 
slovenly work which would be ludicrous were it not so pathetic. Faulty 
analyses have been discussed in several parts of this book^"* — e.g., 

245, 387, 690, and 772. What H. S. Washington (1903)^ has said of rock 
analyses in general applies even more emphatically to some published work 
on clays: 

There is a tendency to place implicit confidence in the results of analytical work — to 
accept readily whatever figures the analyst may furnish, with scarcely ever an attempt 
at a critical estimate of the worth of the analysis. It seems to be taken for granted that 
the analyst, like the proverbial king, can do no wrong. This applies not to the personal 
good faith of the analyst, but to the analyi:ical processes which, possibly because they 
belong to one of the exact sciences, are for the most part tacitly assumed to be infallible. 
In few cases does there seem to be any recognition of the difficulties and uncertainties 
of analytical work. 

The Fallibility of the Analysis . — Analytical operations are not performed 
with an automatic instrument which gives the composition of a substance with 

^ J. Thoyst, Des Fraude^ dnns len Fssais contradicioires de Fer, Paris, 1888. 

® It was pointed out in 2^he Laboratory (i, 334, 1867) that one source of the difficuilty is 
due to the imperfect training of some who have started as professionals and who have to 
struggle for a living against comj)etent men. By delivering lectures, judicious advertising, 
correspondence schools and book compiling on every possible occasion “Professor Saisrien’* 
can depend on the public taking him at his word. He can “perform” analyses of every kind 
for a few shillings ; the public blames chemists generally and the chemist gets all the discredit 
which may ensue w'hen “Professor Saisrien” is employed. 

® A discussion on the presence of titanic oxide in fireclays can be cited as an illustration 
of the value to be attached to some brick analyses, even by some who say they have analysed 
“ hundreds of bricks,” but who have apparently not troubled to find what metht>ds are used 
by those who have specialised in producing accurate results. — ^A. R. Myhill, Gas World, 58 , 
299, 364, 1913; F. Harvey, ib., 58 , 323, 433, 1913; K. C. Orr, 58 , 365, 1913; Anon., ib., 58 , 
402, 1913. 

* H. S. Washington, Prof. Paper U.8. Oeol, Sur., 24 , 14, 1903. 
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machine-like precision. The presence or absence of each constituent has to be 
established by special tests and the amount determined by a number of opera- 
tions, each of which introduces a small error into the final result. The limits 
of error in the more frequently conducted operations are fairly well known and, 
to those familiar with that type of work, the precautions needed to reduce the 
errors to a minimum are a part of their routine practice. With those sub- 
stances which are not analysed so frequently, the errors are probably somewhat 
f^reater, for the disturbing factors are not so well known. At best, however, 
few analytical o])erations are altogether free from error and vexation of spirit, 
and the work is done more or less blindly, quite in ignorance of the why and 
the wherefore. 

Standard Methods of A dialysis. - When different chemists present conflicting 
results, discord is sure to arise in settlements between buyers and s(‘llers and in 
the control of works processes. As a result, many corj)orate bodies have been 
driven to insist on the use of certain uniform methods of analysis in testing the 
materials in which they are interested. Tlie idea has been taken U]) seriously 
by a number of chemical societies, and there is now quite a number of so-called 
“Official or Standard Methods of Analysis” for particular substances — e.g, 
fertilisers and food-stuffs {vide page 246). The idea is to secure concordant 
analyses, to reduce errors to a minimum and to place commercial analytical 
pracjtice on a higher plane. The proj)osed methods are not fixed for all time, 
but are revised ])eriodically so as to substitute improved methods when such 
are available. 

Standardised Samples. — In 1905, the American Foundryman’s Association 
prepared with great care a set of .samples of iron, had them analysed by three or 
four chemists of recognised ability and sold portions as “standardised sami>les” 
at a reasonable price. The idea has since been further elaborated by the 
Bureau of Standards, Washington, U.S.A., and other bodies from wliich 
“standardised samples” wdth detailed certificates of analysis can be obtained. 
The work has up to the present been largely restricted to alloys and ores of 
various kinds. ^ Some of the uses of standardised samples are as follows : 

(1) An analyst unfamiliar with a particular analytic^al process can practise with the 
analysed sample.^ until ho is perfected. The standardised samples also furnish useful 
('hecks for advanced students of quantitative analysis. 

(2) The applicability and accuracy of a new or ‘"improved’’ method of analysis can 
be deterniined with comparatively little effort by working with standardised samples. 

(3) In cases of disputed results, owing to the use of faulty methcxls of analysis by 
one of the chemists, both parties can analyse a standardised sample and find who is at 
fault before the case comes into court. This seems more satisftKitory than submitting 
tlie original sample to a third party as umpire^ because the umpire may be no more 
capable than the contending analysts. 

The Evolution of Modern Analytical Practice. 

How Analytical Processes have Grown. — A compariwson of the classical text- 
books of H. Rose (1829), C. F. Raramelsberg (1845), C. R. Freseiiius (1841-6), 

C. F. Mohr (1855), and L. E. Rivot (1861-6) with those published in more 
recent years shows that the development of the art has been painfully slow. 
Many, perhaps most, of the standard processes are purely empirical or rule-of- 
thumb. The original methods devised by the fathers of analytical chemistry 
gave more or less approximate results; with increasing experience, these 
processes were modified — now here, now there — until methods were evolved 

1 U. 8 . Bur. Standards Circulars, No«. as, a6 and 40; W. F, Hillebrand, Journ. hid. Eng. 
Chem., 1, 41, 1909; W. C. Ebaugh, ib., i, 63, 1909; L. C. Jones, ib., i, 269, 1909; W. 

D. Richardson, ib., x, 5, 1909. 
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which would furnish results accurate within the limits of experimental error 
tolerated in practice. No entirely satisfactory method has as yet been evolved 
for the complete analysis of a mixture of the rare earths; while the 
elaboration of the regular methods for the determination of phosphorus, 
magnesia, sulphur and potassium, the chromate process for the separation of 
barium and strontium, the sulphide processes for the separation of antimony 
and tin, and for the separation of zinc, and the well-known basic acetate 
process, all bear eloquent testimony to tlie adventitious and empirical way 
the art has developed. Much work has been directed to develojhng speed 
without sacriticing accuracy, and towards determining one or two constituent s 
in a mixture and ignoring the others. Hence, some industrial routine processes 
liave been abridged (mechanicalised) into a rigid code of instructions such 
that boys or girls — “testers,"’ as they are called — of no special education or 
])reparation, can be taught in a short time to perform the necessary operations 
and get good results. 

The Substitution of Neiv Processes?.— Owing to the curious evolution of the 
processes used in analytical chemistry, analysts are reasonably reluctant in 
introducing new methods. It is not Avise to substitute comparatively untried 
processes — however promising they may appear — without very careful con- 
sideration. The dread of incorporatiiig unknown errors in our work begets 
caution, 

And makes us rather bear those ills we have 

Than fly to others that we know not of. 

In an old, long-tried process, the disturbing factors and the precautions 
necessary for accurate work are fairly Avell known, whereas wdth a novel pro- 
cess much ha.s to be learned in humouring its little idiosyncrasies in order that 
it may give the best results. In spite of this conservatism, a number of new 
j^rocesses have been introduced in recent years and inany of them have won, 
or are Avinning, their way into general practice. A noticeable feature of 
modern analytical work is the increasing use which is being made of organic* 
reagents such as a-nitroso-j8-naphthol, dimethylglyoxime, a-benzoin oxime, 
“cupferron,” 8-hydroxyquinoline, diphenylcarbazide and thioglycollic acid.^ 
Many separations can be expedited by some of the neAA^er methods, Avhich are 
accordingly often recommended in preference to the older processes. 

I'he Variety and Diversity of the Worh in the Silicate Industries. — The 
methods of analysis for clays and related silicates arc fairly general and need 
little or no modification from sample to sample; it has therefore been possible 
to giA-e a detailed scheme for their analy.sis in Part II, and this is used as a 
standard of reference for the remainder of the book. The case is very different 
with glazes and enamels, for it is not often that two consecutive analyses can be 
conducted by exactly the same method; the change in method from sample to 
sample is still more pronounced in dealing with colours. Some of the materials 
submitted for analysis involve extremely difficult separations and a special 
method must be devised to suit each case. Sometimes, too, the report of the 
analysis has to be accompanied by a working recipe and, with the more delicate 
colours, this is a severe test of the accuracy of the work. One month, for 
example, an enamel containing arsenic, antimony, tin and fluorine was followed 
by a black colour containing iron, chromium, manganese, cobalt and zinc; 
and this, in turn, by a pink colour containing gold, silver, tin and lead. In 

^ H. Grisollet and M. Servigne, Ann. Chim. anal. Chitn. appl.^ 12, 321, 1930; J. Grant, 
Ind. Chem.t 7 , 197, 227, 1931; Hopkins and Williams, Organic Jteagentsfor Meiah, London, 
1934; F. Feigl, Ind. Eng. Chem. Anal. Ed., 8 , 401, 1936. 
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each case, these eilements were accompanied by the ubiquitous silica, alumina, 
alkalies and alkaline earths and, in three cases, by boric oxide. There was 
also an inquiry for an examination of a faulty oleaf^inous platinum lustre for 
elements of the platinum group other than platinum. 

Unfamiliar Operations, — Although the proportion of analyses of complex 
mixtures of the kind just indicated to analyses of clays, bricks and related 
materials, which are required from a ceramic-testing laboratory, is relatively 
low, yet it would be a mistake to cut down the directions for the analysis 
of the less frequently occurring substances because of their rarity. On the 
contrary, fuller minutise are then required i)ecause, the less familiar the road, 
the greater the need for guide-yjosts and danger signals and the greater the 
probability of “ accidental errors.” So many cases have arisen where schemes 
for the analysis of unfamiliar mixtures are not included among those given as 
types ill text-books on quantitative analysis, that inuch time must have been 
wasted in devising feasible j>rocess 63 s, even when a good library was available. 
It is quite imyjracticable to describe methods suited to every possible or likely 
case which might be required in y)ractice; nor did it seem to us so expedient 
to give detailed schemes for a few mixtures as to lake an imaginary mixture, 
more comj)lex than would obtain in yjractice, and indicate the short-cuts to 
be made, when tlie qualitative analysis shows that the conditions are favour- 
able. It is thus Jiearly always y)ossible to curtail the general schemes — l)ages 
327, 413, 572 — to suit ];)articular cases, of course bearing in mind the hints 
given on ])age 277. 

The Theory of Analytical Operations, — The technique of analytical chemistry 
has been worked out without much aid from theory, for the classical text-books 
have merely elaborated details of manij)u}ation necessary for exact results. In 
1894, AV, Ostwald demonstrated the imy>ortant bearing which the theories of 
physical chemistry have upon the y)ractice of analytical chemistry. Opinions 
may differ very much as to the function of the ionic hypothesis in analytical 
chemistry,^ and whether anything is really gained by describing the facts of 
an essentially practical art in the language of a very hypothetical doctrine. 
Excluding this hypothesis, perhaps the most important ideas derived from 
physical chemistry which have tempered analytical operations are: (1) The 
theory of adsorption (pages 86, 160, 691, etc.). It seems to be impossible 
to wash a precipitate perfectly free from adsorbed liquids or solids, although 
it is usually possible to make the error so introduced negligibly small. (2) The 
laws of the colloidal state of matter (pages 84, 152, 274, etc.). When an “in- 
soluble” ])recipitate separates from a solution in the absence of dissolved 
electrolytes, it is frequently in the colloidal condition, and it cannot then be 
isolated by filtration and 'washing. An electrolyte must be added in order to 
get the substance in a condition suited for treatment. (3) The theory of in- 
conijdete reactions (pages 162, 271, etc.). The reactions which result in pre- 
cipitation and neutralisation are not usually complete. Instead of running 
to an end, the system takes up a state of equilibrium between the initial (or 
solution) stage and the final (or precipitate) stage, and a certain amount of 
the element under investigation escapes precipitation. Perfect separations 
by precipitation are not therefore possible and consequently it is desirable to 
study each process with the object of finding the conditions necessary to make 
the precipitation complete enough for practical requirements.^ This is partly 
what is meant by “humouring an analytical process.” 

^ According to O. Hackl {Jahrb, K, K, Oeol, MeichsanstaU, 62, 613, 1913), the application 
of the ionic theory in analytical chemistry has been of no practical or theoretical advantage ! 

* See L. Moser, Zeit. anal. Ohem., 59, 1, 1920. 
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WEIGHING. 

§ I. The Balance. 

Weighing is, no doubt, a mechanical operation, but yet is of singular service not 
only in investigating the propi?rties of bodies but in directing those properties 
to their proper uses. — T. Bergman. 

The balance is one of the most important instruments used by the analytical 
chemist. It is essentially an instrument for comj)aring weights. The object of 
weighing is to compare the quantity of matter in a given substance with the 
quantity of matter in a standard substance— the weight or weights.^ The 
conditions which must be satisfied by a good balance are: — 

(1) The balance must be consistent. It must give the same result in 
successive weighings of the same body. This condition depends upon the 
accuracy of the knife-edges. 

(2) The balance must be accurate. The beam must be horizontal when the 
pans are empty and when equal masses are placed on the pans. This condition 
depends upon the equality of the two arms. To eliminate any error arising 
from the inequality of the arms of the beam see page 14. 

(3) The balance must be stable. The beam after being displaced from its 
horizontal position must return to its horizontal position. This condition 
depends on the adjustment of the centre of gravity. 

(4) The balance must be sensitive. It must show any inequality in the two 
masses on the scale pans even when the differences are small. 

(5) The balance beam must oscillate quickly. The time taken for an 
oscillation of the beam, as indicated by the pointer, should be as small as 
possible, in order that the weighing may be done quickly. ^ 

§ 2. The Location, Care and Use of the Balance. 

If the balance be in danger of vibrations, shocks or jars while in use, it 
should be placed on a firm foundation — either on solid masonry built from the 
ground, or isolated from the floor vibrations by resting it on a shelf fixed to 
heavy brackets against the walls, and not with legs resting on the floor. The 
balance should be adjusted perfectly horizontal by means of the levelling 
screws and the spirit level or plumb bob inside the case. 


^ The theory of the balance is usually discussed in text-books on physics. The student is 
referred to J. Walker, The Theory and Use of a Physical Balance^ Oxford, 1887; E. Brauer, 
The Oonatructioa of the Balance^ London, 1909; W. S. Aldis, Trans. Netvcaaile Chem. Soc,, 3 , 
151, 161, 1876; P. J. Krayer, The Use and Care of a Balance, Easton, Pa.* 1913; F. A. Gould 
in R. T. Glazebrook's Dictionary of Applied Physics, London, 3 , 107, 1923. 

* For the limitations of the balance, see B. Blount, Joum. Chem. Soe,, iti, 1035, 1917. 
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The balance should be located so that it is not likely to be heated unequally,^ 
and therefore it should not be placed near a door frequently opened, nor 
adjacent to a stove, hot-water ])ipe, window or ventilating shaft. If the 
location be not suitable, the “zero point’’ of the balance will be continually 
changing owing to the unequal expansion of the arms. If }) 0 Svsible, the balance 
should be kept in a separate room. If a small room cannot be ])artitioned oiT 
from the laboratory, a second glass case covering the balance case proper may 
be needed. Keep the mechanism free from dust. Hence, the balance case 
must not be o])ened in a dusty room. If artificial light ]>e used, it should be 
above and at the back - if possible, over the right shoulder— of the o])erator. 

If there be any likelihood of the atmosphere in the vicinity of the balance 
being contaminated with acid fumes, lime and alkaline carbonates should be 
kept in the balance case to neutralise their effects. Calcium chloride is 
frequently kept inside the balance case in glass vessels made for the purpose, 
or ill a funnel, which in turn rests in an Erlenmeyer’s ffask. The idea is to keep 
the atmosphere inside the case dry. The remedy is by no means effective, as 
will be shown later. A mixture of fragments of quicklime and granulated 
calcium chloride is good. Some object to the use of concentrated sulphuric 
acid as a desiccating agent in the balance case owing to the fumes (sulphur 
dioxide) w'hich are given off* w’hen organic dust collects in the acid jar.^ 

The object to be weighed should neither be (1) hotter, nor (2) colder than 
the atmosphere in the balance case. Currents of hot air may im])inge on the 
arms of the balance and cause one arm to expand unequally, or buoy up the 
beam. For instance, a jdatinum crucible which appeared to weigh 20-649 grms. 
when w^arm, really weighed 20-692 grins, when cold. Hence, the crucibh‘ 
weighed 0-2 per cent, less w^hen hot than cold. If the crucible be colder than 
the atmos))here of the balance case, moisture may condense on the olqect to be 
weighed. If the object to be weighed is likely to be electrified, it should be 
allowed to stand some time after it has been wijied, before it is weighed.^ 
The electrification of tin* weights ^ or objects causes erratic movements of 
the pointer. 

The balance should not be cleaned too frequently. AVith prope'r care and 
the balance in a suitalde position, a good cleaning every three or four months 
should suffice. This may occupy from a quarter to an hour. All the loose 
parts should be carefully removed and dusted; the movable parts cleaned and 
oiled. Wipe off* any excess of oil. Polish the suspensions with a piece of 
chamois leather. Restore all the parts. Adjust the equilibrium screws and 
gravity bob as indicated later in this chajiter. The weights can be tested at 
the same time. 


' If one arm bi* I hotter than the other, the error introduced in a weighing amounts to 
about 0 ()01 grm. on a oO-grm. load, and proportionally less for a smaller load. W. H. Miller 
{Phil, TratiM.y 146, 753, 1850) detected a difference of 0-00001 mm. in the thermal expansion 
of the two arms arising from a change in the temperature of the room. The arms expanded 
unequally owing to a difference in the quality of the metal forming the beam. T. Middel, 
Drude's Ann.^ 2, 115, 1900; P. 8chwirkus, Zeit. Instr., 7, 42, 1887; J. J. Manley, Trans. Hoy. 
A, 210, 387, 1910. 

® G. S. Johnson, Chem. Nmvs, 67, 211, 1893. Compare J. J. Manley, Phil. Mag., (7), 

16, 489, 1933. 

* J. A. K. JS’ewlands, Ohem. News, ii, 107, 1865. 

* Quartz weights (H. Buff, Div^Uys Juurn., 222, 159, 1878; 8. 8tein, ZeAt. anal. Chem., 

17, 471, 1878; glass weights — K. Ulbricht, Her., 10, 129, 1877) in a velvet-lined box are liable 
to become electrified as they are removed from their l>ed {Chem. Ztg., 12, 494, 1888). See 
page 622, R. Hennig (Zeit. Instr,, 5, 161, 1886) discusses the errors due to air currents which 
are set up when liquids are weighed in open vessels. 
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§ 3. Weighing Hygroscopic or Volatile Liquids and Powders. 

STriall crucibles, watch-glasses, basins, capsules or glazed pa])er,^ are 
convenient supi)orts for substances not affectecl by exposure to the air while 
being weighed. Hygroscopic, efilorescent and volatile substances, and sub- 
stances liable to absorb carbon dioxide from th<‘ air must, if possible, be 
weighed in closed vessels or clipped watch-glasses with ground edges. A 
selection of such vessels is shown in tig. I. The weighing bottle or tube must 
be adajjted for the material under investigation. Weighing tubes jnust be 
suitably supported. The stand shown in fig. la is suitable for supporting a 



Fci. 1 Weighing Bottles and Weigliing Tubes. 

tube either vertically or horizontally. The weighing tube may be permanently 
closed at one end and fitted with a ground sto])pcr or cap at the other fig. la; 
or it may have a ground cap at both ends — fig. 1/. Weighing tubes for boats 
may have two legs to prevent rolling— fig. 1//.^ Watch-glasses with ground 
close-fitting edges are clamped together by a suitable ( lip as shown in fig. Ic.^ 
Weighing bottles may have different shapes and sizes -figs, lb, Ic, Id, 
Guttmann’s weighing bottles, fig. Ic, with ground ca})s, arc best for weighing 
out powders by differmice,^ since (1) several portions can be weighed out 
successively without the joint having to be cleaned, as is necessary with the 
ordinary ground stopper, and (2) dust does not accumulate between the stopper 
and the ground surfaces. A modification with ground-in tubes is useful for 
drying substances in a current of gas, for determinitig water of crvstallisation, 
etc.— fig. 137. 

The ca})ped weighing bottle may also be used for weighing liquids — fig. 2. 
The tube with the liquid has a small pipette inside. All is weighed. Some 

' Paper, horn capsules and similar substances are somewhat hygroscopic and vary in 
weight with the humidity of the air. “Xylonite paper” has many advantages over ordinary 
glazed paper. It is less hygroscopic; it can bo washed with water; it is not attacked by 
ordinary acids and alkalies. It is attacked by organic solvents (H. Schweitzer, Chem. Zig.y 
14 , 698, 1890). H. F. von Jiiptner, Die Einfiihren einheifHcher Anahfsenmeihodenf Stuttgart, 
261, 1896. 

* A. Gawalovski, Chem. Centr., (3), 16 , 369, 1886. 

® J. J. Griifin, Chem. News, loi, 71, 1910; K. Buschmann, Chem. Ztg., 30 , 1060, 1906; 
F. Hall, Journ, Amer, Chem. Soe., 37 , 2046, 1915; G. Incze, Zeit. amf. Chem., 54 , 406, 1915. 

* C. Mangold, ZeM. annexe. Chem., 4 , 441, 1891; L. F. Guttmann, Journ. Amer. Chem. jSV., 
28 , 1667, 1906; A. Breneman, Chem. News, 48 , 168, 1883; T. Zohren, Chem. Zig., 36 , 824, 
1912; P. Friedrichs, Zeit. amil. Chem., 53 , 177, 1914. 
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liquid is withdrawn by means of the pipette.^ The pipette is returned to the 
bottle, and all is weighed again. The loss in weight represents the amount of 
liquid removed. Berl ^ has a convenient pipette for weighing corrosive liquids 
— fig. 3. The apparatus is weighed. The tap C fits closely without lubrication. 
To fill the pipette, connect A with K; apply suction at A, until K is partially 
evacuated, then close C. Let the point S dip in the liquid under examination ; 
connect P and K. The liquid runs into the pipette. Close the tap C before 

the liquid has reached it. Clean the end of 
the tube S. Return the pipette to the 
tube F and weigh. The increase in weight 
represents the amount of liquid in the 
pipette. Now let the tip S dip under 
water. Let the contents gradually run 
from the pipette by opening the cocks. 
Run water through the apparatus. This 
will ensure the removal of all the liquid 
from the pipette.® This procedure may be 
obviously modified to suit particular con- 
ditions.^ The instrument is rather lighter 
than Lunge and Rey’s well-known pipette 
for a similar purpose. 

Large glass and porcelain vessels, plati- 
num crucibles and basins dried and cooled 
Fjo. 2.—Weighing Fio. 3.— Bed’s ill desiccators, arc particularly liable to 

Bottle and Pipette. Weighing Pipette, condense moisture on their surface while 

being weighed.® Many powdered substances 
also begin to absorb moisture and possibly also other gases quite energetically 
immediately they have left the desiccator, and Pagasogli ® mentions an example 
where a powder dried over sulphuric acid increased in weight from 0-(X)l to 0*003 
grm. during the weighing, which occupied between 3 and 6 minutes. The weight 
of a body will increase until the vapour pressure of the absorbed moisture is 
equal to the vapour pressure of the moisture of the air. The practice of keeping a 
desiccating agent in the balance case with the idea of retarding the absorption 
of moisture while the substance is being weighed is not particularly efficacious. 

* For a weighing bottle with a pipette stopper, see L. E. Levi, Journ. Amer, Chem. Soc., 
27 , 614, 1905. 

* E. Berl, Chem, Ztg., 34 , 428, 1910; H. Rosenlecher, Zeit, anal, Chem.., 37 , 209, 1898; 
G. Lunge and H. Rey, Zeit. angew, Chem.., 4 , 702, 1891. 

® For strong fuming acids, a drop of liquid may escape from S into the tube F while it is 
being weighed. In that case, a drop of water is placed in F, and all is weighed without allowing 
the tip of the tube S to be wotted. The pipette is then filled as described in the text. Berl 
has modified the bulb for liquids with a high vapour tension (i.e. volatile liquids). 

^ When weighing liquids which spoil on exposure to the air, Holde’s pipette may be used. 
D. Holde, Zeit, anjgew, Chem., 12 , 711, 1899; H. Schweitzer, Joum. Amer, Chem. Soc., 15 , 
190, 1893; E. Reichardt, Zeit. anal. Chem., 7 , 187, 1868. 

* Vessels full of air have a uniform weight as soon as their surfaces are in equilibrium with 
the atmosphere. When these conditions are changed — by a variation of tem^rature for 
example — it takes a long time to bring the vessels to their original condition. Thus, a hard 
glass tube, 60-80 cm. long and 2-2*5 cm. diameter, must be kept two or three hours in a 
balance case before its weight is constant. Glass flasks, 1 to 4 litres capacity, after having 
been heated or rubbed, do not attain a constant weight until they have remained in the 
balance case five or six hours. Polished platinum rapidly regains its primitive weight, but 
when the surface is more or less roughened, it attains its proper weight more slowly than glass 
or porcelain. J. S. Stas, (Euvres CompUtes, Bruxelles, l, 317, 1894; Chem, News, 4 , 206, 1861 ; 
J. L. Smith, ib,, 31 , 65, 1876. 

* G. Pagasogli, VOrosi, 10 , 109, 1888; J, L. Smith, Chem, News, 31 , 56, 1876. Compare 
J. Eehner, junr., ^U, aneU, Chem,, 88 , 266, 1932. 
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This is well illustrated by the following observations: ^ — A hair hygrometer 
was placed in a balance case. Some fresh granulated calcium chloride was 
placed in a funnel resting over a flask. The hygrometer showed a humidity of 
60*5 to 61 per cent. In an hour, the humidity fell to 55*5 per cent.; in 15 
hours, to 53*5 per cent. The humidity then gradually rose during the next 
three days to its former value, 60-61 per cent. The calcium chloride was then 
appreciably moist and liquid began to drop from the end of the funnel. 

Ostwald ® recommends weighing the substance as rapidly as possible after 
removing the vessel from the desiccator. The idea is to make the error due to 
adsorption as small as possible. In igniting or drying to a constant weight, 
the same time may not always be occupied in making the control weighings 
and diflerent results may accordingly be obtained with the same body. For 
instance, three control weighings of the same body gave 17*4334, 17*4332, and 
17*4331. The idea is best applied by getting the approximate weight of the 
ignited body in a covered crucible. Repeat the ignition and cooling, and place 
the necessary weights on the pan, so that the rider alone is needed to complete 
the weighing. This will usually suffice, but a third ignition will enable the 
third weighing to be made in a few seconds. 

On the other hand, Smith ® recommends leaving the body 20 minutes in the 
balance case after it has been removed from the desiccator, in order that the 
body may adsorb its normal film of moisture, ix. until its weight is constant. 
The objection to this plan is the long time required for the control weighings, 
and there is nothing to show that the humidity of the atmosphere has remained 
constant during the experiment. However, it is not likely to change appreci- 
ably under ordinary conditions.^ 

§ 4. Some Points on Weighing. 

In attempting to weigh to the tenth of a milligram, it might be thought 
best, at first sight, to add weights and move the rider until the pointer of the 
balance swings equally on both sides of the zero of the scale. It is assumed, 
quite correctly, that when the exact weight has been added to a properly 
adjusted balance, the pointer will swing the same number of divisions to the 
right and the left of the zero, provided it does so when the pans are empty. 
As a matter of fact, this method is perhaps more often in error than otherwise. 
It entails a frequent adjustment of the zero point of the balance, owing to 
unavoidable variations in the zero point.® Even if the position of equilibrium 
of the pointer with an unloaded balance be adjusted with the pointer at the 
zero of the scale, the zero point may change in a short time, owing to unequal 
heating of the arms, and other causes. By ignoring this fact, appreciable 
errors may creep into the work. This method of weighing, in which the rider 
is adjusted until the swing of the pointer of the loaded balance is nearly the 
same as with the unloaded balance, is very common, and it is accurate enough 

^ O. Kuhn, Chem, Ztg., 34 , 1097, 1108, 1910. 

* W. Ostwald and R. Luther, Hand- und HiUfifbuch zur Ausfiihrung phyaiko-chemischer 
Meaaungen, Leipzig, 51, 1902; London, 38, 1899. 

* J. L. Smith, Amer, Chemist, 5 , 212, 1874; F. P. Treadwell, Kurzes Lehrbuck der analy- 
tiache Chemie, Leipzig, 2 , 21 , 1911; New York, 22, 1904. 

^ R. Hottinger {Zeit ami, Chem., 48 , 73, 1909) recommends plotting the increases in 
weight as ordinates, with time as abscissae. The curve will be horizontal after the elapse of 
a few minutes. The first weighing will not be zero. The time required for the first weighing 
is longest; subsequent weighings occupy less time. Hottinger extrapolates for zero by con- 
tinuing the curve. F. Richarz, Verhan^, phys, Oes, Berlin, 83, 1886. 

* T, E. Thorpe, Joum, Chem, 80 c,, 47 , 116, 1885; J. J. Manley, Proc, Boy, 80 c,, A, 86 , 
591, 1912; Trans, Boy, 80 c,, A, ax 2 , 227, 1912. 
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for most analytical work. We shall see later that the errors incidental to the 
methods of preparing precipitates for weighing, mask the small errors intro- 
duced by the effects just indicated. 

In special cases, when weighing to the tenth of a milligram, it is important 
to be able to make the weighing independent of any temporary inequality of 
the arms, etc. Hence we have : — 

(1) Gauss' fuetkod of double weighing. — The object is weighed first in one pan, 
then in the other. The square root of the product is supposed to represent 
the weight of the object.^ 

(2) Borda's method of weighing by tares. — Here the object is balanced by a 
suitable tare (wire, weights, shot, potash bulb, etc.). The object is removed, 
and weights are added in its place until equilibrium is restored. 

(3) Method of weighing by double vibrations (or swings).^ — The following 
description may make the process of weighing by double vibrations appear 
somewhat laborious. The labour is, however, more apparent than real. 
Practice with the method is also an excellent way of mastering the manipulation 
of the balance. 

First, find the zero position of the pointer, that is, the position the pointer trill 
occupy on the scale when the balance, swinging without a load, comes to rest. 

It would be too great a w^aste of time to wait until 
the oscillations of the pointer cease when it is {jossible 
to deduce the ])ositiou directly from the distances 
the pointer swings to the left and right of the scale, 
Following F. Kohlraiisch,^ we prefer to number the 

Fra. 4.— iScalc of Pointer of extreme left, not in the 

Balance. middle of the scale. This ])revents any (confusion 

of signs later on. Neglect the first two or three 
swings on account of the shock and air currents set up when the door 
of the balance is closed. Take 3, 5 or 7 consecutive readings of the 
turning points of the swinging pointer. Take the average of the odd and also 
the average of the even numbered readings. Add the two results and divide 
by 2. In illustration, suppose the turning points read-—- 

7-2; 130; 7-2 

The mean of the first and third readings is 7-2; the mean of both the even and 
odd readings is 7-2 + 13-0 divided by 2, that is, 10-1. This number represents 
the required zero point of the balance. The needle will come to rest wdien the 
pointer is at 10*1.® 

Second, find the deviation of the scale per jnilligram , that is, the sensibility of 
the balance. The object to be weighed is placed on the left pan, the weights on 
the right pan. When the weights ® are so far adjusted that another centigram 

^ Chem. Neivs, io6, 248, 259, 1912. For an extension of Gauss’ method, see A. E. 
Conrady, Prav. Roy. Soc.., A, loi, 211, 1922; W. H. J. Vernon, Journ. Soc. Chem. Jnd., 
53 , 211, 1934. 

® For details see text-books on physics. .1. H. Poynting, Chem. News, 39 , 45, 1879; 
Proc. Manchester Lit. Phil Soc., 18 , 33, 1879. 

® Tlie reading of the pointer in accurate work is greatly facilitated by the use of a lens or 
a magnifying mirror made for the purpose. The lens or mirror is so arranged that an en- 
larged image of the pointer and scale meets the eye when the head is in its natural position 
before the balance. 

* F. Kohlrausch, LeitfadcM der praktischen Physik, Leipzig, 44, 1 896. 

® Scales with red lines instead of the black ones are claimed by C. M. Clark (Journ. Amer. 
Chem. Soc., 32 , 884, 1910) to be more easily read. 

•For the condensation of moist air” on the w^eights, see T. Jhmori {Wied. Ann., 31 , 
1006, 1887) and E. Warburg (ih., 27 , 481, 1886). H. V. Moyer and P. K. Winter (Ind. Nng. 
Chem., 26 , 238, 1934) recommend chromium-plated weights. 
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weight would be too much, close the door of the balance case, and move the 
centigram rider on the divided beam until the pointer moves to the right and 
left of the loth division. Find the position of rest, e.g , — 

Weight on ]*an. Turning Points. Avt*rages. Zero Point. 

11-216 8-2; 13-3; 8-4 8-3; 13-3 10-8 

Move the rider another milligram division to the right. 

Weight on Pan. Turning Points. Av(Tages. Zero Point. 

11-217 4-1; 11-6; 4-3 4-2; 11-6 7-9 

Hence, the zero point is displaced 10-8 -7-9 = 2-9 divisions by in(*reasing the 
weight 1 milligram; or 2-9 scale divisions correspond with 1 milligram. This 
number, 2-9, represents the required sensibility of the balance for the given 
load. The sensibility of a balance for a given load is therefore defined as the 
displacement of the position of rest of the beatn produced by an excess of 
1 milligram weight on either pan. 

Third, calculate the weight of the load oh the pan. From the preceding results, 
it follows that the load weighs 1 1-216 h-j: grins. The zero point of this load is 
displaced 10-8- 10- 1 =()-7 scale division. 8ince 2-9 scale divisions correspond 
with 1 milligram, 0-7 scale division will correspond with 0-7 ~ 2-9 = 0-24 mgrm. 
Hence the weight of the body is 1 1-216 -f0-0(J024 = 1 1 -21624 grins. These 
calculations may be summarised in the formula 

/ < . a -z 

( kirrection = + ^ ^ mgrm. 

where represents the zero point of the unloaded balance; a, the zero point 
with not quite sufficient weight on the right pan; and b, the zero point with 
a milligram more on the right pan than corresponds wdth a. 

The ordinary analytical balance does not indicate with certainty smaller 
weights than 0-(KK)l grin. Hence, although the weight has been stated to the 
fifth decimal, in future weights will generally be rounded off by droj)j)ing the 
fifth decimal and raising the fourth decimal one unit when the drop])ed figure 
exceeds 5. It is well to keep rigidly to one routine process, so that the preced- 
ing operations may become mechanical. W"ith a little practice, time is saved 
owing to the fact that no useless trials are made in the final adjustment of the 
rider. The result is also more exact than the method of weighing by equal 
deviations of the zero point. 

§ 5. The Sensibility of the Balance. 

Balances may now be obtained which show practically no change in 
sensitiveness (a - b) between full and empty loads. The mere statement that 
‘‘a balance is sensitive to y^th mgrm.” is not sufficient unless the corresponding 
load be specified. A balance carrying 5 grins, might be sensitive to Ajth 
mgrm., whereas -j’^th mgrm. with a load of 1(K) grins, would have no perceptible 
influence on the movements of the beam. 

Most balances have a ^‘gravity bob” screw attached to the central portion 
of the beam, or a sliding weight on the pointer. The gravity bob provides a 
means of regulating the value of (a ~ 6), the sensitiveness of the balance, within 
certain limits.^ By its means, the distance between the centre of gravity and 
the central knife-edge can be altered ; and the nearer the centre of gravity to 
the central knife-edge, the greater the sensibility and the greater the period 

^ For a device for adjusting the centre of gravity, see C. Bunge, Chem. Zig., 37, 280, 1913. 
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of vibration of the balance. If the gravity bob be too near the central knife- 
edge, the time of vibration is too long and the balance will be too sensitive; if 
the gravity bob be too far away from the central knife-edge, the balance may 
be unstable, either with the empty pans or with a full load. It is generally 
possible, by adjusting the gravity bob, to make the numerical value (a -6) a 
single figure. Suppose, for example, we have a balance of constant sensibility 
so adjusted that its sensibility is 0*7, the work of weighing is much simplified. 
For instance, in weighing a platinum crucible, we simply find — 

Turning Points. Zero Points. 

Unloaded 5-4; 17*6; 5-6 2 = 11-55 

Loaded 20-023 grm s. . . . 6- 0; 1 8-7; 6-2 a = 12-4 0 

Displacement of zero point . . , a- z— 0-85 

Hence, 0-85 4-0-7 = 1-2. The required weight is 20-0242 grms. With such 
a balance, properly adjusted, a weighing is very quickly and accurately 
performed. 

If the sensibility of the balance varies a little with the load,^ as is usual 
with common analytical balances, owing to a slight bending of the loaded beam, 



it is simplest to determine the value of this constant for the different loads once 
for all. Suppose we find for a certain balance — 

Load . . 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 grms. 

Deflection . 0-76, 0-74, 0-72, 0-72, 0-72, 0-70, 0-70, 0-70, 0-68, 0-66, 0-65 divs. 

The value of a -h can then be read at a glance, for any given load, from the 
graph of these numbers (fig. 5). When a -6 is so fixed, a and z are alone 
determined each weighing. 

§ 6. The Accuracy of the Weighing. 

The finest weighing cannot compensate for the lack of purity of substance, or the 
absence of perfection in chemical operations. — G. I). Hinrichs. 

Accurate measurement is the foundation of real science, and it is necessary 
to get clear ideas about the principles of measurement in analytical chemistry. 
It would obviously be an absurd waste of time to weigh to an accuracy of 
0-001 per cent, at one stage of the work, if at another stage of the work the 
method of preparing the substance for weighing introduced an error of 0*5 
per cent. 

Although many errors are small enough to be neglected, yet cases often arise 
where errors, trivial under one set of conditions, assume serious dimensions 
under another set. Hence, it is necessary for every analyst to have clear ideas 
of the character of the different errors which may affect his work, in order that 


1 H. R. Proctor, Chem. News, 30 , 265, 1874. 
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corrections may be introduced whenever necessary. A chemist will not consider 
any time lost which is necessary for obtaining accurate results; but it is 
certainly a waste of time to carry the accuracy of any single operation (e,g, 
weighing) much beyond the limits of experimental error incidental to the 
process of analysis. 

Errors in weighing and measuring should fall well within the limits of the 
experimental error due to the analytical operations. There is no advantage in 
making one of a scries of interdependent measurements much more accurate 
than the others. A chain is no stronger than its weakest link. Under ordinary 
conditions, ten consecutive weighings of the same substance should not differ 
much more than 0*0005 grm., that is, by 0*05 per cent, working with one-gram 
samples; whereas in other cases the error in weighing should not exceed 0*01 
per cent., that is, 0*0001 grm. 

Example. — If an error no greater than 0 001 grnm. were made in the initial weighing 
of a gram of a (day which contained 0*2 per cent, of MgO, the greatest error in the 
determination of the magne.sia could be no greater than 01 per cent, of its value. That 
is, the final result could not Ixi affected by more than 0*1 per cent, of 0*2 per cent., 
i.e. 0*0002 grm. This is negligibly small. The weighing is even more accurate than 
is necessary. Suppose further that an error of 0*001 be possible in the w'cighing of the 
0*0055 grm. of ]Vlg2P207 ; ^ an error of 0*001 grm. would represent an error of 100 x 0*001 
-r 0*0055 — 18 p(^r cent. This is too great. The w'eighing must be more exact. 

Clay analys(}s arc usually made upon one-gram samj)les. The final result is 
represented as a ])ercentage taken to the second decimal. This seems to imply 
that the weighings are exact to the ()*0001th of a gram. Possibly they are. It 
would not be very difficult to inake the weighings exact to 0*00001 th grm. 
This would enable us to represent the final analysis, as beginners frequently do, 
with three decimals. But we shall see that the appearance of accuracy con- 
veyed by these decimal figures — the second and third — is quite illusory.^ 
Calculations should stop when the limit of precision of the analytical process is 
reached. Precision in form does not necessarily rejnesent accurate work. 

Altogether apart from the accuracy of the sampling, analytical operations 
involved in preparing the different substances for weighing are seldom more 
exact than is represented by Washington’s^ statement: “For silica or other 
constituents which amount to 30 per cent, or over, the allowable limits of error 
are 0*2 to 0*3 per cent, of the whole material; for alumina and other constituents 
which amount to from 10 to 30 per cent., 0*1 to 0*2 per cent.; and for con- 
stituents which amount to 1 to 10 per cent., 0*05 to 0*1 per cent.” If we accept 
these numbers as representing the errors incidental to the best processes 
available for the analysis of silicates and clays, it will be obvious that little, if 
anything, is gained by increasing the accuracy of the weighings beyond the 
tenth of a milligram, until the operations generally used in analytical chemistry 
admit of greater refinement. Indeed, our analysis would approximate more 
closely to the truth if we reported the percentage results to one decimal place 
instead of two. As a matter of fact, two decimals are generally used in technical 
analyses because we have grown accustomed to the plan, not because it repre- 


^ A one-gram sample of the clay will contain 0*002 grm. of MgO, which corresponds with 
0*0056 grm. of Mg2p*07. 

* In illustration, see the analyses of tinea] by H. Vohl in Dingier' s Joum.^ 20l, 165, 1871 ; 
and of iron ores by J. C. Welch in Chem. News, 52, 32, 1885, to four places (per cent.) ! 
This discussion is resumed later. 

• H. S. Washington, Manml of the Chemical Analysis of Rocks, New York, 24, 1904; 
M. Dittrich, Neues Jahri. Min., 2, 69, 1903; W. N. Bae and J. Reilly, Chem, News, 1x4, 
187, 200, 1916. 
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seiits the accuracy of the work. The first decimal is supposed to be nearly 
right; the second is retained in order to keep the first decimal as nearly accurate 
as poswsible iu calculations made with the analytical data. Under ordinary 
conditions, therefore, a third decimal is quite out of ]>erspective, while a fourth 
is an abomination.^ 

Few analytical processes can be depended u})on beyond a limit of accuracy 
represented by 1 in 500; still fewer beyond 1 in 1000. In fact, a method which 
would enable a real distimdion to be drawn between 50-0 and 50-1 })er cent, 
would be considered excellent. As a matter of fact, this degree of accuracy is 
seldom, if ever, attained in a complex separation. Hence, the statement that 
50*13 per cent, of a (constituent is present can rarely represent more accurate 
work than if the result had be<‘n sinqdy ex])ressed by the numlx^r 50*1 per (amt. 
To quote an illustration by Hinrichs,*^ Berzelius (]S2b) worked with a balance 
accurate to 0*01 grm., Ramsay and .Aston (1893) worked with a ])alance a(*(*urate 
to O'OOOOOOl grm. In seven determinations of th(‘ water of crystaJIisation of 
borax, Ramsay and Aston found a mean of 0*471677 grm., and B(‘rzelius, 0*4710 
grm. per grm. of borax. The individual determinations in the former case 
varied from 0*471099 to 0*472026. Here then, with a variation in th(‘ third 
decimal, it follows that the fourth and succeeding decimals have no more value 
than the results determined on the less sensitive balance used by Berzelius. 

Ill some cases, working under special conditions with large amounts of raw 
materials, it is possible to determine quantitatively certain constituents 
occurring in amounts below 0*01 ])er cent. In that ca.se the first significant 
figure might appear after the scmond place in the final statement of the results. 
The determination of these constituents may be useful and important for 
special purp(jses, which are not usually industrial. 

§ 7. The Weights. 

When working to the tenth of a milligram, it is necessary to test an ordinary 
box of analytical weights in order to find if the weights are consistent among 
themselves. The errors usually permitted by a standard testing laboratory, 
before a first-class box of weights can re(?eive its imprimatur, are given in the 
second column of the following table. The third column represents the dc^gree 
of accuracy of the calibration. 


Table /. — Permitted Errors in a Set of Weitfhts. 


i 

1 

1 Weight. 

! 

Tolerance. 

N'alues 
given to 

Weight. j 

i 

Tolerance. 

Values 
given to 

2(M) 

0*001 

OO^MK)! 

I to 2 I 

00(KK)5 

0(KK)(M.)1 

1(H) 

00fX)5 

1 0*(KK)0l 

0*5 1 

0*0(KK)4 1 

! 00(K)(H)1 

50 

(HHHIS 

0()0(K)i 

0*2 } 

0*(KXX)3 

i 0*(MXMX)l 

20 

00(M)1 

OCKXK)! 

0*05 to 0*0] i 

0(HK)02 

OCKHKKJl i 

5 1 

{ 

0*0001 i 

1 

04KKK)1 

i 


■ i 


A set of weights which has passed this test will be more accurate than is 
needed for most analytical work. 

^ These remarks, of course, have no reference to the analysis of s^^ecial materials under 
special conditions where three (lecimals may be needed to represent the accuracy of the work — 
for instance, in certain atomic weight determinations; but even hero, the value of the result 
is freciuently overrated. 8ee C. Molar, Pass. Min, Met, Chim,, 36, 101, 1912. 

* G. I). Hinriohs, The Absolute Weights of the Chemical Elements, 8t Louis, Mo., 42, 1901 
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Fairly accurate wei^jfhts can be purchaned for a reasonable sum, and for 
most gravimetric work the inaccuracies of the better class of weights are 
negligibly small in com])arison with the errors of exj)eriment and the imper- 
fections in the j>rocesses of analysis. An analyst, however, wdll not be satisfied 
with having liis weights prohahly exact enough. He must know that the 
weights actually have the required degree of accuracy. This certainty can 
only be estaldished by calibrating the weights. The errors introduced by the 
imperfections of the weights (nin easily be made less than ()*0001 grm., or 0*01 
})er cent. The weights should be tested at ])eriodic intervals, say every three 
or four months. All depends upon the frequency with which the w^eights are 
used and who uses them. Faraday^ has observed: '‘The balance and weights 
should be carefully examined at intervals, to ascertain their accuracy, for if 
they involve unnoticed errors, the experiments made with them may be worse 
than useless. Some curious conclusions, tending to subvert iiiost important 
chemical truths, might be quoted as having arisen solely in this way.’' The 
weights should be cleaned by wiping them with a camel-hair brush or silk 
handkerchief. They must not be rubbed. 

In special cases, c.y. where volumetric ap})aratus is ))eing calibrated, 
absolute weights may be required, ])ut for general analytical work absolute 
weights are not nec(‘ssary. For instance, sup})ose that I grm. of clay be 
weighed with a j)erfect one-gram weight, and exactly ()•! grm. of silica is 
obtained. The clay contains 10 per cent. SiOg. Suppose that the clay be 
weighed with a one-gram weight which is really 0*9 grm. (called 1 grm.), 
and that the other w^eights are consist<mt. The silica obtained w'ould then 
w’eigh 0-09 grm. (called 0*1 grm.). Here, the amount of silica re])orted in 
the clay w ill be the same as before, because (100 x0-09)/0*9== 10 ])er cent. BiOg. 
Hence, if the ireiyhts are c())ifiistea( with one another . their absolute values have no 
injiuence on the accuracy of a quantitative analysis. 

Most books on analysis and ])hysics ^ give the modus operandi for calibrating 
a set of weights. 

In the course of time the w^eights gradually decrease in wT*ight, due 
to "wear and tear.’’ Highly polished weights are less liable to loss by wn^ar 
than wH'ights wdth a dull surface.^ The weights - particularly the smallest— 
sometimes become heavier. This can usually be traced to the adhesion of dirt 
to the metal. The following example^ illustrates the eifect of wear on a set of 


^ M. Faraday, ('hrmiatf Manipulation, Lundoii, 29, 1842. 

W. H. Miller, Phil. I'rauM., 146 , 753, 1856; K. L. Bauer, Zeit. anal. Chm., 8 , 390, 
1809; Ptsjtj. Ann,., 137 , 103, 1869; B. Bunsen, Znt. anal, (.'hem., 6 , 1, 1867; T. W. Richards, 
Journ. Amer. (Miern. Soc., 22 , 144, 1900; Zeii. phyn, Chem., 33 , 605, 19(K); A. T. H. Verbeck, 
JHnglePs Journ., 227 , 4(M), 1878; W . Dittniar, Exereisen in. (Quantitative AnalysiSy Glasgow, 
1, 1887; VV. Ostwakl and K. Luther, Hand- nnd Hiiljsbueh zur A unjiihrung physiko-chemischer 
Messungen, Leipzig, 55, 1902; F. Kolilrauseh, Leitfaden der praktischen Physik, Leipzig, 50, 
1896; W. Crookes, Phil. Trans., 162 , 277, 1873; Chew. News, 15 , 191, 1867; Select Methods 
in Chemical Analy.^is, London, 687, 1905; H. M. Morse, Exercises in Quantitative Analysis, 
Boston, 26, 1909; P. A. Guye, Journ. ('him. Phys., 14 , 25, 1916; N. K. Harvey, Chern. 
Ewj. Min. Rev., 17 , 205, 1925; F. C. Eaton, Journ. Amer. Chem. Soc., 54 , 3261, 1932; 
F. H. Hurley, Ind. Eng. Chem. Anal. Ed., 9 , 2.39, 1937. For Benoit’s method of calibra- 
tion, sec W. Watson, A Texl-lnntk of Practical Physics, London, 74, 1906. 

® The Berichte der Kaiserliiihcn Kormal-Eehungskommission {Chem. ZUj., 10 , 1481, 1886) 
mentions a change, due to internal oxidation within the blowholes of the castings, wdiich was 
accelerated by the introduction of salt solutions when the weights were gilded. See J. 3. 
Manley {Phil. Mag., ( 6 ), 44 , 948, 1922) for the protection of brass weights from oxidation. 

* H. 1). Richmond, Analyst, 19 , 99, 1894; B. Weinstein, Ilandbuch der physikalischen 
MamsbeMimmungen, Berlin, 2 , 363, 1888; R. C. Benner, Mining Sci. Press, 100 , 492, 1911; 
T. K. Hose, The Metallurgy of Gold, London, 460, 1906. 
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weights which had been in regular use for some years in a laboratory where the 
need for calibrating the weights was considered superfluous: — 


Table 11, — Effect of Use on a Set of Weights, 


Face value. 

Actual value. 

Face value. 

Actual value. 

Face value. 

Actual value. 

[lOJ. 

Standard 

[ii. 

0-9989 

[o-n. 

0-0982 

1101. 

9-9997 

[1]. 

1-0008 

lo-()r>i 

0*0485 

[31 

4-9990 

[0-51 

0-4982 

[0-<)2| 

0-0191 

[21 

1 1-9991 

[0-2 1 

0-1993 

[0011. 

0-0092 

[1]. 

i 

0-9987 

[0-1 la 

0-0971 

[0-011. 

1 0-(K)89 

i 


These numbers speak eloquently of the need for checking the weights from 
time to time. They also show how two analysts might get different results 
with the same analytical process when possibly one is using faulty weights.^ 


§ 8. The Influence of Inequalities in the Lengths of the Arms 
of the Balance on the Weighing. 

In what precedes, it has been assumed that the two arms of the balance are 
equal in length. This is not really the case. It is a mechanical impossibility 
to ensure perfect equality. To find the difference in the lengths of the two 
arms, add weights of the same nominal value to each pan. The (corrected) 
weights should be about half the maximum load — say, 50 grms. Bring the 
balance into equilibrium by means of a rider. Interchange the weights oit the 
pan, and again bring the balance into equilibrium by means of the rider. Call 
the two weights W and tv, and let I and r respectively denote the additional 
weights required for equilibrium on the left and right sides. Then, on the first 
weighing, w-\-l—W] and W — w + r on the second weighing. Let L and R 
respectively denote the lengths of the left and right arms. Then, from the 
law of levers, 

L{w + l)=:R, W] and L, W^R{w^r) 


Multiply these two expressions together, and reduce by the usual method of 
approximation for small quantities. We obtain : 


R 

L 



l-r 

2w 


( 1 ) 


Suppose that the weighings with corrected weights for an ordinary analytical 
balance were found to be : 

Left. Right. 

[50] [20] + [10]« + [101 + [10] + 0-13 mgrm. 

[20] + [I0]« + [I0]ft + [10] [50] -f 0-19 mgrm. 

Here then 1= ~0T3, and r= +0T9 mgrm. Consequently, from the second 
equation, (I), above, 

L:i?«l-0000032:I 


^ The consistency of the riders can easily be checked from the 0*01 -grm. weights, or a 
standard rider. In the above case the adjustment of the rider has been effected in terms of 
the given rider. T. K. Bose (l,c,) reports that he found some gilded brass riders at the Royal 
Mint increased in weight from 5*0 to 5*025 mgrms. in six months. 
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It is then necessary to find the magnitude of the error introduced in a 
weighing for a known deviation from equality in the lengths of the two arms of 
the balance. The inequality may be allowed for by multiplying the apparent 
weight by the ratio of the lengths of the two arms, using the ratio Ri L ot 
L : R according to the arm with which the weight is connected. This is 
necessary if the true weight of the object is to be determined. 

With the preceding ratio, L : R== 1*0000032, a weight w on the left pan will 
be equivalent to a weight w x 1*0000032 on the right pan. Hence, if a sub- 
stance on the left pan balances the weight 50 + 0*0001 grin, on the right pan, 
the weight of the load is 1*0000032x50*0001=50*00026 grms. — an error of 
about 0*0005 per cent. There is therefore no need to apply the correction. 
Each balance has its own constant L : R for a given load. The numerical value 
of the ratio varies with different loads. 

Most analytical balances do not need an allowance for variations due to in- 
equalities in the lengths of the arms; the lengths are usually made sufficiently 
exact. When the weights are always placed, say, in the right pan, the correc- 
tion need not be applied in analytical work, because, although there may be a 
difference between the apparent and the true weight of the substances which 
are weighed with the faulty balance, yet this difference is in constant ratio and 
does not afiect the value of the weight ratios. For instance, if R and L respec- 
tively denote the lengths of the right and left arms, and the true weights 
Wi, W 2 , w^i . . . are represented on the balance by the apparent weights 
Pi,P 2 >P 3 i . . it followvs, from the law of levers, that iv^L^^^p^R) . . . 

Hence, 

L L L 

Vi — Pi'- — • • • 

This means that the value of the ratio of the true weights is the same as the 
value of the ratio of the a])parent weights. That is, 

L L L 

: W 2 : •' : P 2 • Pz 

Hence, when two balancing quantities of matter are increased or decreased 
in the same proportion,^ they will equally balance one another. Hence, if the 
weights be always confined to one pan, the apparent weights will always be in- 
creased or decreased in the same ratio, and the results of an analysis will be as 
accurate on the defective balance as on a balance with arms perfectly equal. This 
method of eliminating the error due to the inequality of the arms of the balance 
presupposes that no weights are placed on the left pan for the purpose of making 
up a given weight in what may sometimes appear to be the easiest manner, by 
subtraction. 

§ 9. Corrections for the Buoyancy of Air. 

It is assumed that, if two things are equal in weight at the same time 
and place, they contain the same mass or quantity of matter. The weight of a 
100-grm. weight is supposed to be 100 times the weight of a 1-grm. weight. 
This assumption is only true if the two substances have the same volume, or 
if the comparison be made in vacuo. A body weighed in air is buoyed up by a 
pressure equivalent to the weight of a volume of air which is equal to the 
volume of the body (Archimedes’ principle). Suppose that a 100-grm.platinum 
weight (sp. gr. 21-5) be balanced against a 100-grm. brass weight (sp, gr. 8*4). 

^ It is assumed that the same kind of matter is in question, or that the effect of the 
buoyancy of the air is eliminated. See B. Kempf, Chem, Ztg,, 36, 1349, 1912. 
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It is easy to show that the weight of dry air at, say, 15® C. and 750 rrirn. 
displac^ed by the platiniiui weight is equal to 0-005() grm.; ^ while the weight of 
the air displaced by the lOO-grm. brass weight is 0*01 43 grm. Hence, if the 
platinum weight be exactly 100 grm., the brass weight which exactly counter- 
poises it will not be 100 grm., but 100 -h (0*0143 - 0*(X)56) == 100*0087 grm. 
Hence, the buoyancy of the air produces a sensible effect whenever the volume of 
(he load differs materially from the volume of the weight.'^ 

The arithmetic of the above calculation is summarised in the formula: 

Corrected weight = /c -f- ^ ^ ... (2) 

where w represents the apparent weight of the object; s, the specific gravity of 
the object being weighed; Aj, the specific gravity of the weights; and d, the 
weight of a cubic centimetre of air at the temperature, pressure and humidity 
prevailing at the time of observatiofi. 

Example. — A porcelain crucible (sp. gr. 2*3) weighs 7-5392 grms. (w) when the 
7-grni. Aveights are brass (,Vi-8-4) and the 0-5392-grm. weights are platinum (a,-- 21-5). 
What is the corrected weight of the body when d=0 ()012? 

With the 7-grm. brass weights, 

CV)rrection - 7 x ) - 0-00205 grm. 

and with the 0-5392-grm. platinum weights. 

Correction r- 0-5392 x 0 0012( ) -0-00025 grm. 

Consequently, the corrected weight is 7-5392 * 0-(K)2H5 + 0-00025 --7 -5421 grms. 

To illustrate the effect of the buoyancy of air on the different preci])itates 
usually WHUghed in clay analyses, the table opposite may be quoted. 

The table shows that wlnm the amount of a precipitate is determined from 
the difference in the weight of an emjffy crucible and of the crucible plus residue, 
and the atmospheric conditions are the same when the two weighings are made, 
the buoyancy correction is not needed for small precipitates, nor for preci]>itates 
with a specific gravity not sensibly different from that of the substance under- 
going analysis. In ordinary analytical operations w’c have to deal wdth 
differences in weight, not with absolute weights. For instance, an empty 
platinum dish weighs 63 grms. It is weighed with brass weights (sp. gr. 8*4). 

A litre of winter is evaporated to dryness in the dish and the dish weighed again. 

* Thus, the lOO-grm. platinum weight has a volume 100 v 21 -5 "-4-05 o.c. One e.c. of 
air at 15 ' (1 and 750 mm. weighs 0 -(XH 2 grm. Hence, 0-(K)l2 x 4-65 = 0-(.K)56 grm. Naturally, 
all weighings should he redu(;ed to weights iv vacuo, but the error introductnl by taking the 
apparent weight in air is negligibly small in ordinary analytical work. 

2 The buoyancy correction appears to have been first used by E. Turner about 1830 in 
determinations of specitic gravities and atomic weights {Phil. Trans., 119 , 291, 1829; 123 , 
523, 1833), J. J. Berzelius iised the correction in some early work, but later regarded the 
correction as trifling. W. Crookes, Chem. News, 15 , 191, 1807; 29 , 29, 1874; C. W. Folkard, 
ib., 29 , 30, 1874; F. C. Cloud, ib., 35 , 133, 1874; H. R. Proctor, ib., 30 , 255, 1874; Tram. 
Newcastle Chem. /SV., 2 , 188, 1873; L. L. de Koninek, Chem. Ztg., 18 , 1816, 1894; J, P. 
Cooke, Zfit. ami. Chem., 23 , 187, 1884; Chefn. News, 48 , 39, 1883; W. H. Miller, PUL 
Trans., 146 , 753, 1856; G. F. Becker, Liebu/s Ann., 195 , 222, 1879; J. C. G. de Marignao, 
(Euvres Complies, Geneve, i, 44, 1894; Bibl. tJniv., 46 , 373, 1843; P. Guye and N. Zachariados, 
Cnmpt. rend., 149 , 593, 1122, HX)9; A. Scott, Proc. Chem. Soc., 25 , 286, 1909; T. W. Richards 
and G. P. Baxter, Journ. Amer. Chem. Soc., 32 , 507, 1910; T. Henard and P. A. Guye, 
Journ. Chun. Phys., 14 , 55, 1916; P. A. Guye, ib., 14 , 83, 1916; W. N. Rae and J. Reilly, 
Chem. News, 114 , 187, 200, 1916. To eliminate the buoyancy correction in weighing bulky 
glass apparatus use a similar apparatus as a tare — see page 622. 
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Table III. — Effect of Buoyancy of Air on the Weighings of a Clay Analysis. 



Specific 

Error per gram of substance weighed. 

Substance weighed. 

. 




gravity. 

.Brass weights. 

Platinum weights. 

Clay 

2-55 

0()0033 

0*(XX)41 

Silica ..... 

2 28 

0(XK)39 

0(KX)48 

Alumina .... 


0(K)0J7 

0*00028 

Ferric oxide .... 

r)12 

0-(KX)10 

0*0(X)18 

Magnesium pyrophospliato 

2-40 

0(X)03b 

0*(KK)44 

Calcium oxide 

2*90 

00(X)27 

0*(XX)3r) 

Potas.sium chloride? 

1-99 

0 00046 

0*(XX)65 

Sodium chloride 

2 13 

0(XX)42 

0*00054 

Potassium perchlorate 

i 

2-52 

000033 

0*(XX)42 


The difference in the two weighings represents the solid matter derived from the 
water. 

If there be a considerable difference between the specific gravity of the 
substance undergoing analysis and that of the ignited precipitate, an allow- 
ance must sometimes be made for the different effects of the buoyancy of 
the air on the different substances. For instance, in determining the amount 
of sulphur in a sample of pyrites by weighing the precipitated barium sulphate, 
the error due to the buoyancy of air will be negligibly small. This arises from 
the fact that the pyrites and the barium sulphate have nearly the same specific 
gravity and, consequently, nearly the same buoyancy correction. On the 
contrary, in standardising a solution of silver nitrate by precipitating silver 
chloride from a given volume of the solution, the buoyancy of air may affect 
the result by 0*1 per cent. 

Effect of Variations of Temperature and Pressure on the Buoyancy of Air. — In 
the experiment cited above, we assumed that the weight of the empty platinum 
dish was affected by the air to the same extent before and after the evaporation. 
It is necessary to examine the validity of this hypothesis. The evaporation 
takes so long that we cannot reasonably assume that the temperature and 
barometric pressure have remained constant. Now the weight of a given 
volume of air de2)ends ui)on the temperature and pressure. Hence the 
buoyancy of the air is affected by these two factors. 

The brass weights, 63 grras. in the above example, occupy a volume of 7*5 c.c., 
and the material of the j^latinum dish occupies a volume of 2-93 c.c. Hence, 
7-5 - 2*93 -= 4*57 c.c. more air is buoying up the brass than the platinum weights. 
The weight of 4*57 c.c. of dry air at 760 nun. and 15*^ is 4*57 x 0*001 225 =0*00560 
grrn. Consequently, the 63-grm. brass weights really represent 63*00560 grins. 
Suppose that the barometer falls to 740 mm. and the temperature rises to 25°, 
the weight of the air will then be 4*57x0*001153 = 0*00527 grm. Hence, 
0*00560-0*00527 = 0*00033 grm. represents the decreased buoyancy of air 
during the second weighing. Hence, if the dish weighed just 63 grms. on the 
first weighing, it would weigh 63*00033 grms. on the second weighing. 

Assuming the two atmospheric conditions just indicated, and assuming that 
the observed weights were 

Dish plus residue ...... 63*00048 grms. 

Empty dish ....... 63*00000 grms. 

Residue 0*00048 grm. 

2 
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we might be led to assume that the litre of water contained the equivalent of 
0-00048 grm. of solid matter, when in reality it only contained 0*00015 grm. 
The apparent weight of the dish has increased 0*00033 grm. owing to the 
decreased buoyancy of the air. If, therefore, we make any pretence to accuracy 
in the fourth place, we must not only allow for the buoyancy of the air, but we 
must also allow for the changes in the buoyancy of the air with variations of 
temperature and pressure.^ Potash bulbs and calcium chloride tubes, in virtue 
of their relatively large bulk, might easily lead to errors of 1 per cent., owing to 
the neglect of the variations in the buoyancy of air under changing atmospheric 
conditions. 

Fresenius, in his classical Anleitung zur quantitativen chemischen Analyse ^ 
after showing^ that in analytical work weighings are usually carried to 0*1 nigrin. 
refers to the correction for the buoyancy of air in these terms: “This defect is 
so very insignificant, owing to the trifling specific gravity of air in proportion 
to that of the solid substance, that we generally disregard it altogether in 
analytical experiments.” Fresenius’ remark is also true of analytical practice 
at the present day, but it is equally true that weighings below 0-0005 grm. are 
then of no particular value, and this altogether apart from the inaccuracies 
mentioned on page 11 arising from the particular character of the analytical 
process. 

Effect of Variations of Humidity on the Buoyancy of the Air. — The humidity 
of the air is also constantly changing. We must therefore inquire what effect 
this has on the buoyancy of the air.^ The preceding calculations were referred 
to dry air at the temperatures and pressures indicated. As a matter of fact, 
the buoyancy of moist air is less than that of dry air; hence, the correction for 
moist air will be less than for dry air. In illustration,^ a crucible kept in the 
balance case during the summer months — July and August — showed the 
following variations in weight: — 


Table IV. — Effect of Humidity of Air on Weighings. 



Weight in air. 

Weight corrected 
for buoyancy 
of moist air. 

Weight corrected 
for buoyancy 
of dry air. 

Maximum . ... 

Minimum .... 

Mean ..... 

Deviations from mean . . | 

grms. 
39*35659 
39*35601 
39*356362 
-f 0*000228 
-0*000352 

grms. 
39-37046 
39*37040 
39*370437 
+ 0*000023 
-0*000037 

grms. 
39*37061 
39*37052 
39*370562 
+ 0*000048 
-0*000042 


1 The Epfect op Gravitation on the Buoyancy of Air. — Strictly speaking, the weight 
of a litre, of dry air at 760 mm. differs in different localities. This is not merely because the 
action of gravity on a litre of air is different in different places, but because a pressure of 
760 mm. of mercury varies with the intensity of gravitation. Thus, the intensity of gravity at 
Greenwich is to that at Paris as 3457 : 3456. Hence, if a litre of dry air at Paris weighs 
1*2932 grms., a litre of air at Greenwich will weigh 1*2936 grms. under the same conditions 
of pressure and temperature. Hence, the effect of gravitation on the buoyancy correction is 
negligible. The small difference in the buoyancy of air in the two places has no appreciable 
effect when applied to particular cases. 

‘ R. Fresenius, Quantitaiive Chemical AnalysiSf London, x, 18, 19, 1876. 

* The fallacy of assuming that the air inside a balance case is dry simply because a oouple 
of jars of calcium chloride or of sulphuric acid are in the case will appear from page 7. 

♦ O. Kuhn, Chem. Zig., 34 , 1097, 1108, 1910; R. Kempf, ift., 36 , 1349, 1912. 
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Hence, the average effect of variations in moisture is somewhere near 0-00013 
gnu. In one of the experiments, a variation of 10 per cent, in the humidity 
of the air only altered the corrected weight 0-(XXK)3 grm. That is outside the 
range of weighings conducted to 0*1 milligram. Applying our test— the errors 
in weighing should fall within the limits of experimental error due to the 
analytical process — it follows that it is necessary to allow for variations in 
the buoyancy of air due to variations of temperature and pressure when the 
weighings are conducted to the tenth of a milligram, but further variations due 
to humidity can be neglected under these conditions. 

It is generally convenient to assume that the average weight of a cubic 
centimetre of moist air is (>(K)1 2 grm.^ Kemembering that for general purposes 
the weights are calibrated in air, and that we assume the buoyancy is a constant 
corresponding with the weight ()-()012 grm. per c.c., we are only concerned with 
variations in the buoyancy of the object being weighed.^ In that case, we use, 
in place of formula (2) on page 16. 

Corrected weight “ W’ + 0*001 2?/7 '.v . . (3) 

By making = l grm. and plotting the corrected weight for different 
values of (spt^cific gravity), we get the curve shown in fig. 6, This enables 
the correction for a given weight of substance to bo seen at a glance. 



.Fi(}. (). — Buoyancy Correction for Substances of Different Specific Gravity. 


Example. — A silica “precipitate” weighs 0*6021 grm. What is the corrected weight 
if the specific gravity of calcined silica is 2*26? From the diagram (dotted lines), we see 
that the correction factor is 1*0005 per grm. Hence, 10005 x 0*6021 =0*6024 grm. is 
the corrected weight. 

§ 10. Summary. 

The important lesson we learn from this chapter is that in analytical 
chemistry, as well as in other work involving delicate measurements, it is always 
advisable to make at least a rough estimate of the influence of the various 


^ The density of moist air can be calculated from the expression d=rfo(B , 

where d is the density of the moist air, do that of dry air at a barometric pressure of P mm., 
and p is the pressure of water vapour in the air. The value of p is determined from tables 
giving the maximum pressure of water vapour corresponding with the dew point of the air. 

* W. Dittmar, Ex&rcum in QuantikUive Chemical Analysidy Glasgow, 8 , 1887; P. Sohott- 
l&nder, ZeiL phye. Chem.f 16 , 458, 1895. 
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sources of error on the final result. These errors can only be neglected when 
their effect is small in comparison with the error derived from other sources. 
The chief sources of error commonly introduced in the balance room are those 
arising from: (1) Variations in the zero point of the balance; (2) Inconsistent 
weights; (3) Inequalities in the lengths of the arms of the balance; and (4) 
The buoyancy of the air. We have seen that in results making any pretence 
to accuracy to the “second decimal” or to the “ ,\,th milligram” — 

(1) The zero point of the unloaded balance should be determined and the 
weighing made by one of the methods given on pages 7 to 9. 

(2) The weights should l)e calibrated and periodically checked (pages 12 
to 14) for consistency among themselves. 

(3) The error due to the inequality in the arms of the balance can be 
neglected in ordinary analytical work (page 14). 

(4) The correction of the weighings for the buoyancy of air is necessary 
when the determination involves the weighing of su})stances with appreciably 
different specific gravities (page 17). In general analytical work this correction 
can be neglected, since the resulting error is overshadowed by the errors 
associated with the preparation of the precipitates for the balance. 



CHAPTER 11. 


THE MEASUREMENT OF VOLUMES. 

§ II. Volumetric and Gravimetric Processes of Analysis. 

Measurements with a good balance and weights can readily be conducted 
with a precision far greater than is needed for general analytical work. It has 
been pointed out that the errors involved in the preparation of a troublesome 
precipitate for weighing will impair the value of an exact weighing. The 
measurement of volume, in volumetric analysis, may not be so precise and 
reliable as the measurement of weight, yet the results of volumetric processes, 
based on suitable reactions, are frequently more trustworthy than gravimetric 
processes, because the method of preparing the substance for the measurement 
by volumetrit^ processes is less liable to error. 

There is a prejudice in some minds against volumetric processes. It is 
claimed that in general “there is a lack of precision in volumetric analysis.” 
In many cases the prejudice arises from the fact that some essential precautions 
have been neglected; in other cases there may be an intrinsic weakness in the 
method itself. There is also some confusion possible in the different systems of 
measurement. With proper precautions many volumetric processes are 
excellent, and, for technical analyses, invaluable. Indeed, in technical work, 
where time is an essential factor, volumetric processes are used in preference 
to gravimetric wherever expedient.^ It is important to have a clear idea of 
the precautions necessary for a high degree of accuracy, in order that errors of 
vital importance may be eliminated. The need for the “analytical perspective,” 
mentioned on page 11, is here of great moment. 

§ 12. The Influence of Variations of Temperature. 

The volume of a solution depends on the temperature. The higher the 
temperature, the greater the volume of a given weight of a solution. A glass 
measuring vessel also has a greater capacity the higher the temperature. 
Although the level of a solution in, say, a litre flask may rise above the litre 
mark as the terneprature rises, this naturally occurs because the expansion of 
the water more than counterbalances the increased capacity of the flask. If 
the expansion of the glass were greater than the expansion of the solution, with 
rise of temperature the level of the liquid in a standard flask would sink below 
the mark on the neck of the flask. The liquid would appear to contract. The 
volume measured at any temperature, different from the standard temperature, 
is the joint effect of the changed capacity of the flask atid the changed volume 
of the liquid. 


^ R. Hasenclever, 33 , 3827, 1900. 
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Let us take the coefficient of cubical expansion of glass ^ to be 0*000025 ; 
and Thiesen, Scheel and Disselhorst’s ^ values for the volume of water at 
different temperatures indicated in the subjoined table (Table V.). The 

Table F . — Volume and Denfiity of Water at Different Temperatures, 


Temp. 

Volume. 

Density. 

Temp. 

Volume. 

Density. 

0 

1 0001324 

0-9908676 

20 

1-0017728 

0-9082303 

1 

1(KKK)734 

0-9990266 

21 

I-(Xn0853 

0-0080186 

2 

J(K)00320 

0*9900680 

22 

1 -(M)22083 

0-0077966 

3 

1*00(KM)78 

0-0000922 

23 

1-(H>24414 

0-007.5645 

4 

1-OfKKXKK) 

1 -(MMHXXX) 

24 

1 -(M)26847 

0-0073225 

T) 

1(M)0<K)82 

0-0900918 

25 

1-0020.378 

0-0070708 1 

6 

l-0(Kt032() 

0-9000680 

26 

I -0032006 

0-0068(M)7 

7 

1 0000707 

0-0900293 

27 

1 -0034720 

0-006.5301 

8 

1*(KM)124I 

0-9008750 

28 

l-(HKi7546 

0-0062594 

9 

1(XK)1917 

0-9008084 

29 

1-(K)404.55 

0-0050708 

10 

J(M)02730 

O-0007271 

.30 j 

i 1-(K)4,34.56 

0-0056732 

11 

1 -0003678 

0-0096324 

31 I 

: 1-(M 46.546 

! ((-00.53670 

12 

1-(XK)4756 1 

0-900524<» 

32 i 

1-0(40724 

0-9950522 

13 

J-rK)06962 ! 

0-9904041 

33 ! 

1-0052080 

0-9047200 

14 

1-0007292 ! 

0-0902713 

34 ! 

1-(M).56.341 1 

0-9043975 

15 

: 1-(X)08744 1 

0-0991264 

35 1 

1 -(K)50777 

0-0940578 

16 

1-(X)10314 1 

0-9989697 

36 

1-(K)6.3297 

0-0937101 

17 

1-(K)12000 

0*9988014 

37 

1 (X)66890 

0-9933.545 

18 

1-(X)13799 

0*9986220 

1 38 

1-0070584 

0-9929911 

19 

1-0015709 

0-9984315 

39 

i 

1-0074.349 

0-99262(K) 


number of cubic centimetres of water which must be subtracted from or added 
to 1000 c.c. of water to give the volume of distilled water at f, in order to fill 
a litre flask calibrated at 15"^, is indicated in the following table ® (Table VL). 
The data have been calculated from the preceding Table V.^ 

Table VI, — Reduction for the Change of the Apparent Volume of a Litre 
of Water with Temperature, (Standard temperature = 15*^'.) 


Temp. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 






+ 0-63 

+ 0*62 

+ 0*60 

+ 0-.57 

+ 0*53 

10 

-foUs 

-fbUl 

+ 0*32 

+ 0-22 

+ 0 12 

Zero. 

-0*13 

-0*28 

-0*43 

-0*60 

20 

-0*77 

-0*96 

-1-16 

-1*37 

-1*,58 

-1-81 

- 2*05 

- 2*30 

-2*57 

-2*82 

30 

-3*10 

-3*38 

-3*67 

-3*97 

-4*28 

-4-60 

-4*93 

-5*27 

-.5*61 

-5*96 


^ The value for glass used in volumetric work ranges from 0000023 to 0*000028, 
according to the nature of the glass. The figure 0*000026 is often used as the average value, 
but the error introduced by these variations is negligibly small. 

* M. Thiesen, K. 8 cheel, H. Bisselhorst, Wiaa, j»hys. tech, Jteich.^ 3 , 1 , 1901. 

* For a table based upon some older data, see P. Casamajor, Joum, Amer, Chem, Soc,, x, 
188, 1876; 2, 19, 1877; Chem, News, 35 , 160, 170, 1877; 38 , 137, 1879, See also W, SchlOsser, 
Zeit. angew, Chem,, 17 , 963, 977, 1004, 1904 ; 2X, 2161, 1908; Chem, Ztg,, 29 , 609, 1904; 
Zeit, anal, Chem,, 46 , 392, 1907; H. L. Payne, Jaurn, Anal, App, Chem,, 6 , 326, 1892. 

The standard temperature for British volumetric glassware was fixed in 1934 at 20*^ C, 
(international temperature scale); see British Standards JnstitiUiim, Report No, 654, 1934. 
With this new temperature of reference, another table can readily be compiled from the 
above. For instance 16® becomes +0*77 and 26® -1*04, 
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The use of Table VI. may be illustrated by the following examples; 

Examples. — (1) 25 cm, of water are measured in a burette at 28°: what is this 
volume at the standard temjjerature, 15° ? From Table VI. it follows that since 
1(K)0 c.c. require a correction of - 2-57 at 28°, 25 c.c. will require a correction of - 0*06. 
Hence, 25 ~ 0 06 = 24*94 c.c. is the required volume. 

(2) What is the volume at 15° of a litre of water measured in a flask at 10°, and 
also at 18° ? From the table, the correction for 1000 c.c. at 10° is +0-48, and at 
18°, --0*43. Hence the required volumes are 1000 + 0-48 = 1000-48 c.c. at 15°, and 
1000 - 0-43 = 999-57 c.c. at 18°. 

Table VI. thus represents the volume which a litre of water alters in a 
glass vessel when its temperature changes from 15°. If the prevailing 
temperature does not difft^r by more than, say, 3° from the standard temper- 
ature, the changes may be ignored. The corresponding corrections for 0-1 N 
and 0-2N solutions differ so little from the values for pure water that Table VI. 
can still be used for such solutions.^ Normal and still more concentrated 
solutions require special tables, since the deviations are then greater— see, for 
example, Tables XI. and XXXI. 

In weighing a litre of water in a glass vessel, the most important source 
of error arises from the variation of temperature. A difference of 1° will 
give a difference of 0*18 c.c., corresponding with 0*018 per cent. A variation 
of the barometer of 15 mm. of mercury will affect the measurement by 0*001 c.c. 
Hence, barometer variations can generally be neglected. 

§ 13. The Litre and its Subdivisions. 

Owing to the great difficulty in measuring directly the relation between 
cubic capacity and the unit of length, the International Committee of Weights 
and Measures,^ in 1880, recommended that the word “litre” be used to 
represent “the volume of a kilogram of pure water at its maximum density”; 
and in 1901 this definition was amplified to read: “The litre is the volume 
occupied by the mass of one kilogram of pure water at its maximum density 
and under normal atmospheric pressure.” ® The litre so defined is a little 
larger — about 0*027 c.c. — than a cubic decimetre. Evidently, then, the cubic 
centimetre is not really the thousandth part of a litre, but a little smaller than 
the thousandth part. 

In view of this discrepancy, the Joint Committee for the Standardisation 
of Scientific Glassware unanimously recommended^ that “the recognised 
international metric units — the ‘litre’ (1.) and ‘millilitre’ or thousandth part 
of the litre (ml.) — shall be used as the standard units of volume, and that 
standard volumetric glassware shall be graduated in terms of these units and 
marked ‘ml.’ instead of ‘c.c.’” 

Since, as stated above, 1 litre = 1000-027 c.c., “the difference between the 
cubic centimetre and the millilitre is so small as to be negligible for ordinary 
volumetric glassware; the difference in capacity between a 1000 c.c. flask 


^ H. Pellet, Ann, Chim, anal,, 20, 97, 1915. 

* Procis-Verdaux Comiti Int&mat, Pends et Mesures, 30, 1880; 175, 1901; P. Chappius, 
ib„ (2), 2, 72, 1903; J. M. de Lepinay, Joum, Phys„ (3), 5, 477, 1897; D. Mendel^eff, Proc. 
R&y, 80 c., 59, 143, 1895; W. Sohlosaer, Zeit, angew, Chem,, x6, 960, 1903; Report Intemat, 
Cong, Applied Ohem,, 6, 1, 1906. 

^ • The temperature of maximum density is not defined — ^it appears to be a shade under 
4 C.—nor does the definition make any reference to weighing in vacuo. In the calculations 
It is assumed the weighings are in vacuo, 

^ Report No. L I» 1^24. See also Brit, Standards Inst, Report No. 501, 1933. 
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and a litre flask, for example, is less than the observational errors liable to 
arise in the ordinary use of either flask.” ^ Consequently, the change-over 
from cubic centimetre to millilitre has not been made in the revision of this 
work, particularly as a consistent nomenclature has been used throughout. 

Unfortunately, there are a number of different litres used in laboratories. 
The more important are the following: — 

(1) Normal litre . — The volume of 10()0 grins, of air-free water (weighed 
in vacuo) at +4°. If, therefore, the litre flask is marked correctly at +15*^, 
this means that at a temperature of 15*^ the capacity of the flask is the same 
as the volume of a kilogram of water at +4'^. This is the normal, true or 
international litre used in this work.^ 

(2) MoA/s litre . — The flask contains the same number of grams of water 
(free from air) at the specified temperature as the number of cubic centimetres 
or grams stated on the flask. For instance, the Mohr’s litre is “the volume 
occupied by a kilogram of water, at 17*5^, when weighed in air with brass 
weights.” ® 

The Joint Committee also suggested^ that in future the unit of volume 
on Mohr’s system shall be designated by the letters “G.W.A.,” this being an 
abbreviation for “grammes of water in air.” The Committee defines the 
G.W.A. unit as follows: - “A quantity of water which weighs 1000 grammes 
in air of density 0*0012 grm./ml. when weighed against brass weights of 
density 8*4 grm./ml. occupies a volume of 1002*021 ml. at bcr F. ” This volume 
differs from 1002 ml. only by two parts in a hundred thousand, which is 
negligibly small in comparison with the tolerances allowed on volumetric 
glassware and the accuracy attainable in the ordinary use of such glassware. 
Hence the Committee on grounds both of convenitmee and ]>recision have 
adopted the definition . . . “ I0(K} G.W.A. == I(X)2 ml.” 

It matters very little, in analytical work, which litre be adopted, but it is 
necessary to keep rigorously consistent to the one system in all volumetric 
apparatus such as burettes and pipettes. This matter is serious enough to 
require emphasis, since apparatus, if not specifically ordered, may be supplied 
by the dealers, at different times, graduated according to different systems, 
and mixed graduations may thus be introduced on one bench. The figures 
quoted above show the magnitude of the error which would be introduced 
in confusing the different systems. 

Standard Temperature . — It would be exceedingly inconvenient, if not 
impossible, to weigh exactly a kilogram of water at +4” in vacuo; nor is it 
practicable to work at -f 4°. Some other more convenient temperature must 
be selected, and the necessary corrections made. In this work, 15*^ is supposed 
to be the standard temperature.^ This temperature is recommended by the 
Kaiserliche Normal-Echungskommission (K.N.B.K.),® Berlin; was 


^ Beport No. 1, 4, 1924. 

* At 15°, therefore, this litre does not represent 1000 grins, of water, but rather 
999*1204 grms. 

® F. Mohr, Zeit. anal. Chem., 7, 285, 1808; H. Beckurts, Die Methoden der Massar^yse, 
Braunschweig, 42, 1910. Mohr made no allowance for variations in the atmospheric conditions. 

* Beport No. 1. 6, 1924. 

^ The tables can, of course, be modified for other appreciably different climates. If the 
flasks, etc., were cooled for weighing, there would be a danger of the deposition of moisture 
on their surface. 

* Zeit. angew. Chem.f 6 , 557, 1893; L. A. Fischer, Jmrn. Amer. Chem. Soc.f 20, 912, 1898; 
C. Laurent, Bull. 80 c. Chim. Nord France, i, 1891; H. Ost, Chem, Ztg., 14, 1747, 1899; 
W. Fresenius, Zeit. amxU. Chem., 30, 461, 1891; A. Classen, TheofU und Praxis der Mass^ 
analyse, Leipzig, 64, 1912. 



THE MEASUBEMENT OF VOLUMES, 


25 

recommended by Mohr,^ and by Treadwell; 18*^, by Lund6n; ^ and 20” is 
recommended by Wagner,® and the U.S. Testing Laboratory.^ The Chemical 
Divisional Council of the British Standards Institution has recently decided 
to adopt 20° (international temperature scale) as the standard temperature 
for British standard volumetric glassware.® The right choice should be 
determined by the prevailing temperature of the laboratory. Apparatus 
intended for working in warm climates may be graduated for 20°, 22°, or 25°; 
and 15° or 17*5° for cooler climes. 

From the discussion on page 24 it is easy to find what amount of water 
must be weighed at any given temperature to have a volume equal to the 
volume of a kilogram of water at +4°, given the specific gravity of air, say, 
0-0012 kilogram per litre; the specific gravity of the brass weights, 8-4; the 
coefficient of cubical expansion of glass, 0-000025. Let S denote the specific 
gravity of water at f° — Table V. To find what amount of ivater at any specified 
temperature must he. weighed in air with brass weights to give a normal litre. 
Since a kilogram of water at +4° weighed in vacuo occupies 1 litre, it follows 
from the discussion on page 15 that a litre of water will weigh 

w = S - 0-001 2( 1 “ ) kilogram . . . ( 1 ) 

when weighed in air with brass weights. But a flask exactly 1 litre at 15° has 
a capacity of 1 +0-00002r)(^ - J5) litres at /°. Hence, it is necessary to weigh 

W ~ f 1 f 0-(XM)025(/ - 1 5)] - 0-001 2( 1 - ) kilogram . (2) 

at /° in order to find what the capacity of the flask would be if the water had 
been weighed in vacuo at 4° with brass w^eights. 

Example. — What amount of water must be weighed in a flask at 15° in order that 
a mark can be made on the neck of the flask to reprc^sent the volume of a kilogram 
of water weighed at 4° in vacuo'i From Table V., page 22, <S'— 0-9991264, and 
Substitute these numbtjrs in the preceding formula (2). We get a weight 0-998069 kilo- 
gram. In practice, therefore, the flask is counterpoised on the balance, a kilogram 
weight is placed on the right pan, and 1000 - 998-069 = 1 -931 grms. on the left pan. Vffien 
the flask (on left pan) has sufficient water to restore equilibrium, the volume of the water 
in the flask represents the volume of a kilogram of water at 4° when weighed m vacuo. 

In order to avoid the labour of calculation, Schlosser ® has computed a 
table of values ranging from 5° to 30-9°, referred to air and w^ater at 15°, and 
the barometer at 760 mm. 

§ 14, Meniscus, Parallax Errors and Burette Floats. 

Parallax Errors. — In reading the level of liquids in burettes and pipettes, 
the lower boundary of the dark meniscus is taken as the normal reading. 
Parallax errors must be carefully watched. If the eye be not in the same 

^ F. Mohr, Lchrbu/ch der chemisch-analytischen Titriermethoden, Braunscjhweig (H. Beckurts’ 
edition), 42, 1910; P, P. Treadwell, Kurzea Lehrbuch der analytischm Chemie. Leipzig, 2, 
432, 1911. 

* H. Lund^n, Svmak Kent. Tids., 24, 96, 1912. 

* J. Wagner, Zeit. phys, Chem.^ 28, 193, 1899. 

* Cirmkir, Bureau of Standards, 9, 2, 1904; N. S. Osborne and B. H. Veazey, Bull, Bur. 
Standards^ 4, 553, 1908. 

’ BepoH No. 554, 1934. 

* W. Schldsser, Zeit, angew. Ckem.^ 16, 960, 1903; Chem. Ztg., 27, 4, 1904. 
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horizontal plane as the meniscus, BB* (fig. 7), the reading may be either too 
high or too low. For instance, if the eye be looking in the direction AA' the 
reading will be too high; and if in the direction CC\ the reading will be too 
low. The direction BB' gives a correct reading free from parallax. In the 
diagram, the correct reading is 30*0 c.c. ; the two readings affected by parallax 
errors are AA\ 30*3 c.c., and CC\ 29*85 c.c. If the mark to be read encircled 
the burette, the eye would see only one horizontal line when at the proper 



level for reading. The marks rarely encircle the burette and some auxiliary 
is therefore needed.^ 

Meniscus Screens, The level of the meniscus is made more distinct by 

placing the burette so that it has a white wall as background and shading the 
light from below by holding two fingers behind the burette just below the 
meniscus, 2 or Mohr’s simple and effective plan of holding a piece of paper, 
partly blackened, with the blackened portion just below the meniscus, as 
illustrated in fig. 8.® 

Burettes made to Accentuate the Meniscus. — Rohrbeck’s burettes (fig. 9), 
made with a flat instead of a circular tube, make errors due to parallax less 
likely. The meniscus with these burettes comes out very clearly. Schellbach ^ 
recommends the use of burettes with two narrow white enamel longitudinal 
strips separated by a dark-coloured (blue) strip down the back of the burette. 
A fine point appears symmetrically placed between the strips at the 
boundary of the meniscus (fig. 10) ® when the eye is in the right position for 


^ A reading lens is often a great help in exact work. 

* B. Reinitzer, ZeM. angew. Chem., 7 , 547, 573, 643, 1894. 

* J. H. M‘Mahon {Chem. News, 45 , 109, 1882; F. A. Gooch, Amer, J. Science, (3), 44 , 
239, 1892; P. Kusnetzoff, Zeit. anal. Chem., 46 , 515, 1907; A. PrinzJ, Dent. Amer, apoth, 
Ztg., 4 , 637, 1885; Kohler, Brit. Pat., No, 10936, 1903) recommends a small mirror on the 
surface of which are pasted two parallel strips of black paper each, say, 2 in. long and 4 in. 
wide, with a space about i in. wide between them. When reading, place the mirror benind 
and in contact with the burette, in such a position that the reflection of the eye can be seen 
in the space between the strips of paper. This ensures the eye being at right angles to the 
burette; J. F. Saeher, Chem. Ztg., 55 , 622, 1911. 

* P. Schellbach, Chem. Ztg., 8, 1515, 1885; J. Milbauer, ih., 35 , 419, 1911 ; J. F. Baoher, ib., 
35 , 622 , 1911 ; G. Goetze, Zeit. anal. Chem., 50 , 373, 1911. It wiU be noticed that Bchellbach's 
burette does not read the lowest level of the meniscus. 

* Vernier burettes— C. Meineoke, Chem, Ztg., 16 , 792, 1892; A. F. Reid, Chem. News, 65 , 
125, 1892. 
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a reading. If the eye be too high or too low, the point does not appear sharp, 
but is more or less ill-defined and blunted. A few minutes’ trial will soon show 
that there is a fairly wide range of height and depth within which the point 



Fio. 8. — Mohr’s Shaded Screen. 


Kio. 9. — Hohrheck’vS Burette. 



Eyo too low. 



Kye correct. 


Fio. 10. — MenisKuis Errors. 



Eye too high. 


would be adjudged correct for a reading. In spite of this, these burettes are 
much used.^ 

Gockers screens ^ (fig. 11) are quite satisfactory for reading the level of 
opaque liquids, and for avoiding the parallax errors in other solutions. The 
Gockel screen is a blackened clamp which grips the burette two or three milli- 
metres below the level of the meniscus. The blackened part cuts off extraneous 
light from below, and leaves a sharp boundary-line at the meniscus. A sheet of 
white paper held behind the burette or fixed to the Gockel’s screen, as shown 
in the diagram, still further emphasises the meniscus. A reading is made with 
the eye placed so that the front and back edges of the screen coincide. 


^ Some testing stations refuse their imprimafur on these burettes. 

» H. Chem. Ztg., 27, 1036, 1903; .1, Bergmann, ii, 853. 1898; G. Lunge, 

ZnU mgm, 17, 198, 1904; O. Kottnmyer. Ztit. anal. Chem., 30, 327, 1891: L. S. 

Pratt, Joum. Amer. €hem. Soe., 37, 1730, 1916; W. P. White, 16., 57, 332, 1936. 
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Burette Floats . — Cylindrical floata arranged to swim on tlie surface of the 
liquid in the burette are marked so that the juxtaposition of the mark on the 
float with the graduations of the burette gives the required reading. The 
floats are supposed to eliminate dangers from parallax errors and troubles 
with the meniscus. The ordinary Erdmann’s float ^ is a plain cylinder. It 
has a tendency to stic k to the inner walls of the burette and is also inclined to 
assume an oblique position in the burette if it is not perfectly weighted. The 
simple float has therefore been condemned. Volhard placed a number of glass 
.spines over the outer wall of Erdmann’s float with the idea of preventing the 



II. — (lockel's »Scn*(‘ii. 


float sticking to the inner walls of the hnretto. BoutelTs floats ^ give good 
results provided that they are so weighted as to swim vtjrtically in the liquid. 
It is possible to read to O'Ol c.c. in a good burette with a g<iod BeutelFs float — 
provided the bore of the tube is not too wide and the burette is suitably 
graduated. This float sticks to the side of the ])urette when the burette is 
emptied and therefore, when the burette is to be refilled, the float must be 
taken out, carefully cleaned, and returned to the liquid. Diethelin ^ added an 
extra bulb to Beutell’s float to make the removal of the float unnecessary every 
time the burette is refilled. In Key’s float, a small second bulb projects above 
the surface of the liquid and carries a mark. Hence, this float can be used for 
opaque liquids and dark-coloured solutions.^ The mark on the bulb above 

1 O. L. Erdmann, Journ. prakt. Chem., (1), 71, 193, 1857; J. Volhard, Leibig's Ann., 176, 
240, 1876; A. Schulze, Zeit. anal. Chem., 21, 167, 1882; 26, 626, 1887; A. Gawaloveki, t6„ 
38, 237, 1899; 22, 240, 1883; R. Benedikt, Chem. Ztg., 16, 217, 1892; N. Wolff, i6., 13, 389, 
1889; F. Musset, Pharm, Ce'ntr., (3), 16, 459, 1885. C. Meissner {Ohem, Centr., (3), 18, 136, 
1887) has a float fitted with a thermometer. 

® A. Beutell, Zeit. anhgew. Che/m., 2, 8, 1889. 

® B. Biethelm, Chem. Ztg., 26 , 607, 1902; H. Rey, Per., 24, 2098, 1891 ; L. W. Andrews, 
Zeit. anorg, Chem., 26, 179, 1901; J. Wagner, Zeit. phys. Chem., 28, 193, 1899; P. Kreitliiig, 
ZeU. angew. Chem., 13, 829, 990, 1900; 15, 4, 1902; W. Schlfisser, ib„ 16, 953, 962, 977, 
1004, 1903; G. Lunge, ib., 13, 936, 1900; H. Thiele, ZeiL dffent. Chem., 6, 172, 1902. 

* With highly coloured solutions, such as permanganate, a simple and effective plan is 
to hold a few inches of lighted taper behind the meniscus. By adjusting the position of the 
flame the lower edge of the menisous can clearly be seen. 
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the surface of the liquid is used for reading the differences of level of the liquid in 
the burette. The principal objection to floats is the difficulty in getting them 
properly weighted. A float which works satisfactorily with one liquid may 
be quite unsuited for another. There is an element of chance in purchasing a 
good float.^ 

§ 15. The Calibration of Standard Flasks. 

Just as in gravimetric work the accuracy of the weights is not to be taken 
on trust, so must exactness of the measuring apparatus in volumetric analysis 
be established by trial. It is not at all uncommon to find that the weights in 
a laboratory have been the subject of wise scepticism, while the volumetric 
instruments have been accepted with blind faith, and conversely. It matters 
little what litre be adopted as a standard, but it is of the greatest importance to 
have the pipettes^ burettes and measuring flasks rigorously consistent with one 
another, Tlie litre flask, for example, must hold 10 times as much as the 
1(X) c.c. flask; 20 times as much as the 50 c.c. pipette; 2(X) times as much as 
the 5 c.c. pipette: etc. 

The National Physical liaboratory calibrates all types of volumetric glass- 
ware, although some chemists prefer to test or calibrate their own apparatus. 
True, this may not be done with the ])recision exercised by officials accustomed 
to the work with every facility close at hand; but pipettes and burettes may 
be quite satisfactorily calibrated with the regular laboratory outfit.^ The 
calibration of litre flasks needs a balance large enough to weigh a kilogram of 
water, and sensitive enough to indicate 0*02 grm. An ordinary analytical 
balance will suffice for small flasks.^ 

A litre flask with a long cylindrical neck, between 14 and 20 mm. in diameter, 
is thoroughly cleaned ^ and dried. The empty dry flask is balanced by a suit- 
able tare. Fill the flask with distilled water until the lowest point of the 
meniscus is in the same horizontal plane as the mark on the neck. Let the 
flask stand in the balance case until the temperatures of the air and water are 
within U. Adjust the level of the water in the flask. Remove any excess of 


’ For the use of the nonius or vernier with burettes, sec F. Friedrichs, Zeit. angew, 
Chem.f 29, 34.3, 1916. 

* As a rule, the analytical chemist cannot spare much time for calibrating his apparatus, 
and the cost in time w ill be greater than the charge made by the National Physical Laboratory, 
which has every facility for doing the work quickly, 

* H. N. Morse and T. L. lllalock, Anier, Chem. Jouni,, 16, 479, 1894; A. Gawalovski, 
Oiein, Centr., (3), 10, 230, 1879; A. l>emichel, liev. Anal. Vhim., 5, 1897; A. Mulder, Chem. 
WeMlad, s, 8:i0, 1908. 

* Cleaminq Volumetric ArcARATUs. — Grease is the great foe of accuracy in volumetric 
work. Thorough freedom from grease is very important. The smallest trace of grease may 
distort the meniscus and alter the amount of water retainetl as a film on the glass. The 
error so introduced may amount to 0-01 to 0-04 per cent., according to the method used in 
cleaning the vessel. clean fiasks, piiwttes or burettes, w'ash the vessel thoroughly with 
a concentrated aqueous solution of caustic soda; rinse with whaler; w'ash with a solution of 
chromic acid or potassium dichromate in sulphuric acid; and thoroughly rinse with distilled 
water. Fiasks, etc., seem gradually to acquire a greasy film on their inner surface while in 
use. In some cases, the grease can be traced to the contamination of the distiUed water by 
the oily packing between the “worm” and ‘‘still-head’* of the still. If grease be absent, the 
surface of the glass will remain covered with a continuous film of water until all is removed 
by evaporation. If the w^ater collects in drops instead of adhering as a continuous film, the 
vessels are greasy and want cleaning. A rapid method for removing grease is to wash thoroughly 
with pure acetone, allow^ to drain, «md then wash with distiUed water. W. O. Atwater and 
C. B. Woods, Joum. Anal, App, Chem., x, 373, 1887; 0. Mohr, Chem, Ztg.y xi, 561, 1887; 
W. Glenn, Joum. Amer, Chem, Soc,^ 22, 302, 1900; J. Walz, Dingier" s Joum., 207, 427, 
1873. M. Vandevyver {Mev, Anal, Chirn,, 5, 1897) shows that the errors due to variations 
in surface tension are reduced to a minimum if perfectly clean vessels are used. 
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water by a piece of capillary tube. Do not allow drops of water to adhere to the 
interior of the neck of the flask; if any should be present, they may be removed 
by means of a piece of filter paper tied round the end of a glass rod. Weigh 
the flask and contents. Take the temperature of the water with a thermometer 
reading to 0*1°. The mean of three weighings may be taken as the correct value. 

Suppose the mean of three weighings to be 998*95 grins, (brass weights in 
air); temperature of the w'ater 15°; barometer, 750 mm. Since the average 
weight of a litre of moist air at 15° and 750 mm. is 1*20 grins., the water in the 
flask — by formula (3), page 19 — will weigh 998*95 + 1*20- 1 OCX)* 15 grins. The 
brass weights have probably been adjusted for weighing in air. 1 n that case, we 
neglect the air displaced by the weights. If the weights have been reduced to 
weight in vacuo, we must make an allowance as indicated on page Ifi.^ It is 
not necessary to have the temperature of the water just 15°. When we know 
the weight of a given volume of water under any conditions of temperature, 
it is easy to calculate the corres])onding amount of water for any standard 
temperature from Table V., ])age 22. 

The ‘‘error” allowed by most of the testing stations for measuring flasks 
is as follows :- ~- 

Capacity .... 50 l(K)-250 300 5(X) 5001000 2000 c.c. 

Permitted error (Contain) 0*05 0*1 0*15 0*3 0*5 c.c. 

Permitted error (Deliver) . 0*1 0*2 0*3 O-fl 1*0 c.c. 

§ i6. The Drainage or Afterflow from Measuring Vessels. 

The drainage of measuring apparatus is of great importance. Schlosser ^ 
has established a relation between the time the discharg(* is stopped and the 
amount— afterflow — subsequently drained from the sides. The drainage is 
greater the more rapid the dis(‘harge of the liquid. When the discharge from 
a burette was 0*7 c.c. per second, the afterflow during the first two minutes after 

stopping the outflow was found to be about 0*05 c.c. When the time of the 

discharge from the burette was changed from 65 to 125 seconds, a decrease of 
0*05 c.c. in the volume of the afterflow was obtained. Hence, if ()*()5 c.c. of the 
standard solution will appreciably affect the result, it is necessary to work under 
standard conditions, and pay attention to the time of outflow of all apparatus 
marked “Deliver” (“Ausguss”) — burettes, pipettes, flasks, etc. 

The rate of outflow for burettes and measuring pipettes is limited by the 
size of the tip, and it is usual to make the tip so that the time of outflow is 
not greater than three minutes, nor less than the numbers indicated in the 
following table: — 

Length graduated 65 60 55 50 45 40 35 30 25 20 15 c.c. 

Time of outflow . 140 120 105 90 80 70 60 50 40 35 30 secs. 

When titrating and standardising burettes, it is well to wait a couple of 
minutes ® before every reading in order to give the sides time to drain. 

^ An error of 0*1 in the density of the brass weights (8*4) will produce an error of about 
0*0017 grm., that is, 0*0(X)17 per cent. 

* W. Schlosser, Zeil. angew. Chem., i 6 , 953, 977, 11K)4, 1903; N. 8 . Osborne and B. H. 
Veazey, Bull. Bur. Standards, 4 , 553, 1908; T. Milobendzki, Zeit. anal. Chem., 46 , 20, 1907; 
G. Jones and R. E. Stanffer, Journ. Amer. Chem. Scfc., 59 1630, 1937, G. G. Povarnin 
{Journ, Buss. Pkys. Chem. Soc., 46 , 1898, 1914) coats the inner surface of volumetric 
apparatus with a layer of pure paraffin to avoid adherence of drops of liquid to the 
suriace of the glass; it also lessens the attack of alkali solutions on glass. It cannot be 
used for iodine or alcoholic alkali solutions, 

® H. von Jiiptner (Chem. Ztg., 8 , 1706, 1885) recommends three minutes’ drainage for 
alcohol and water. vSee also T. Milo^ndzki, Zeil. anaL Chem. 46 , 20, 1907. 
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The amount of liquid which adheres to the walls of a l)urette or other 
vessel is dependent upon (1) the viscosity of the liquid; (2) the adhesion of 
the liquid to the walls of the vessel; which in turn depends partly upon (3) the 
cleanliness of the walls; (4) on the surface exposed to the liquid; (5) on the 
rate of outflow from the jet of the burette ^ or pipette. 

In illustration, contrast alcohol with concentrated sulphuric acid. Again, 
a pipette which delivered 100 c.c. of water at after draining for 10 seconds, 
and then touching the surface of the delivered liquid with the point of the 
pipette, 2 delivered the volumes indicated in the accompanying Table VII. 
when the solutions indicated were used in place of water: — 


Table V 1 1. - Effect of the Nature of the Liquid on the Volume 
Delivered by a Pipette. 


Solution. 


j Spedfio 
I gravity. 


V'olume 

(iclivorvd. 


Zinc siilphaif . . . . . 1 

1-4246 

99-52 

Ammonium sulphate . . . . I 

l-2r)(K) 

99-73 

Sodium chlori<le . . . . . | 

1-2072 

99-75 

Potassium chloridt* . . . . j 

1-1812 

99-82 

Ammonium chloride . . . . j 

J-0724 

: 99-95 I 

Water j 

1-(K)(M) 

100-00 j 

i 


Hence it is obvious that a pipette graduated for water delivers a sensil)ly 
different volume when applied to other liquids. Pipettes may be used inter- 
changeably for solutions not exceeding normal concentration provided the time 
of outflow be the same as that allowed for pure water. But a pipette or 
burette delivering a volume of liquid which differs appreciably in density from 
water .requires a special calibration wdth that particular liquid in place of 
water. 

According to Schlosser,^ the effect of temperature on the drainage is 
negligibly small between 15^ and 30°. 

§ 17. The Calibration of Pipettes. 

It is generally cheaper to purchase ungraduated pipettes and mark them 
according to the following scheme.^ First thoroughly clean the pipette as 
indicated in footnote 4 on page 29. Fasten a narrow strip of paper longitudin- 
ally to the upper part of the tul)e. Tare a small beaker of w^ater on the balance 
and suck water from the beaker into the pipette until the beaker has lost the 
necessary amount of water for the capacity of the pipette. Mark the position 
of the lower level of the meniscus with a lead pencil on the paper strip. Run 
the liquid into a weighed stoppered flask. Hold the pipette vertically during 
the outflow and let it drain 15 seconds. Remove the suspended drop by 
contact with a wet surface (side of flask) and include it with the delivered 

^ J. Mulder, Die Silberprobirmdhode, Leipzig, 1859. 

* R. R. Tatlock, Chem. News, 23 , 14, 1871; A. Schulze, Zeit. anal Chem., 21 , 167, 1882; 
W. Schldaser and C. Orimm, Chem, itg., 30 , 1071, 1906. 

® W, SchlOsser, Zeit. anal. Chem., 46 , 392, 1907; W. Schlosser and C. Grimm, Chem. Zlg., 
30 , 1071, 1906. 

* P. OloweB, Joum, 80 c. Chem. Ind., it, 327, 1892. For the graduation of glass vessels, 
C, Foord, Chem, News, 3 <>) 191, 1874; M. C. I^ea, Amer. J. Scienee^ ( 2 ), 42 , 373 , 1866; 
R. Bunsen, Qasometriche Methoden, Braunschweig, 28, 1877. 
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amount.^ Weigh the flask and its contents. If the amount of liquid delivered 
from the pipette be too large, or too small, mark the paper below or above the 
first mark, and repeat the filling and weighing until finally the weight of liquid 
discharged from the pipette is exactly the amount desired at the stated tem- 
perature. The pipette may be marked with a writing diamond, the paper 
removt»d and the pipette marked all round with the diamond, or the mark may 
be etched with hydrofluoric acid. Now verify the ac^curacy of the graduation 
by filling the pij)ette as before.^ 

The ‘‘error*’ in pipettes allowed by testing stations is usually as follows: — 

Capacity . . . . 1 to 2 10 25 50 100 200 c.c. 

Permitted error . 0*01 0*02 0*03 0*05 0*1 c.c. 

It is easy to buy pipettes far more accurate than this. 

§ i8. The Calibration of Burettes. 

The burette is a most i?n 2 )ortant instrument used in volumetric analysis. 
Burettes can be purchased accurate to 0*02 c.c. A bad burette is a nuisance, 
and is best discarded. To calibrate a burette, fill the burette with distilled 
water at the normal temperature, and withdraw successive portions ranging 
from 2 to 5 c.c. into a tared flask. By weighing these quantities - accurate to 
a milligram — the volume delivered by the burette between any two divisions 
can be readily determined. If a number of burettes have to be calibrated, the 
following procedure, based upon Scheibler's and Ostwald’s methods,^ is 
sufficiently exact, and it will save time. 

A glass j)i 2 )ette is cut from an old pi])ette (about 2 c.c.) and mounted 
with the burette to be tested by means of pressure tubing and a two-way tap, 
as shown in the diagram, fig, 12. Two marks, a and h, res 2 )ectively below 
and abov^e the bulb, are cut or etched on the stem of the pij)ette. The 
pipette and the burette are thoroughly cleaned. After assembling, take care 
that the tubes are quite vertical. The burette, the tube between the burette 
and the tap and the jet of the tap are filled with pure water. Water is run 
into the pipette from the burette until the lower level of the meniscus is in 
the same horizontal plane as the lower mark of the pipette. The burette is 

‘ EMPTViN(i 1*1PETTKS. — I^ipottes may be emptied in at least four ways: (1) the liquid is 
allowed to run from the pipette without touching the pipette against the sides of the vessel; 
( 2 ) by blowing out the last drop (Ostwald) — this method is useful in dealing with capillary 
pipettes; (3) by touching the point of the pipette against the surface of the solution; and (4) 
by touching the point of the pipette against the side of the vessel (a) all the time the pipette 
is emptying, (d) at the end of the discharge (Fresenius; Treadwell). The same method of 
work must be employed when the pipette is in use as is employed during standardisation. 
H. Gockel, Ohem. Ztg., 25 , 1084, 1901; 26 , 159, 1902; Zeit, angetv. Chem,^ 15 , 707, 1902; 16 , 
49, 562, 1903; W. Schlosser, ih., 16 , 977, 1903; L. A. Fischer, Jaum. Amer. Chem. Soc., 20 , 
912, 1898; N. S. Osborne and B. H. Veazey, Bull. Bur. Standardsy 4 , 553, 1908. 

* C. B. Williams, Journ. Amer. Chem. Soc., 24 , 246, 1902. 

» C. Scheibler, Journ. praht. Chem., ( 1 ), 76 , 177, 1859; W. Ostwald, ib., (2), 25 , 453, 1882; 
W. Ostwald and R. Luther, Aufijiihrung physiko-chemiacher Me^sungen, Leipzig, 87, 1894; 

T. W. Richards, Jemm. Amer. Chem. Soc., 22 , 144, 1900; H. N. Morse and T. L. Blalock, 
Amer, Chem. Journ., 16 , 479, 1894; D. W. Horn and E. M. van Wagener, ih., 30 , 196, 1903; 

O. von 8 pindler, Schweiz. Woc.h. Chem. Phirm., 46 , 145, 1908; L. W. Andrews, ib., 28 , 
491, 1902; D. W. Horn and E. M. van Wagener, ib., 30 , 96, 1903; H. L. Payne, Journ. Anal. 
App. Chem., 6 , 326, 1892; M. J. C. Boot, Rec. Trav. Paye-Bas., 13 , 417, 1894; D. Carnegie, 
Chem. News, 64 , 42, 1891. W. Ostwald (/.c.) and A. S. Cushman (Journ. Amer. Chem. Soc., 23 , 
482, 1901) use a pipette with the upper stem graduated. The error is read directly on the 
graduated stem of the pipette every time the pipette is filled with, say, 2 c.c. of liquid from 
the burette. This pipette is easily obtained by using one of Cobbett’s pipettes instead of 
that indicated in the text. For calibrations with mercury, C. A. Bell, Proc. Chem, Soc., I7f 
179, 1901; Chem. News, 83 , 21, 1901. 
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filled to zero. Water is run from the burette until the pipette is filled to the 
mark h. Read tin? burette. Tin’s water is then disehar^^ed from the pipette. 
The fillin^^ and emptying of the pi])ette is eontinued until insufficient water 
remains in the j^raduati'd j>ortion of the burette to fill the })ipette. The 



Fl(.{. 12. ---Calibralion of a llurettf. 

burette is read eatdi time the })ipette is filled. Two minutes are allowed for 
drainage, as indicated above. 

Suppose that the oO c.c. burette has filled the pipette 16 times, and, as 
a mean of three comparisons, the burette reads 49*64 c.c. The burette is 
then refilled, and exactly the same amount of w’^ater is run from the burette into 
a weighed 6ask. The weight of water gives the necessary data for calculating 
the volume of the ])ipetle. Suppose we get a weight of 49*64 grms. at 18*5°. 
From the table, page 22, we see that the density of water at this temperature 
is 0-9985, and its volume is therefore 19*64 0*9985=^49*71 c.c. Hence, 

49*71 

Volume of water in pipette (18*5^)== j — =3*107 c.c. 

Sup])ose that the numbers in the second column of Table VTII. represent the 
successive readings of the burette under the conditions just indicated. The 
numbers in the third column of Table VIII. will re 2 )resent the corresponding 
volumes, that is, the product of 3*107 with the corresponding number in the 
first column. The fourth column gives the error of the readings indicated in 
the second column. 


3 
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Table VIII. — Burette Corrections — Burette No. 5. 


Numlw of 
reacbng. 

llurette reading. 

Corrected burette 
reading. 

(!orrections. 


c.c. 

c.c. 

c.c. 

1 

311 

3-11 

0-(K) 

2 

0-20 

6-21 

1 0-01 

:i 

9-28 

9-32 

-*^0-04 

4 

12-39 

12 43 

^ 0-04 

5 

15-51 

15-53 

4-0-02 

(> 

18-01 

18-64 

4-0-03 

7 

21-72 

21-75 

+ 0-03 

8 

24-53 

24-57 

+ 0-04 

i 9 

27-92 

27-96 

} 0-04 

10 

31-02 

31-07 

4 0-05 

11 

34-13 

34-18 

-f 0-05 

12 

37-24 

,37-28 

1 0-04 

13 

40-34 

40-39 I 

4-005 

14 

43-44 

43-50 

40-06 

ir> 

46-54 

46-60 i 

+ 0-06 


49-64 I 

49-71 ! 

l (H>7 


These luiiiibers can be plotted on squared pa])er (fig. 13): ordinates, 
corrections (Column 4); abscissae, readings (Column 2). Hence the correction 



for any reading of the burette can be seen at a glance. In the present example, 
the burette reads 49*64 when the corresponding volume is 49*71 c.c. Hence 
that burette reading is to be corrected by +0*07 c.c. Had the corrected 
reading for another burette been 49*59 c.c., the actual burette reading 49*64 c.c. 
would have been corrected by -0*05 c.c. The sign of the correction wants 
thinking over. This burette is unsatisfactory — probably the bore of the tube 
is not uniform. 

The following “errors’* are usually “permitted” at a standard testing 
station : — 

Capacity . . . 1 to 2 2 to 10 10 to 30 30 to 50 50 to 100 c.c. 

Permitted error . 0*01 0*02 0*03 0*05 0*10 c.c. 

For parts of the volume less than half the total content, the limits of error 
are one-half the above. 
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The burette nozzle should be such that the time of delivery of the burette 
does not exceed 100 seconds. Wagner (lx.) thinks that 70 seconds is sufficient 
for the time of outflow.^ It might also be added that Forster ^ noticed that 
burettes which have been used with alkaline solutions increase perceptibly in 
volume. Thus, one is mentioned which changed from 50 c.c. to 51 c.c, after 
being in use for a year. Such burettes must be frequently calibrated.® 


1 L^HRICA^’T.s FOK Ui-Ass STOPCOCKS.- —F. C. I’hillips, Anier. Chem. Soc., 20, 149, 

1898; Chfm, Nnvs^ 78, .‘111, 1898. According to L. L. dt^ Koninck and M. Lejcunc {Bull, 
Hoc. Chim. Be/g., 23, 79, 1909) stopcock burettes for iodine and permanganate solutions may 
be safely greased with vaseline. 

^ 0. Forster, Chew. Ztg.^ 28, 147, 1904. 

^ For general reports on volumetric apparatus, see Milt, der K.N.B.K., 3, 5, 1908; 
Internal. Kong, angew. Chem., 7, 41, 1909. 
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VOLUMETRIC ANALYSIS. 

§ 19. Normal Solutions. 

In voluniotric analysis^ a standard solution of known strength is gradually 
added to a solution of the suhstance under investigation until the reaction 
between the two is cotnpleted. The volume of the standard solution re(iuired 
for this 2)urpose is ])roportional to the amount of the substance in the solution 
under investigation. The two solutions must be of such a kind that the 
reaction takes place quickly and quantitatively. It must also b(‘ possible to 
recognise the end of the reaction. This is frequently indicated by a change in 
colour which occurs in the presence of a third substance, the indicator, 
immediately a small excess of the standard solution has been added.- The 
indicator is usually indifferent to the main reaction. Since a dcfiiiik* amount 
of the standard solution can react with a definite amount of the substance 
under investigation, given the volume of the standard solution, the amount of 
the substance under investigation can be calculated by simple 2>roportion. 

The standard solutions may be of any strength, but it is convenient to make 
them of such a strength that the weight of the dissolved substance, ])er litre, 
bears a simple numerical relation to the molecular weight of the compound. 
A aolntion which contains the hydrogen equivalent weight in grams of an element 
or compound per litre is called a normal solution, written N-solution; a semi- 
normal solution is one-half the strength of a normal solution — OT) N-solution; 
a deciiiormal solution— 0- 1 N-solution - is one-tenth the strength of a normal 
solution; and a ceiitinormal solution — 0*01 N-solution— is one-hundredth the 
strength of a normal solution. 

The “equivalent weight” of a substance is the number of grams of the 
substance which brings into reaction — combination or re])lacement — the 
equivalent of I-0()8 grins, of hydrogen® or 8 grins, of oxygen. To illustrate 
further, the molecular and equivalent weights of HCl, NaOH, NaCl, AgN03, 
NH^CNS and Na28203.5H20 are identical; the equivalent weights of H2C2O1, 
H2SO4, I3a(OH)2 and CaCOg are half the molecular weights; the equivalent 
weight of AsgOg is one-fourth the molecular weight; the equivalent weight of 
KMn04 in acid solution is one-fifth the molecular weight; and the equivalent 
weights of KIO3 and K2Cr207 are one-sixth the molecular weights. 

* Following up some early suggestions by E. A. H. Descroizilles (1802) and L. N. Vaiiquelin 
(1812), J. L. Gay»Lu8sac demonstrated the applicability and utility of volumetric methods in 
analytical chemistry — ^for chlorimetry, 1824; for alkalimetry, 1828; silver, 1832. See L. L. 
de Koninck, Bull. Assoc. Bdg. Chim., 19, 28, 73, 422, 1904; Chem. News, 84, 207, 1901; 
Histoire de la Methods TiiriinHrique, Brussels, 1901; H. Beckurts, Die Meihoden der Mass-- 
analyse, Braunschweig, 1031, 1913. 

® H. Ixjscoeur, Compt. rend., 123, 811, 1896; Chem. News, 74, 285, 1896. 

® The exact value is 1*(X)81, but all calculations in this work have been based on the 
rounded-oif figure of 1'008. 

36 
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It is not always easy to see how the equivalent weight of some of these 
substances is (l(*terniined, hence a few illustrations njay be cited. In titrating 
iodine solutions with sodium thiosulphate, the reaction is represented by the 
symbols: 2Na2S203 + l2==2NaI + Na2>S40^,. Here one molecule of sodium 
thiosul])hatc is equivalent to one atom of iodine, which, in turn, is equivalent to 
one atom of hydrogen. Hence the equivalent of Na2S203.5H20 is numerically 
(*qual to the molecular weight. 

With ])otassium dichromate, in titrating ferrous salts, we have the reaction: 
K2( + 6FeS()4 + 7H2S()4 - K2SO4 + (^2(804)3 + 3Fe2(S()4)3 + 7H2O. This re- 

duces to 30 + bFeO 3PV2^A3* Hence the potassium dichromate furnishes 
thre(‘ atoms of oxygen, which, in turn, correspond with six atoms of hydrogen. 
H( mce the molecuh' of potassium dichroinate is equivalent to six atoms of 
hydrogen, or the equivalent is one-sixth the molecular weight. 

The case of potassium ])ermanganate is a little curious. When ferrous 
sulphate is oxidised by potassium ])ermanganate in acid solution, the equation 

2K Mn04 + l()FeS()4 -f 8H2SO4 = K28O4 + 2Mn804 + bFe2(8()4)3 + HHgO 

re<luces to 

oO + lOFeO^bFegOa 

Or, two molecules of j)otassium permanganate furnish five atoms of oxygen, 
which are equivalent to ten atoms of hydrogen. Hence the normal solution 
of KMn04 will contain one-fifth of the molecular weight, that is of 2 x ir)8'()2() 
=-~- 31 *()()f )2 grins. ])er litn*. In Volhard’s process for manganese, the titration is 
made in neutral solution. The reaction is 

2KMn04 + 3Mn8()4 -f 2 ZnO - bMnOg + K08O4 -f 2Zn804 
which reduces to 

M 11207 -f- 3 MnO - r)Mn02 

Or, two molecules of potassium yiennanganate give three atoms of oxygon, so 
that the normal solution contains ^ of 2 x ] 58 - 02 f) =^ 52*6753 grins, per litre, 
or the equivalent weight is one-third the molecular weight. Hence there are 
two different normal solutions, depending on the particular reaction under 
consideration. Hut potassium permanganate is generally used in acid solution 
and in consequence, unless otherwise expressed, a normal solution of {lotassium 
permanganate is understood to contain 31*6052 grins, per litre.^ 

Again, in titrating stannous chloride with ferric chloride, two molecules of 
the latter give two atoms of chlorine to one molecule of stannous chloride: 

2FeCl3 + SnClg = 2FeCl2 + SnCl4 

Hence one molecule of ferric chloride is equivalent to one atom of chlorine, 
which, in turn, is equivalent to one atom of hydrogen. The molecular and 
equivalent weights are identical. A normal solution of stannous chloride, on 
the other hand, will have half the molecular weight of SnClg expressed in 
grams per litre, because one molecule of stannous chloride takes two atoms 
of chlorine from two molecules of ferric chloride. 

The preceding definition of normal solutions is virtually that given by 
F. Mohr in 1859 .^ This definition has been adopted by the leading writers on 

^ For "‘the available oxygen'' standard, see R. Abegg, Anhitung zur Berechnung volu- 
mefri^cher Analyscn, Breslau, 1900. 

* F. Mohr, Lehrbitch der chemisch-analytischen Tiirurmdhode^ Braunschweig, 1859; 
W. Fresenius, ZeiU anah Chem,, 25, 205, 1886; B. Tollens, t6., 25, 363, 1886; C. Marx, t6., 
26, 217, 1887; L. L. de Koninck, t6., 25, 487, 1886; A. H. Allen, Chem, News, 40, 239, 
1887; C. Winkler, Bie Massanalyse nmh neuen titrimetrischen System, Freiburg, 1883; 
Ber,, 18, 2627, 1886; Zeit. anal, Chem,f 2$, 484, 1886. 
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volumetric analysis (C. R. Fresenius, F. Sutton, E. F. Fischer, A. Classen), and 
most analysts. Other definitions have been proposed, and a few writers 
(N. Menschutkin, M. M. P. Muir, C. Winkler, J. Muter) have defined a normal 
solution to be a ‘‘solution containing the molecular weight of the salt in grams 
per litre.” This definition is advantageously used iu physical chemistry, but 
not in analytical chemistry. It might be noted en passant that Gay-Lussac’s 
“normal solution of sodium chloride” is “a solution of sodium chloride such 
that 100 c.c. will exactly precipitate 1 gram of silver.” This special definition 
is used in many assaying laboratories for these particular solutions. 

§ 20. Standard Solutions of Hydrochloric Acid. 

Hydrochloric acid— HCI. Molecular weight: 3G-465; 
equivalent weight: 36*465. 

The most commonly used solutions are: — 

(Jrni, HCl pf>r c.c, 

N-Hydrochloric acid ..... 0*036465 

0*5N-Hydrochloric acid ..... 0*018232 

0*2N-Hydrochloric acid ..... 0*007293 

0*1 N-Hydrochloric acid ..... 0*003646 

To prepare a seininormal solution of hydrochloric acid, that is, a solution 
of hydrochloric acid containing half the equivalent weight (riz, 18*2325 grins.) 
per litre, make a solution rather more concentrated than is finally needed; 
determine the exact strength by comparison with another solution of known 
titre, or by analysis; and then dilute to the required strength. 

Suppose the hydrometer shows that the stock of concentrated acid has a 
specific gravity 1*14. From gravity tables, an acid of this strength contains 
at 15° 315 grins, of HOI per litre. Hence, 68 c.c. of this acid will have between 
21 and 22 grins, of HCl. Make 68 c.c. of this acid up to 1100 c.c. in a Giles’ 
flask ^ with recently boiled distilled water. Let the solution stand a few hours 
so that it may attain the temperature of the room. If the temperature of the 
room be not that given on the flask, an allowance must he made as indicated in 
Table V., IX. or XI. 

Compact fragments of Iceland spar ^—calcium carbonate — weighing from 
2 to 3 grms. each, are broken from a large crystal by pressing the edge of the 
blade of a knife against a large clear crystal and tapping the hack of the blade 
sharply with a hammer. These fragments are rinsed with dilute hydrochloric 
acid or nitric acid to free them from adhering powder and to round their edges 
and corners. They are then well washed with distilled water and dried in an 
oven at 110°. The pieces are preserved in a stoppered bottle for use. 

Two or three pieces of the Iceland spar are placed in a clean dry beaker or 

^ W. B. Giles, Chem. News, 69 , 99, 1894; W. Wislioenus, iier., 29 , 2442, 1896. 

® Selected crystals are remarkably pure — purer, indeed, than the regular '^sodium 
carbonate purissimus” normally used for standardising hydrochloric acid. This excellent 
method of standardising hydrochloric acid was recommended by G. Duerr, Chem. News, 28 , 
156, 1873; O. Masson, ih.. Si, 73, I9(X); W. H. Green, ib., 87 , 5, 1903; H. Thiele and K. Richter, 
Zeit. angew. Chem,, 13 , 486, 1900. See J. W. Young, Can, Chem. Met., 18 , 218, 1934; G. A. 
Hulett and W. D. Bonner, Journ. Amer. Chem, Sac.., 31 , 390, 10f)9; J. A. 8 haw, Ind. Eng. 
Chem., 18 , 1065, 1926; L. W. Andrews, Journ. Amer. Chem. Sor., 36 , 2089, 1914; C. T. 
Moody, Journ. Chem. Hoc.., 73 , 658, 1898; C. L. Higgins, Journ. Soc. Chem. Ind., 19 , 958, 
1900, for alternative methods of standardisation. 8 ee L. V^anino and E. Seitter {Zeii. anal. 
Chem., 4 X, 141, 1902) for a review of processes and materials for preparing standard solutions. 
Compare E. Hinks, Analyst, 238, 1930; J. Grant, Chem. and Ind,, 76, 1934 ; 0, Johnson, 
Ind. Eng. Chem. Anal. Ed., 7 , 76, 1935. 
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Erlenraeycr’s flask. Weigh the beaker and contents, all dried at 110° and 
cooled in a desiccator. Cover the beaker with a watch-glass and add 20 c.c. of 
the hydrochloric acid from the flask ^ by means of a clean pipette in such a way 
that there is no loss by spurting. When the evolution of gas has almost ceased 
(3 4 hours) rinse the side of the beaker with distilled water. Replace the cover 
and heat the solution to near the boiling-point on an asbestos pad or silica 
plate for about an hour. This is to ensure that the reaction between the acid 
and the spar is complete. Bumping must not be j)ermitted, or minute frag- 
ments may be detached from the undissolved s])ar, which would cause high 
results. Decant off the solution, wash the beaker and the residual spar 
thoroughly with distilled water, dry the beaker and contents at 110”, cool in a 
dessicator and weigh. This gives the data necessary for calculating the 
strength of the acid. For example: 

First weight of beaker and spar .... 21*6327 grms. 

Second weight of beaker and spar .... 21*1016 grms. 

Iceland spar dissolved ...... 6*5311 grm. 

Since the molecular weight of Iceland spar is 100 (more exactly 100*08), and 

2H(1 -h CaCOa = + H/) -h VO 2 

it follows that 2 litres of normal acid will dissolve 100 grms. of the Iceland spar, 
or 20 c.c. will dissolve 1 gram. Had the acid been exactly half-normal, 0*5 grm. 
of the si)ar would have dissolved.^ The acid we have prepared is too concen- 
trated. Pipette acid from the Giles’ flask until the level of the liquid is at the 
1000 c.c. mark. Since 0*5311 grm. of Iceland spar is dissolved by 20 c.c. of the 
acid solution, 0*5 grm. will be dis.solved by 0*5 x 20/0*531 1 18*83 c.c. of this 

solution. Thus, in order to make the acid exactly half-normal, 18*83 c.c. must 
be diluted with 1*17 c.c. of water. Hence, the 1000 c.c. now in the Giles’ flask 
must be diluted with 62*1 c.c. of water in order to make the solution exactly half- 
normal. The accuracy of the dilution should be established by repeating the 
experiment with the Iceland spar.^ The most important source of error in this 
method of standardising the hydrochloric acid arises from the fact that the 
reaction is somewhat tardy towards the end, hence sufficient time must be 
allowed for the com])letion of the reaction between the acid and spar. 

Numerous substances, other than Iceland spar, have been proposed and used 
for the standardisation of acids.^ 


^ If ordinary flasks arc used the volume withdrawn for testing, etc., should be noted, so 
as to avoid the use of mea.suring cylinders later on when the solution is diluted. 

* It is here assumed that 1(X) is the molecular weight of the Jc(^land spar. If 1 00-08 
be taken, the corresponding change must be made in the other numbers. 

* It should be remembered that in diluting the more concentrated solutions, a change 
of volume may occur such that the volume of the mixture is less or greater than the sum 
of the separate volumes of the two components. The effect is seldom appreciable with dilute 
solutions, but with more concentrated solutions the effect may be serious if the dilution be 
not checked. Thus, with a solution of ammonium sulphate containing 56 grms. per 1 (K) c.c., 
the contraction was found to lx? : 

Ammonium sulphate solution taken . . . 50-0 25-0 12-5 c.c. 

Water taken ....... 50-0 75-0 87-5 c.c. 

Volume of resulting solution .... 98-83 99-64 99-89 c.c. 

Changes of temperature on mixing sometimes cause a temporary ex].mnsion. Sufficient time 
must be allowed for the mixture to assume the temperature of the room before measuring 
the liquid or the control experiment. 

* For example, sodium carbonate, M. Bandall and C. C. Scalionc, 3/cf, Chem, 

13 , 707, 1916; W. Worms, Journ. Muss. Phys. Chem. aSoc., 28 , 432, 1897; J. Linder and 
N. Figala, ZeiU anal, Chem,, 91 , 106, 1932; L. Waldbauer, 1). C. McCann and L. F, Tuleen, 
Ind, Eng, Ohem, Ami, Ed,, 6 , 336, 1934; G. F. Smith and G. F. Croad, ib,, 9 , 141, 1937; 



40 


A TREATISE ON CHEMICAL ANALYSIS. 


The advantaj^es of hydrochloric acid as the standard acid for j^eneral work 
are: (1) it forms readily soluble salts with the alkalies and the alkalim* earths 
(hence |)referal)le to sulphuric and oxalic acids); (2) it is easily obtained ])ure 
(nitric acid often contains a little nitrous acud); (3) the strength of the acid is 
easily verifi(*d by means of silver nitrate: (4) the dilute solutions used suffer 
no ])erceptible loss of acid wdien boiled for instanct*, a, ()*2N-solution boiled 
10 minutes did not redden blue litmus pa])er held in the vapour, hence the st(‘ani 
which passes off is almost fre(‘ from hydrochloric acid: (5) tlu' strength of the 
acid does not change on keeping.^ 

§ 21. Temperature Correction for Solutions of Hydrochloric Acid. 

It has l>ocn assumed tliat the temperature* of the acid solution did not dilfer 
more than 3"^' from the standard temperature, 15". If tin* actual tein])erature 
deviates appreciably from this number, a correction must la* appli(*d in ord<*r 
to obtain the strength of the acid at the standard temperature. The following 
correction table Table IX. - is to be used in ac(‘urate* work when using a 
normal solution of hydrochloric acid at a temperature different from that at 
which it was standar(iis(*d, namely, 15'.- For solutions more dilute* tlian om*- 
tenth normal the correction table, ])ag<* 22, for wat(*r may be us(‘d. 

Table IX. TeiPf perafare Correction for X-II('I Sol at ions. 

(Standard tempe*ratun*, \o\ f’orrections in c.!)im. ja'r c.e*.) 

Teni]). I 0 1 i 2 .*{ 4 a |() j 7 | 8 

0 I I .. .. ' .. i .. : + i-a ' 1-2 ’ i-i i -i 1-0 

; 10 ; ‘0-8 ' -rO-7 ' 1 O-.*) i f 0-3 I ^ (>-2 ZtTf) 0-2 ; 0-4 , -0 0 

20 I -11 ' -1-3 j - i r, ; 1-8 . -21 ' 2-3 2 ;*) 2 8 i 31 


Examples, — ( 1 ) 21*30 e.c. of l* 0 N-HCi have beeai used in a titration at 22". 
The solution w'as standa^di^sed for 15\ The actual volume at 15 ’ would be* le*ss 
than 21*30 c.c. From Table IX, the erorrection for 1 c.c. is ()*0015 c.e*. He‘nce. 
21*3 v0*00]r>:-()*032 c.c. or 21*30 c.c. at 22 correspond with 21 *30 - 0*03 - - 21 *27 c.e-. 
at 15' . 


j)ota.ssium bicarbonate, L. W. \Vinkk*r, Zfit. atnjnr. Ctuni.. 28 , 2t>4, 1915; (\ liic/c, Zeit. 
anal. Chem.^ 54 , 585, 1915; (h Hruhns, (^hem. Ztij.^ 48 , 89, ltl24; thallous l arbonatt-, R. Hac 
anel K, Kamen, (Jzfrhoslnr. Chern. Cornw.^ 4 , 145, 1932; (■hem. Listy^ 26 , b, 1932; guanidine 
carbonate, A. H. De>eid, Journ. Sor. ('hrm. Infl., 40 , 89T, 1921; difdienylguanidine*, C. A. 
Carlton, Journ. Armr. Chew. Sor., 44 , 1851, 1922; borax. W. Worms, /.r, ; M. O. Mellon 
and y. M. Morris, Ind. Eiuj. Chrw,, 17 , 145, 1925; F. H. Hurley, junr., ib. A not. Kd., 8 , 220, 
193H; 9 , 237, 1937; 1. M. Kolthotf, Journ. A frier. Chew. S<h'., 48 , 1447, 1920. 

* Among other .substances which have l)een proposed as ae-idime^tric standarels are: oxalic 

acid, W. Worms, /.r.; C. M. van tier Fcen, ('hem. Weekh., 12, 1021, 1915; A. Blanchetiere*, 
Eu/t. *SV. rAim., (4), 19 , 3(K), 1910; potassium tctroxalate, F. T. B. Dupre* and A. von 
Kuxjffer, Zed. angew. (Jhem., 15 , 352, 1902; adipic aciel, F. T. van Voor*.st, Chem. Weekh., 
25 , 22, 1928; salicylic acid, , 1 . Jiosicky and J. Tamchyna, (-hrm. Listy, 25 , 408, 1931; 
picric acid, O. Pftutfer, Zeit. angew. Vhefn., 2 J^ 383, 1914; benzoic acid, N. V. Lipin, Z. E. 
Lukina and 8 . A. Konovalova, Trav. inst. mHrol. standard. 6 , 59, (08), 1934; alkali 

phthalate.s, W. 8 . Hendrixson, Journ. Amer. i^hern. Sor., 42 , 724, 1655, 1920; 37 , 2352, 
1915; F. D. Dodges Ind. Eng. (Jhem., 7 , 29, 1915; .sulphuric acid (indir(*ct methods), 
C. A. Kohn, Journ, Sor. Chem. Ind., 19 , 962, 1900; H. B. van V5ilkenburgh, Journ. Am.er. 
Chem, Soc., 42 , 757, 1920; arsenious oxide, A. W. (h Menzies and F. N. McCarthy, Journ, 
Amer. Chem. Soc., 37 , 2021, 1915. 

* The table also applies for N-oxeilic acid. It is based on A. 8 chulze {Zeit. anul. Chem,., 
21 , 167, 1882). The table can be readily transpos<?d into any other siandarel temperature 
different from 15^^, as indicated on page 22. For tables of corrections, see also Y. Osaka, 
Journ. Tokyo Chem. Soc,, 32 , 460, 1911; 40 , 424, 1919; Journ. Chem. Soc., 118 , (2), 187, 1920. 
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(2) A titration in made at 12'', and later on at 20 '^. In the former ease, 19*99 e.e. 
were used, and in the latter case, 20-02 e.e. Suppose t hat no tempi‘rature eorr(‘(;tion 
b(' madts it follows that tla^ two determinations give a difference of 100(20*02 19*99) 

: 19*99- O lf) per cent. As a matter of fact, bc»th really correspond with 20 c.c. at 
t he standard temperature, 15 . 

These two (‘xain])les give an idea of the error to whieli we arc* lia})le wlien the 
temperature* is neglected. The tem])eratnre factors will be given for other 
solutions as occasion d(*inands. 

In order to facilitate the f)repara.tion of standard solutions at tein])eratures 
di derent from the standard, HeygeuidorfT^ has designed measuring flasks 
graduated for, say, 1000 c.c. at temj>eratures hetweem 9 ' and 25". 2 

S 22, The Adjustment of Standard Solutions. 

When large volumes of a solution are in question, tin* adjustment can be 
mad(* without m<*asuring the volume of the liquid litre by litre.'^ Suppose that 
40 50 litres of a 0*lN-so<la solution are to be prepared. Nearly fill the storage 
(*arboy with a solution, say, 25 per cent, over-strength. Pipette, say, three 
lots of 25 (*.c. and titrate with (MN-acid as indicated later on. Suppose that 
25 C.C., as a mean of three titrations, re(|uire 31*25 c.c. of tin* standard acid. 
In that (‘ase, «^0 c.c. of the giv(*n solution correspond with 100 c.c. of the 
0*IN-aci(l. This means that 250 c.c. of water must lx* added per litre of the 
solution in order to make it exactly 0*1 N. Now transfer, say, 200 c.c. of the 
solution into a 500 c.c. flask. 

Add a litre of water to the solution: stir; withdraw, say, 200 c.c. for titra- 
tion. Sup]>ose that S3*33 c.c. n(»w correspond with lOO c.c. of tlie 0*lN-acid 
and 200 (*.c. of water must be added ])er litre of the solution in order to make it 
exactly 0*1N. Thus on the addition of a litre of water to the stock solution, 
the volume of water n(‘(*(Ied to dilute each litre of the stock solution down to 
0*lN str(‘ngth is reduced by 50 <*..c. Hence to produce a total reduction of 
250 C.C., 250/50 = 5 litres will be needed. But as 1 litre has been added, 4 more 
lit res of water must be added. 

A slight error is causi‘d by withdrawing 200 c.c. for the second trial. To 
correct this, dilute the 200 c.c. of the stock solution standing in the 500 c.c. flask 
by adding 50 c.c,. of water })er litre; that is, 200 c.c. re(|uire 10 c.c. of water. 
The solution in the flask is now the same strength as the 2tlt) c.c. withdrawn 
for the second titration before adding the 4 litres of water. Hence, add 200 c.c. 
of the stock solution, diluted as indicated above, to the liquid in the carboy, 
and, if there has been no change of volume on mixing, the solution should be 
exactly decinormal, and occupy 25 litres. 

Some prefer to leave the acid approximately 0-5.N, instead of adjusting 
the solution exactly, as described on page 39, by means of the Hiles’ flask. In 
that case, 20 c.c. of the acid are equivalent to 0*531 1 grm. of calcium carbonate. 
But, from the above equation, 1(X) grins, of Iceland spar correspond 
with 72*93 grins, of hydrochloric acid, and therefore 0*5311 grm. of Iceland 
spar will correvSpond wdth 0*7293x0*5311 —0*3873 grm. H(3. Hence, 20 c.c. 
of the acid has 0*3873 grm. HCl; or 1 c.c. has 0*019365 grm. HCI. The 
bottle containing the vsolution may be labelled accordingly. 

If but a small volume of acid is to be standardised, it may be advisable to 

^ M, von Heygendorff, Chem. Ztg., 35 , 382, 1911. 

^ For charts, see H. C. IX'raing, Jnd. Eng. Chem.^ 8 , 271, 451, 1916. 

^ F. M. Lytt% Chern. NewA, 26 , 159, 1872; 29 , 23, 1874; W. Smith, * 6 ., 20 , 220, 1869. 
Compare E. J. Leeming, School Scu liev., i 6 , 416, 1935. 
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follow the plan just described. In other cases a factor may be used. In the 
above example, the acid has 0*3873 grm. HCl per 20 c.c. If it were exactly 
half-normal, 20 c.c. would have 0*36465 grin. HCl. Or 18*83 c.c. are equivalent 
to 20 c.c. of half-normal acid; or the acid is 0*531 IN when it should be 0*5N. 
Dividing any pair of these numbers, say, 


0*5 

()*531 1 


-0*9415 


the resulting number — 0*9415 — represents the fraction of a cubic centimetre 
which is equivalent to 1 cubic centimetre of exactly 0*5N-acid. Hence, in 
any given titration, the number of cubic centimetres divided by 0*9415 will 
give the number of cubic centimetres which would have been used with 
exactly 0*5N-acid. Similarly, had 0*4311 grm. of spar been dissolved, the 
acid would have been too dilute, and the conversion factor would have been 
0*5-0*4311 = 1*16.1 


§ 23. The Adjustment of the Specific Gravity of Solutions. 

Solutions of a definite specific gravity have sometimes to be made by diluting 
solutions of known specific gravity. Usually very great accuracy in dilution 
is not needed. 2 When tables connecting specific gravity with concentration 
are available, the method can also be applied to the dilution of solutions 
of a given percentage composition to solutions of another percentage com- 
position. In the absence of a knowledge of the law of contraction or expansion 
on dilution, the problem can only be solved approximately, because the 
methods of calculation assume that “the total volume of a mixture is equal 
to the sum of the volumes of its parts,’’ and this assumption is not always 
justified. The following represent three typical cases: — 

1. It is required to prepare a volume y of a solution of specific gravity S, by 
diluting a volume y of a solution whose specific graxnty is s. Here V, S and s are 
known, v is to be determined. It follows that V - v will be the volume of the 
water needed, and we must have vs -i- F -t’= F^S^. Hence, it follows 


V(S-l) 

s-i 


( 1 ) 


Example. — Soda lye of specific gravity 1*34 is to be diluted with water to make 
50 c.c. of a solution of specific gravity 1*11. How much soda lye must be taken? 
Here, F = 50, /S' := 1 * 11 , and 5 ^ 1 * 34 , hence t;~1618 c.c. 

2 . It is required to dilute a volume v of a solution of specific gravity s, so as to 
make a solution of specific gravity S — to find the amount of water needed. Here 


^ M. E. Pozzi-Escot, Bull. Assoc. Chim. Suer. Dist., 31 , 124, 1913; E. Petersen {ZeiL anal 
Chem.f 45 , 14, 439, 1906; G. Bnihns, ib., 45 , 204, 1906) recommends the adjustment of standard 
solutions by representing the approximately normal solution in terms of “equivalent volumes” 
— that is, the number of cubic centimetres of the solutions which contain an equivalent weight 
of the substance in solution. Thus, in standardising hydrochloric acid, we have found 
0*5311 grm. of Iceland spar to be equivalent to 20 c.c. of acid; hence, half of one equivalent 
of Iceland spar, namely, 25 grms., would be equivalent to half an equivalent of hydrot^hloric 
acid, and equivalent to 941*5 c.c. of the solution. Hence, the equivalent volume of the 
solution was 941 *5 c.c. 

* A. Vogel, Deut. lllustr. Gevmrbczeit.j 202, 1865; C. D. Howard, Journ. Amer. Chem, 
S(jc., 19 , 587, 1897; Ind. Eng. Chem., 7 , 807, 1915; P. F. Bovard, ib., 7,358, 1915; O. Surr, 
Min. Eng. World, 39 , 1075, 1913; A. Oobenzl, Farben Ztg., 21 , 1277, 1916. See almost any 
text-book on the elements of hydrostatics. 
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V, s and S are known — to find F. When F has been determined, the required 
volume is given by F -v. From the preceding relation, we see that 


F 


v(s - S) 
~S-l 


( 2 ) 


Examplu. — What volume of water is needed to reduce 50 c.c. of a- solution of caustic 
stxia ()f specific gravity 1-34 to a specific gravity 1 11 ? Here, ?.’^~50, *S^— 1 11, 6 =1*34, 
hence V -v=r 104-55 c.c. 


3. It is required to dilute v c.c. of a solution of s])ecific gravity s with another 
liquid of specific gravity z in order to get a solution of specific gravity S — to find 
what volume of liquid, of specific gravity z is necessary for the purpose. Here 
V, s, z and S are known. Let w denote the required volume of the solution of 
specific gravity z, then 

v{s — S) 

.S'-z 


Example. — 50 c.c. of soda lye, specific gravity 1-34, are to be diluted with soda lye, 
specific gravity l-Il, in order to get a solution of specific gravity 1-2. What volume of 
the latter is needed? Here, v - 50, z- 1 * 11 , -1-34, aS'= 1-2, heiu^c u --77-78 c.c. 

The problem of dilution is usually very easily solved by means of the 
specific gravity tables. 

Example. — A solution of sulphuric acid, specific gravity 1 -2, is to be prepared from 
the stock acid, H|:)ecific gravity 1-84. From gravity tables, 100 c.c. of acid of specific 
gravity 1*84 ha« 175-0 grms. H 2 SO 4 , and 100 c.c. of acid of specific gravity 1-2 has 32-8 
grms. H 2 SO 4 . If 175 0 grins. 112804 are contained in 100 c.c. of acid of s]K?cific gravity 
1-84, 32-8 grms. H 2 S ()4 will be contained in 18-65 c.c. of this acid. Hence, if 18-65 c.c. 
of the concentrated acid be transferred to a 100 c.c. flask, and the solution made up 
to 100 c.c. (temperature constant), the result will be an acid of the desired concentration. 


§ 24. The Calculations of Analytical Chemistry. 

Slide Rule." The slide rule is a convenient check on the accuracy of the 
arithmetic. The regular slide rule of moderate length does not read to more 
than two figures and a third by approximation, that is, approximately to the 
first decimal of one per cent. It is customary to write two decimals, in spite 
of the fact that the second figure is of no real value. C.^hemists have not 
therefore taken up the slide rule, owdng to the uncertainty in the third and 
fourth figures. It is a general principle in chemical arithmetic that the 
magnitude of the error due to the method of calculation must be well within the 
limits of the experimental error. The ordinary slide rule does not satisfy this 
criterion. Hence, the chief function of the ordinary slide rule is to check 
the accuracy of calculations.^ Errors which might escape detection by 
simply going over the figures may be thus revealed. 

Squared Paper. ^ — Let 10(X) be taken as an abscissa on squared paper, and 
as ordinate lay off a length corresponding with the reduction factor of a given 
determination, say 736 for lead oxide in lead sulphate; 247 for chlorine in 
silver chloride. Join, say, the ordinate 736 wdth the abscissa zero, then any 
particular weight of PbS 04 , found by analysis, is located on the abscissa axis, 
and the corresponding amount of PbO is read on the ordinate axis. This 
method is useful for checking calculations and, if the curve be drawn on a 

^ H, C. Deming, Journ. Ind. Eng. Chem., 8, 271, 451, 1916; Journ. Amer. Chem. Soc.^ 
39 , 2137, 2388, 1917. W. H. Wollaston (Phil. Trans.., 104 , 1, 1814) described a slide rule 
very similar to some types in use to-day. 

• P. P. Dunnington, Journ. Amtr. Vhem. Soc., 25 , 637, 1903. 
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lar;<(‘r scale, it will be found as eoiivTuient as a table for saviiifi time in analytical 
calculations. 

Example. — Suppose a precipitate of lead sulphate weitrhs 0 t)4 ^tui. The fudinate 
-fi^, 14 (dotted lin<‘s) — ccirrespondiiij' with the abscissa 0 ()4 is 0-47; hence 047 
is the ecpiivalent wedght of PbO correspond in<r with 0 i)4 irrrn. of PbSO.,. 

Anahflical Tables, — Logarithms are in common use. Five-fi^mn' lo^^arithmic 
tables suffice for the, calculations in most analytical workd In ord(*r to lessen 
the labour involved in calculating oft -repeated deterriiinations, conversion 
tal)les may be used with advanta^ire. This prevents wasting time and enerp:y 
on a repetition of old operations, and conduces to more accurate work. Once 
accurate tables have been compiled, there is less liability to error. 

Rational -Another artifice for abbreviating calculations is to 

weif>:h an amount of substance for the analysis which bears a simple, relation 
to the conversion factor.^ When the amount o/ substance taken for analysis 
is the same as the conversion factor, the weight of the precipitate directly corresponds 
with the percentage value sought: and when the amount of substance taken for 
analysis is a simple multiple or sub-multiple of the conversion factor, the 
weight of the precipitate is a corresponding multiple or sub-multiple of the 
percentage value sought. For instance, if PbO in to he determined in a given 
substance, and if 0*7360 grm. of the sample be taken, then, if 0*5 grm. of lead 
sulphate be obtained, it follows that the sample contains 50 per cent, of PbO. 
It is easy to see this. Since 0*5 x 0*7360 grm. of PbO has been obtained from 
0*7360 grm. of the sample, 100 grms. of the sample will have 50 grms. of PbO. 

1 For example, F. D. Kiister, Logarithmische Rechmidfcln fur Cht>miker, lierlin, 1919; 
(I J. Woodward, Five-figure Litgariihns for Chemists, London, 1910. 

“ E. A. Uehling, Journ, Anal. App. Chem., i, 402, 1887. E. R. and L. A. Voorkees {ih., 
7, 121, 1893) recommend specially graduated pipettes. 
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Tt inuHt be renunnlxirecl that time is lost in weighing a definite amount of a 
substaiu^e to siieh a degree of accuracy, and it is sometimes questionable if the 
time c,()nsunu‘d in weighing is not greater than the time spent in solving the 
j)roportion, in this })articular ease: 

Weiglit of sample : (>73b() — Weight of lead sulphate : x 

At any rate, tin* risk of error, owing to the hygroscjopie projjerties of fine 
j)owders, is sometimes greater in the former case. Similarly in volumetric 
work, a little thought spent in “designing” routine operations may save a 
grea t deal of work. 

To find tlw ndation bdireen ihe weUjhi of the sanrjde to he Uthen for the anahfsis 
tend, the eoneent rut ion oj the standartl soIntitriL used so th.ut the niunher of odiie 
rent (met res of the stundurd s(dut(on (natj threetit/ represent the pereentaqe untounl 
of the constituent sought . Tin* strength of tlie standard solution must ]>e ad- 
just(*d so that a weight tr of the sampl<‘ is ecpiivalent to lOO e.c. Jn other 
words, loo e.e. of the standard solution must i»e equivalent to a weiglit tr of 
the (pure) constituent sought. For example, if 100 c.c. of the standard solution 
b(‘ equivalent to 3-942 grins, of the constituent und(‘r in v(‘stigation, we must 
W(dgh exa<*t ly 3-942 grins, of the sample for the titration. In that case, if 
11 c.c. <.)f the standard solution be used in the titration, the sample contains 
11 per cent, of th(‘ constituent in qu(‘stion. 

K\ AM ri.K. ■ -Su])pos(‘ that it reijuired to detiTiniiu* tlw- amount of sodium (‘arbonate 
in a giv(‘n sanifilc' of soda- ash. For convenience, let ir - 1 grm. Th<‘ standard acid 
s(»lulion must he so made that 1(.K> e.e. contain the equivalent of I gu-m. of sodium 
cartK)nat(\ By weighing J grm. of the sample for each d(‘t(Tmination, every c.c. of 
th(‘ lU'id us(h 1 in the* titration will represent 1 jx^r txmt. of sodium carbonate in tlu- 
sam]>le. 

It may b(‘ advisable to use a more dilute solution. The .strength of the 
standard solution can b(‘ made such that the pen-entage amount of the con- 
st-itinmt sought in the given samph‘ is one-tmith the numlier of cubic centi- 
metres us(n.l in titration. Tlien, 1000 c.c. of the standard solution must be 
made equi\'alent to ir grins, of the con.stituent (pure) under investigation. 

Example. Sup[)o.sc that it be re(|iiired to find the percentage amount of sodium 
chloride* in a sampler of sexla ash. For convenience, le't w--2. The standard solution 
of silve'r nitrate must be ina.de such that JOOO v.e. e'orrcspeaid with 2 grms. e>f se>dium 
chloride. But 2 grins, of soeiiiirn chlt)ride! are eH|uivale'nt to 5-812 grms. of silver nitrate\ 
H(‘nce^, wheui the* standard silve*r nitrate solutiem eontains 5-812 grms. of silve^r nitrate- 
pe*r litre*, and 2 grins, of the* sample are taken, every 10 e.e. of the .silver nitrate solution 
will rt'present 1 per cent, ed sodium e*hloride in the given sample. 


§ 25. Hydrogen Ion Concentrations. 

On the theniry of elex-trolytic dissociation, the extremely low electrical 
conductivity of water is interpreted as evidence that water is dissociated only 
to a very slight extent. However, since even the purest water is not a pe^rfect 
non-edectrolyte, some dissociation must have occurred and difTeremt experi- 
mental methods indicate that a litre of the ])urest water obtainable contains 
at 25° C. approximately 1 x 10 ’ gram-ion of hydrogen. 

If the law of mass action be applied, it follows that C„ x Coit = A"C„^o but, 
as water is so slightly ionised, Cup can be taken as constant, hence xCou^ 
A'w where is the ionic product for water. Now as the water must 
contain an equal number of hydrogen and hydroxide ions, Cu = Coii, whence 
K^y ~ 1 X at 25° C. 
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For arithmetical couveiiience and for no other reason, the logarithm of the 
reciprocal of the actual concentration of the hydrogen ion present in a solution 
is taken as a measure of the concentration of that ion. The numbers so 
obtained are termed the hydrogen ion coiH*ent rations and are denoted by the 
symbol Thus, for pure water, as there is 1 x JO gram-ion of hydrogen 
per litre, the hydrogen ion (joncentration will be log (1/J()“ ~ 7*0, 

Assume now that a solution contains (l+w)x]0'’^ gram-ion of hydrogen 
per litre, where n is a positive number less than unity. Then the c.oncentration 
of hydroxide ions will be (1/1 -f n) x 10" ”, since the product of the two must be 
equal to 1 x 10 As n is positive (1 + a) is greater than, and (1/1 + n) is less 
than, unity, i.e. the solution contains an excess of hydrogen ions, or in other 
words it is acidic. The hydrogen ioii concentration of the solution will be 
given by pn = log [ 1 /( l^ n) 0"’] = log 10’ - log (1 -h n) = 7 ~ log ( 1 -f But 
as (1 -f is a positive number greater than 1,7- log (1 -rft) will be less than 7, 
Consequently, for any solution in which hydrogen ions pn'dominate, the value 
of pii will be less than 7 and the greater the extent to which these ions pre- 
dominate (i.e. the greater the acidity of the solution), the smaller will be the 
Ph value of the solution until i?i the limit it aj)proaches zero. 

Conversely, if n is negative, (1 -f a) will be less than, and 1/(1 -f /<) greater 
than, unity, so that the concentration of hydrogen ions, (l fa)xl()' ’, will 
be less than that of the hydroxide ioms, (1 /I 4 a) x 10 ’, and the solution 
will be alkaline. In this case the pn value of the solution will be given by 
log [1/(1 -f-a) X 10“’J, or 7 -flog 1/(1 -fa), but as 1/(1 +n) is greater than 1, 
log 1/(1 -f- a) will be positive and 7 -flog 1/(1 -f/^ will be greater than 7. 
Thus, all alkaline solutions will have p,i values greater than 7 and, as the 
alkalinity of the solution progressively increases, the pn value rises to the 
limiting value of 14. 

Tn summary, the acidity or alkalinity of a solution can be expressed quanti- 
tatively by a scale of numbers ranging from 0 to 14. All truly neutral solutions 
have a value (pn value) of 7 on this scale; the values for acid solutions lie 
between 7 and 0, and for alkaline solutions between 7 and 14. The higher the 
acidity of a solution the lower is its number on the scale, and the greater the 
alkalinity of a solution the higher is its scale number. 

§ 26. The Theory of Acid-Alkali Titrations. Indicators. 

The stoichiometric or equivalence point is that point at which an equivalent 
of the reacting substance has been added, as calculated from the equation 
expressing the course of the reaction, irrespective of the type of reaction 
involved. The end-point in an acid-alkali titration is that point at which the 
titration is stopped, being shown by the colour change of the particular 
indicator used. 

The suitability or otherwise of an indicator in any given titration depends 
upon the pH value at which the indicator shows its specific colour change.^ 

Let, say, 15 c.c. of a 0*lN-solution of a base be added to 25 c.c. of a 0*1N- 
solution of an acid and the solution be made up to some standard volume so 
dilute that the electrolytes present are totally or almost completely dissociated. 
If, now, a series of similar solutions be made up, each of which contains a 
slightly greater amount of base than the one preceding it, and the pn value of 
each solution be determined, then data will be obtained from which a graph can 
be drawn between the Ph value of the solution and the volume of alkali added. 

^ For the theory of the titration error, see S. Kilpi, Zeit, anaL Chem,^ X04, 390, 1936; 
H. Arnfelt, Svensk Kern. Tid,, 49, 96, 1937. 
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When a strong monobasic acid is progressively neutralised by a strong monacid 
base, the type of curve obtained is shown by Graph A in fig. 15. If, however, 
the acid is a weak one, the graph is of the form B; while Graph C illustrates 
the neutralisation curve when both the acid and the base are weak. Tt will be 
seen that the essential difference between the three curves is the rate at which 
the jpn value of the solution changes with respect to small additions of base in 
the neighbourhood of the equivalence point. Where this change is rapid, the 
section of the curve through the equivalence point be(^omes approximately 
parallel to the pn axis. In such cases the equivalence point can be accurately 



Fj(3. 15. — Neutralisation Curves. 


determined if we can tell when the pn value of the solution falls within that 
section of the curve which is parallel to the pn axis. 

These conditions are fulfilled when a strong monobasic acid is neutralised 
by a strong monacid base. Thus, in Graph A any indicator which shows its 
specific colour change within the range pn 4 to 9 will give an end-point in close 
agreement with the equivalence point, provided the volume of alkali used is 
large in comparison with the difference between the volume of alkali correspond- 
ing to the equivalence point and the volume actually added.^ When a weak 
acid is neutralised by a strong base (Graph B) a similar approximation of the 
end-point to the equivalence point will be obtained only when an indicator is 
used the colour of which changes within a range of about p^ 7 to 8*5. Finally, 
when both acid and base are weak, the change in p^ value round the equivalence 
point is so gradual that only an indicator changing colour within the very 
limited range of p^ 7*2 to 7*4 would give reasonable coincidence between the 
end and the equivalence points. Under such conditions the equivalence point 
cannot in general be located accurately by the use of an indicator. 

The annexed table gives a list of some commonly used indicators and their 
colour changes on passage from acid to alkaline solution. In the third column is 
given the least pn range over which the colour change can be detected visually 
under daylight illumination when 2 to 4 drops of indicator are used per 100 c.c. 

^ Otherwise this difference, the titration error, will be comparable in magnitude with 
the total volume of alkali added. 
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Table X, — Indicator Colour Chamfcs. 


- 

- 

■ ■ • 1 

- 


.... 

- 

Indicator. 

j . 

Colon 1 
' nt'iti • ’» 

ehangt', 1 

alkaline. 1 

Minimum 
pH range. ' 

Extreme 
pH range. 

; Mctliyl ^ 

Velh)w 

V violet 

0-4tol'0 

0*1 

to 2-2 

1 Bivmioplicnol bliK' 

. : 5’('lh)\v 

y \ jf>let 

2-2 

4-0 

2*8 

,, 4 0 

i Mc'thyl orange 

. 1 Fink 

- ’• yellow 

4-4 

4 0 

2*9 

,, 4*<) 

! Metljyl red . 

Link 

> yellovx 

4'S 

5-4 

4*2 

,, 0*2 

i //-Nitrof)hen(»i 

( ’olourlt'ss 

- yt'llow-grt'en : 

5*0 

.5<S 

.■ 5*0 

,, 7*0 

’ Litmus 2 

Bed 

^ blue 

.“i-O 

0-0 

5-0 

,, S-0 

; ihomocresol })urplc 

( » rev 

^ purT)lc ; 

5-S 

<;*2 

5*2 

,, 0*8 

j Jh'omot hymol Miu 

. 1 Yellow-grt'en 

* him* 

()1 

7-0 

0*0 

„ 70 

; Flienol red . 

. , Yt'llovv 

V I f'tl 

7-0 

71 

()*S 

8-4 

; t‘r<'sol It'd 

. ; 5'(4h>w 

^ lilac 

7t; 

S-2 

7*2 

., 8'8 

^ l‘lit'iK)J{)hthalein 

('olourltss 

- rt‘d 

7*8 

8*0 

7*8 

., 10-0 

. Thym<)i)>hthal(*in . 

CoIt)urless 

> him* 

7-9 

S-!> 

7*9 

.. 10*5 

1 'hymol blue 

(irev gret'n 

- him* 

S-l 

9-2 

8*0 

94i 


of solution. Th(* oxtreiue /^h ran^o is that ran^t* within whi(‘h each ]>articular 
indicator can he usefully enij)loy(*d.*^ 

I{tderonet^ to the table shows that methyl oranj>e is pink at //„ M nnd 
ye]h)W at pn ld> wliile ph(‘nolj)hthaIein is (‘olourless at 7-S and n'd at j)u «S-(). 
HeiKM* in titrating- a strong nionohasic acid with a stron^^ base (‘itlu'r tnelhyl 
orange or j)henolphthalein can be used, since th(‘ colour changes of both 
indicators fall within the ran<»:e 4 to 9 (Craph A, h^i:. lb). With methyl 
oruno<‘ tin' end-f)oint will be shown slijthtly befon' the erjuivah'ina' point is 
rea('he(l and with })henolphthah‘in slightly after. ^ 

When a weak acid is under titration ((Iraph B), pln*nolphthalein, ])ut tjot 
methyl orang(‘, will ^ive an ('nd-point in close a^n'cment with the equivalf'uce 
]>oinr. 

A lar^e variety of indicators is availabh' for volinnetric analysis, but here 
only a limited number will be discussed.’ The lijilit is an importa,nt niattc'r in 

* Gn'on colour given at pn ^ Litmus is purple at. p\\ r> o. 

^ (ilrct‘11 colour given at /m 7*0. 

* Link at pn 2 t), salmon at pii 2*4, and yellow at pii 2*8. 

For the constitution (jf various indicators, their corn'ct coju^ent rat ions for use and 
1 heir pH rantre, see il. A. Fales, fnvryanir Quunlitatirc Analysis^ London, 1411, 1928; 1. M. 
KoltholL Phnnn. Wirkh., 66, 07, 1929; IL W. van I'rk, /7 a, 65, 1249, 1928. 

The inference is that if duplicate titrations bo made with each indicator in turn, tint 
mean of the readings for the two end-points will wry closely approximate' it) the equivah'nee 
point. Lhc-nol red, with a least pu range of 7 0 to 7*4, will give a more accurate value tliaii 
either methyl oninge or phenolplithalein. 

’ F. (daser, 1 miikaUyrvn dvr Acidim<‘trie nnd Alk(dimvtrif\ Wiesbaden, I9tU, and A. 1. 
Cohn, liidH-ators and Tfst-paperf*^ New York, 1899, deal with those proposed up to time of 
publication. For the theory of imlieators, see the tt'Xt -books on physical chemistry, or J. W, 
Mellor, Chfmical Statics and Dynamics, l.,oiKlon, 210, 1909; K. Salrn, /jfit. D/cktrochem., 
10 , 241, 1904; 12, 99, 1900; Zdt, phys. Chew., 57, 471, 19<K); K. Wegseheider, ?7/., 90, 041, 
191/5; O. XL Hiiitig, ib,, 95, 280, 1920; F. Lieliert, Chern. WcM., 12, 1088, 1915; A. A. 
Noyes, Jtmrn. Amcr. Chew. Soc., 32, 815, 1910; IL A. Lubs and S. F. Aeree, ?7/., 38, 2772, 
1910; A. B. Clark and H. A. Liibs, ib., 40, 1442, 1918; A. Thiel, Chem, Zcn.tr., (1), 052, 1912; 
(J), 422, 1914; J. Waddell, ('hew. News, 107,200, 1912; A. G. A. Miller, ib., 108, 72, 1912; 
A. Hantzsch, Her., 48, 158, 1915; A. Grunl)erg, Zeit. anory. Chew., 138, 232, 1924; H. A. 
Lubs and W. M. Clark, Jnurn. Wash. Acad. Sri., 5, 009, 1915; 6, 481, 1910; S. J». L. Sorensen 
and »S. Palitzseh, Biochem. Zeit,, 24, 281, 1910; F. M. Cray and G. M. Westrip, Trans. Faraday 
Soc., 21 , 220, 1925; C, d. van Nienwenburg, Chem. Weekb., 27, 142, 158, 180, 2fK», 1930; 
H. T. Thomson, Chem. News, 47, 123, 184, 1883; 49, 32, 119, 1884; 52, 18, 29, 1885; A. H. 
Allen, Analyst, 17, 186, 215, 1892; 39, 518, 1914; I. M. Kolthoff, Ind. Eng. Chem. Anal. 
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volumetric? work, A wijidow facing? the north best. The colour changes of 
indicators often af)f)ear diflerent when exainijied in gaslight. To one accus- 
tomed to work in (laylight, tlie “transition tints*’ of so?ne indicators may be 
misleading when viewed in ycdlowish artificial light. Incandescent and electric 
light are not very dilferent from daylight. Direct sunlight is objection- 
able. It is generally best to use a?) Krlenmeyer’s flask over a white tile or 
she<*t of white })aj)er. It is ofteii an advantage to work with two vessels the 
same size as the v(*ssel in which the titration is to be made. Each contains 
about th(? same volufne of liquid and the sa?ne amount of indicator as the vesscd 
(containing the solution under investigation. In one, the colour change has 
been effected. The two vessels, one containing the changed and the other the 
unchanged indicator, are useful for comparison until the eye has become 
aceustomed to the tints of tlie indicator. It is sometimes advisable, in cases 
of uncertainty, to read the burette; if the addition of another drop of the 
standard solution alters the intensity but not the tint of the indicator, it is not 
in(?lu(l<Hl in the titration. In some cases the titration is continued until the 
change of tint is (piite certain, and then the solution is titrated back with the 
proper standard solution to determine the exact end-point. 

1. Litmus. Litmus is sold in the form of cakes, cubes or granules. It is 
one of the oldest indicators, and even now it is still frequently used. An 
aqueous solution of litmus is blue in the presence of a slight excess of alkalies 
or alkaline ('arths; the solution is coloured red in the presence of a slight 
excess of acid. The neutral solution is violet. The instability of its aqueous 
solution is tlie main objection to litmus. The solution does not kee]) very 
well.^ The sensitiveness of the solution jmqiared by digesting commercial 
litmus in wat<‘r is not the best })os.sible, sin(‘e the litmus contains at least 
two distinct (colouring principles - one a very sensitive violet colour and the 
other a red colour of feeble .sensitiveness. The latter ob.scures the tints 
of the violet principle. Piischel ^ isolates the violet colouring principle as 
follows: — 

Digest 100 grins, of commercial litmus with 600 c.c. of hot distilled water, 
and after allowing the mixture to stand for some time, decant the solution from 
the .^Kulijiient.'^ After standing for a few more days, the solution is again 
decanted from any sediment. Evaporate the solution in a porcelain basin 
down to about 200 or 250 c.c. Filter the solution w’hile hot into a half-litre 
flask. Make the filtrate up to about 300 c.c. with distilled water. Mix 50 c.c. 


A>/., 8 , 287, 1986; E. Nairn and H. Friodenthal, Zeit. Klrktr<H'h< m.y 13 , 12 a, 1907; N. Bjcrrum, 
Div> Thvorie. (hr atkalirnctrlftrhen nnd (tzidi^tteiriscken Titrieruiujen, Stuttgart, 1914; Zcit. anal. 
Churn. ^ 56 , 18, 81, 1917; H. Briiokner, i 6 ., 99 , 427, 1934; T. Kaku, Jonrti. Pharm. Soc. 



Obzor., II, 29, 1986. 

* The oommeroial artiijle coTitain.s a gelatinous substance which acts as a good medium for 



chloroform have been recommended for this purposts 

185, 1910; M. Kretzschimar, Chem. Ztg,, 3 , 682, 
V i Cham. Cevtr.f (3), 17 , 99, 1886; V. de Luynes, Chew.. ii, 149, 1865; 

V. vVartha, iier., 9 , 217, 1876; B. Keinitzer. Zeit. angew. Chern., 7 , 547, 1894; O. Forster, 

Scheitz, ib., 49 , 735, 736, 1910; W. Schafer, Apoth. Ztg., 
83^ 1894; E. W. Rice, Journ. Ind. Eng. Chem., 4 , 229, 1912. 

The solution will take no harm if the temperature be kept below about 6 "^. The bacteria 
m ^ higher temperatures than this. Hence, this work is best done during the winter 
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of distilled water with 16 grins, of pure concentrated sulphuric acid in a separate 
flask and make th(‘ solution uj) to about 1(K) c.(^ Mix the two solutions, and 
digest the mixture on a water bath, with frequent agitation, for about 4 hours. 
A dark brownish-red gelatinous precipitate gradually separates.^ When cold, 
filter through a 12*5 cm. filter-paper. Wash the precipitate with cold divStilled 
water until the washings give no reaction for sulphate with barium chloride. 
The preci])itate still contains some of the red colouring principle and the 
gelatinous matter. The washing is therefore continued in order to remove 
the former. The wash-water has a faint red colour which gives a violet colour 
wdth potash solution as long as the red colouring principle remains. When 
the wash-water gives a dark blue colour with j)otash,^ it is supposed that nearly 
all the red colouring matter is washed away. The precipitate is then digested 
in dilute alcohol by pouring 100 c.c. of warm 90 ])er cent, alcohol, in small 
quantities at a time, through the filter-paper. The colouring principle passes 
into solution, the gelatinous matter remains behind. Collect the washings in 
a porcelain basin. Add a drop of ammonia to the later portions of alcohol 
which are passed through the paper. Finish the washing with pure alcohol. 
Evaporate the solution to dryness on a water bath. Dissolve the residue in 
hot distilled water. Filter. Make the solution up to 600 c.c. Divide the red 
solution into two ap])roximately equal portions. Neutralise the one portion 
wdth a dilute solution of caustic potash. The solution then becomes blue. 
Mix the two solutions. Again divide the solution into two ]>ortions, and re})eat 
the operation until the solution has a neutral violet tint.*'^ This solution does 
not change on keeping in glass-stoppered bottles.'* 

Litmus solution is quite satisfactory for the titration of caustic alkalies, 
alkaline earths and ammonia; also for hydrochloric, sulphuric, nitric and 
oxalic acids. It can only be used with carbonates or bicarbonates when the 
liberated carbon dioxide is driven ofl‘ by boiling the solution. The dissolved 
gas in cold solutions causes the red colour to persist even when the titration 
is completed. Hence, although quite satisfactory in boiling solutions of the 
carbonates, litmus should not be used with cold solutions. Similar remarks 
apply to the sulphides. Litmus can also be used for titrating arsenites and 
silicates, but not for titrating sulphurous, phosphoric, arsenic, boric and 
chromic acids. It is also useless for titrating most organic acids, e.g. tartaric 
and citric acids. 

2. Phenolphthahin . — The solution of phenol])lithalein i.s made by dissolving 
0-5 grm. of phenolphthalein in 500 c.c. of absolute alcohol and making the 
solution up to a litre with water. Use 2 to 4: drops per 100 c.c. 

Phenolphthalein solution is nearly colourless in neutral and acid solutions, 
but red in the presence of a slight excess of alkali. It is used in titrating the 
hydroxides of the alkalies and alkaline earths, the mineral acids and most 
organic acids. It does not work satisfactorily in the presence of ammonia, 
ammonium salts and alcohol; nor does it give satisfactory results with 
arsenious, silicic and boric acids. It is very sensitive to carbonic acid and 


1 Presumably a sulpho-salt of tlie violet colouring matter. 

* A sensitive eye can tell when the washing is finished by the fiery red tint of the washings. 

* A neutral solution appears violet by transmitted light. It is coloured red by a trace of 
acid and blue by a trace of alkali. 

* Litmus paper is made by coating one side of a sheet of pure white paper with a solution 
of one part isinglass in 50 c.c. of water. When dry, coat the isinglass with the litmus solution 
— A. Vacher, Chem. Newst 17 , 277, 1868; P. Mohr, ZeiL anal. Ckem.t 12, 368, 372, 1893. The 
'^duplutest litmua papersy' with a strip of blue and of red litmus separated by a thin atri^ of 
ceresine or paraffin, are very convenient for finding if a solution is “acid” or “alkaline * — 
K. Dietrich, Zeii. a'ngew. Chem., 14 , 1091, 1904. 
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hydrogen sulphide, hut it appears neutral when the a(‘id salts have been formed. 
Hence, phenolj>hthal(‘in may be used to detect sodium carbonate in the presence 
of sodium bicarbonate. Jt also appears neutral with arsenic and phosphoric 
acids when two-thirds of the hydrogen has been re})laced.^ 

3. Methyl Orange, -The solution is prepared by dissolving 1 grin, of methyl 
orange in a litre of water. 

Tlxe indicator is orange-yellow in neutral or alkaline solutions, and it changes 
to pink with a slight excess of acid. The end-point with methyl orange is not 
so sharp as with phenolphthalein, since methyl orange shows several shades of 
colour — “transition tints.” This trouble, however, is aggravated by the use 
of too much indicator. Two drops of the above solution are sufficient to give 
a distinct yellow to a solution.^ If the colour fades during a titration, add 
another drop of the indicator. 

Methyl orange is not so suitalile for titrations in the presence of methyl 
alcohol as p-nitrophenol. Methyl orange is almost, but not quite, indifferent to 



Flo. 16.— ' Nest of Pipette Bottles for Indicators. 


the presence of carbonic acid, but less so than nitrophenol. The amount of car- 
bonic acid which remains in solution during the titration of, say, 0*2N-carbonate 
solutions exerts an appreciable effect on the colour of methyl orange. Kiister 
recommends adjusting the colour of the solution obtained on titration to that 
of a saturated aqueous solution of carbonic acid containing methyl orange.® 
It is also practically indifferent towards aqueous solutions of hydrogen 
sulphide, arsenious, boric, silicic and hydrocyanic acids. It can be used for 
the strong mineral acids, hydroxides of the alkalies and alkaline earths, 
ammonia, carbonates, sulphides, arsenitea, silicates and borates which are 
decomposed by dilute nitric, hydrochloric or sulphuric acid. Phosphoric and 

' H. N. and C. Draper, Chern. News, 55 , 133, 143, 1887; ,1. H. Long, ib., 51 , 160, 1886; 
P. Dobrenier, Zeit, angew. Cheni., 8 , 269, 1895; F. Scheiding, ib., 8 , 78, 1895. 

® R. T. Thomson (Chem, News, 47 , 123, 1883) recommends a solution containing 015 
grm. per litre, and uses 0*5 c.c. of this solution per 100 c.c. of the solution to be titrated. 

* F. W. Kiister, Zeit, anorg. Ckem., 13 , 141, 1897. G. P. Baxter {Journ, Amer, Chem, 
See,, 36 , 666 , 1914) recommends a solution of monosodium phosphate (NaH 2 P 04 . 2 Hj 0 , 
crystallised between 0® and 41® — A. Iinadsu, Mem, Coll, Science Eng,, Kyoto, 3 , 257, 1912) 
containing 15 grms. of the crystals per 100 c.c. of water in place of the saturated solution 
of carbonic acid; 16*3 grms. of crystals of the monopotassium phosphate, KH^PO^, can also 
be used instead of 15 grms. of the sodium salt. 
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arsenic acids become neutral to this indicator when one-third of their replace- 
able hydrogen has reacted with the alkali and sulphurous acid becomes neutral 
when the acid sulphite is formed. Methyl orange is not to be used for the 
organic acids. Solutions containing nitrous acid or nitrites destroy the colour. 
It must be used in cold, not hot, solutions, since the end-point becomes in- 
distinct and loses its sharpness when titrations are made in hot solutions. 
If it be desired to eliminate the slight effect of carbon dioxide on methyl orange 
in titrating the carbonates, the solutions may be boilt^d when nearly neutralised, 
and the titration finished when the solution is cold. 

Indicators are conveniently kept in bottles fitted with a pipette, in order 
that the indicator may be removed without contact with the stain which 
usually collects about the necks of the bottles when the solutions are transferred 
in the ordinary manner. This stain interferes with the sharpness of the end- 
point — e.g. methyl orange in the broniate process for antimony. A nest of 
four pipette bottles for the most commonly used indi(‘ators is illustrated in 
fig. 16. The indicators, w^hen kept in this w^ay, are easily carried from bench 
to bench. 


§ 27. Standard Solutions of Sodium Hydroxide. 


Sodium hydroxide - NaOH. Molecular w'eight : 40-005; 
equivalent weight : 40-005. 


The most commonly em})loyed solutions are: — 

N-iSodium hydroxide 
0-5N-8odium hydroxide 
0-2N-Sodium hydroxide 
0*1N-Sodium hydroxide 


Orm. NaOH per e.e. 
. 0-04(KX)r) 

. 0-02(X)02r) 

. 0-008001 
. 0-0040005 


Sodium hydroxide does not make an ideal standard solution, since it is 
liable to absorb carbon dioxide from the air.^ A solution of sodium hydroxide 
is also particularly liable to attack glass, and gradually to lose its strength. 
In consequence, it is not usually advisable to make up a large stock of the 
solution. Kiister recommends storing sodium hydroxide in nickel bottles. 
Glass stoppers and glass stopcocks are also objectionable because they are 
liable to seize up. It is therefore advisable to use rubber stoppers and rubber 
plug cocks with the burettes working caustic lyes. 

To prepare a half-normal solution of sodium hydroxide, select a number of 
clear sticks of sodium hydroxide, ‘‘ pure by alcohol.” Scrape off the opaque 
parts; dissolve, say, 25 grins, in water and make the solution up to 1100 c.c. 
in a Giles’ flask. Recently boiled distilled water must be used in order to 
keep out the carbon dioxide. When the solution has cooled to 15°, pipette 
25 c.c. into an Erlenrneyer’s flask; ^ add two or three drops of methyl orange 


^ T. Milobedfiki and W. Szczypiuski, Moezniki Chem., 14 , 1088, 1934. E. Fleischer 
{Chem, NewSf 19 , 203, 1869), in consequence, prefers a 0-6N-aramonia solution as a standard 
alkali. If solutions over this strength be used, they are liable to change, owing to the loss 
of ammonia; and even O-SN-solutions are liable to lose ammonia on a hot summer’s day, 
when the temperature is, say, 25". There is also a difficulty with some of the indicators 
when ammonia solutions are used. R. Rempel, Chem. Ztg., 9 , 1906, 1884; E. Altmann, 
iK 37, 1465, 1913; G. T. Gerlaoh, Ch&m. Ind., 12 , 97, 1889; W. G. Haynes, Ind, Eng. 
Chem., 9 , 68 , 1917. 

* The liquid should be thoroughly agitated during the titration. An Erlenmeyer flask 
is generally preferable to ordinary narrow-necked flasks, to beaker and glass rod, or to basin 
and glass rod, because its contents are so accessible and so easily agitated without stirring. 
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solution as indicator; run 0*5 N-acid from the burette until the yellow colour of 
the methyl orange changes to an orange colour. Read the burette. Continue 
the titration, drop by drop, until the addition of a single drop of acid turns 
the solution pink.^ Again read the burette. Repeat the titration with two 
more portions of 25 c.c. Let 26*42 c.c. denote the mean volume of the acid 
used ill the titration, then 25 c.c. of the sodium hydroxide solution contains 
an amount of alkali corresponding with 26*42 c.c. of 0*5N-acid. If the alkali 
had been exactly 0*5N, like the acid, 25 c.c. of acid would have been used. 
Thus, every 25 c.c. of the alkali needs the 
addition of 26*42 - 25 - 1*42 c.c. of water to 
dilute it to 0*5N strength; consequently 
1000 c.c. will need 56*8 c.c. of water. 

Hence, pipette alkali solution from the 
flask until the liquid stands at the KKX) c.c. 
mark, and add 56*8 c.c. of water in order 
that the alkali may be exactly half-normal. 

Verify the accura(‘y of the dilution by re- 
peating the titration. 

Excellent results are obtained by using 
the modified methyl orange indicator re- 
commended by Hickman and Linstead.^ 

Dissolve 1 grm. of methyl orange and 1*4 ym, it.— nurotte with Guard Tube, 
grins, of xylene cyanole FF in 500 c.c. of 

50 per cent, alcohol; use two or three drops for a titration. Jn alkaline solu- 
tion the colour is green and in acid solution mag<mta, while at the neutral 
point it is grey without any trace of green or magenta. 

Ill the case of boric oxide titrations special care must be taken to exclude 
carbon dioxide. The burette and stock solution should be well protected from 
atmospherics carbon dioxide by using a soda-lime ^ tube as indicated in fig. 17, 
To test if the solution is really free from carbonates, make two parallel 
titrations with phenoljihthalein as indicator. If the one solution be hot 
and the other cold, carbonates will be absent if the two results agree. If 
otherwise, carbonates are present. 

Guard Standard solutions liable to absorb oxygen, e.g, stannous 

chloride and titanous chloride, can be kept in an atmosphere of hydrogen by 
connecting the air tube with a small apparatus for generating hydrogen when- 
ever the pressure in the bottle is reduced below atmospheric.'^ This can easily 
be done by means of a ])erforated boiling-tube containing metallic zinc and 
an acid jar, as shown in fig 70, page 1 83. These are fitted together like many of 

^ At first, it is li(^t to work with comparison flasks, as dcscribcHi on pap;e 49. 

® K. C. D. Hicki^n and R. 1*. Linstead, Journ, Chem. Soc., I2i, 2502, 1922. Compare 
F. X. Moork, Amer. Journ, Plmrm,^ 93, 675, 1921; G. Chabot, Bull. 80 c. chim. BeJg., 34, 
202, 1926; S. Hahncl, Svmsk Kcm. Tids., 47, 4, 1935; M. S. Kovtun, Zavadskaya Lab.y 6, 
229, 1937. 

® E. Fleischer {Chem, News, 19, 303, 1869) prefers a mixture of Glauber’s salt and caustic 
lime. A. Beutell, Chem. Zig., 12, 86, 1887. 

^ A. Sauer, Zeit. anal. Chem., 12, 177, 1873; R. Fresenius, Quantitative Chemical Analysis, 
London, i, 226, 1876; R. H. Ridout, Chem. News, 29, 3, 1874; G. S. Johnson, ib„ 57, 213, 
1888; H. C. Coram, ib.. 57, 241, 1888; E. Douzard, 16., 83, 18, 47, 1901; Sorgo, CAem. Ztg„ 
5» 146, 1880; E. Knecht and E. Hibbert, New Reduction Methods in Volumetric Atialysis, 
London, 47, 1918; F. Reach, Zeit. Oester, Apoth. Ver., 44, 159, 1906; C. J. van I^edden 
Hulsebosch, Pharm. Weekly, 43, 1309, 1906; A. Scholl, Zeit, Nahr, Genuss,, 15, 343, 1908; 
M. E. Pozzi-Escot, Bull. Assoc. Chim. Suer. Dist., 25, 1077, 1908; M. von Heygendorff, Pharm, 
169, 1909; S. Chumanoff, Jowm. Russ. Phys, Chem. i&’oc., 44, 566, 1912; H. Mannhardt, 
Joum, Amer. Chem. 80 c,, 27, 299, 1905; C. J. Schollenberger, Ind. Eng, Chem. Anal, Ed,, 
7, 199, 1986. 
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the small hydrogen sulphide generators Coram \s or Johnson’s. Mohr ^ 
recommended covering the solution with a layer of petroleum in order to 
prevent evaporation, oxidation, or the absorption of carbon dioxide by standard 



a test tube containing 5 to 10 c.c. of dilute (approximately 0*02N) caustic 
potash coloured with a drop of ])henolj)hthaloin. The test tube is also con- 
nected with a soda-lime tube, as shown in the diagram. The test tube with 
the potash serves to indicate the eihciency of the soda-lime. Gockel’s tube 
is rather neater (fig. 19). This may be attached both to the burette and to 
the stock solution, and charged with any desired solution. 

Preparation of Sodium Hydroxide Solutions Free from Sodium Carbonate , — 
The following process is recomtiiended by Cornog.^ Boil distilled water in 

^ F. Mohr, Zeit. anal. Chem.^ 8, 118, 1809. C. MtMiieke and K. Schroder {Ztit. offent. 
Chevi., 3, 5, 1896) prefer vaseline oil. With permanganate solutions, a small amount of 
manganese dioxide separates out at first, but afU*r standing a couple of months, the vaseline 
oil is said to have no appreciable elTect on the strength of the solution. H. Mannhardt {Journ, 
Amer. Chem. aSw., 27, 299, 1905) recommends two wash-bottles, one with ^^ellow' phosphorus 
and the other with water, for cutting off oxygen from oxidisable solutions, e.g. SnCl^. 

* F. B. Morgan, Journ. Arml. Apj^. Chpm., 2, 164, 1888; B. Pawolleck,' Rer., 16, 3008, 
1883. S. Gneiwosz and A. Walfiscz (Zeit. phys. Chmi.j i, 70, 1887) have shown that the 
absorption coefficient of petroleum for oxygen is gn^ater than that of water. 

» H. Blochmann, Liebig'^ Ann., 237, 39, 1887; H. Gockel, Chem. Ztg., 35, 279, 1911; 
M. Lindt, Met. Erz., 10 , 139, 1912. 

J. Comog, Journ. Amer. Chem. Eoc., 43, 2573, 1921. For other methods, see F. W. 
Kiister, Zeit. anorg. Chem., 13, 134, 1897; 41, 474, 1904; W. A. Smith, Zeit. phya. Chem., 
25, 155, 1898; H. J^ey, *6., 30, 205, 1899; W. K. Bousfield and T. M. Lowry, Phil. Trans., 
204, 253, 1905; E. Neitzel, Zeit. anal. Chem., 32, 422, 1893; W. Stahl, ib., 97, 86, 1934; 
F. Pregl, ib., 67, 25, 1925-26; 1. M. Kolthoff, ih., 61, 48, 1922; Phatm. Weekb,, 58, 1413, 
1921; S. P. L. Sorensen, Biochem. Zeit., 21, 186, 1909; W. P. Jorissen and H. Filippo, junr., 
Chem. Weekb., 6, 145, 1909; Zeit. angew. Chem., 23, 726, 1910; W. N. Hartley, Journ. Chem. 
Soc., 26, 123, 1873; 0. P. Hopkins, Journ. Amer. Chem, Soc., 23, 727, 1901; A. Findlay, 
Practical Physical Chemistry, London, 173, 1928; W. W. Kay and H. L. Sheehan, Biochem. 
Journ., 28, 1795, 1934; N. Allen and G. \\^ Low, junr., Ind. Eng. Chem. An(d. Ed., 5, 192, 
1933; J. E. S. Han and T. Y . Chao, ib., 3, 379,1931 ; 4, 229, 1932. For explosions during the 
preparation of standard sodium hydroxide from metallic sodium, see A. Harpf and H. 
Fleissner, Zeit. chem. Apparatenkunde, i, 534, 1906; F. W. Kiister, ib., 2, 535, 1906. For 
the preparation of colourless alcoholic solutions of potassium hydroxide, H. Thiele and 
R. Marc {Zeit. dffent, Chem*, 20, 386, 1904) recommend the use of potassium sulphate and 
barium hydroxide. See R. Gaze, Apoik. Ztg., 25, 668, 1910. 
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an Erlenmeyer flask until it is free from carbon dioxide. Close the flask with 
a soda-lime guard-tube and cool to room temperature. Then add ether until 
it forms a layer 3-4: cm. deep on the surface of the water. Next weigh out 
about the requisite quantity of unoxidised metallic sodium, freed from 
naphtha by pressing between folds of filter-paper. Add the sodium gradually 
to the ether, in pieces not exceeding 1 cm. in diameter. When all the sodium 
has been added, remove the bulk of the ether by a pipette and finally boil off 
the remainder. The layer of ether must be sufficiently deep to prevent the 
sodium coming into simultaneous contact with air and water, otherwise the 
reaction will become violent. If the ether evaporates appreciably ow'ing to 
the heat of the reaction, add more from time to time. 

If the temperature of the soda solution be more than 3"^ different from the 
standard tem])erature an allowance must be made for exj>ansion or contraction. 
The following correction table ’ (Table XT.) is used, as has been indicated by 
example, Tables VJ. and IX. (}>ages 22 and 40). For solutions more dilute, 
say 0-lN, the table for water (page 22) is used. 


Table XI, Temyeraiure Corrections for Normal Soda Solutions. 
(Standard tem])erature, Ib'^.) 




Temp. 

0 ' 

1 i 

2 


4 5 

6 

7 ' 

' s' 

!. 

1 

i •• i 

i 

1 


t i . — ^ 

1 .. i 4-2*0 

+ 1-9 1 

1 

i 1-7 1 

4 1*5 

4 1*3 

10 1 

4M 

f 0*9 j 

! 0-7 

-1 O-o 1 

-i 0*3 i Zero. 

-0*2 ! 

- ()-5 ! 

-0*7 

-10 

20 ! 

- 1-3 ! 

! 

. 1-5 1 

- 1*8 

-2*1 i 

1 2*4 1 -2*7 

1 

- 3.4 j 

-3*7 j 

-4*0 


§ 28. The Errors of Experiment in Volumetric Analysis. 

The principal errors incidental to volumetric w’ork ^ are: (1) unrecognised 
changes in the strength of the standard solutions; (2) inaccurate measuring 
instruments (page 29) — wdth care, these can usually be kept below 0*1 per cent. ; 
(3) in weighing the substances used in the analysis (page 19) — the errors in 
weighing need not exceed 0*1 ])er cent.: (4) the use of dirty burettes, and 
drainage errors previously discussed; and (5) a small excess of the standard 
solution is needed before the indicator wdll show the end of the reaction — this 
error is somewhat variable in magnitude and dej)end8 upon a number of factors. 
For instance, it depends upon the amount and concentration of the standard 
solution used in the titration and on the magnitude of the drops falling from 
the burette. In the regular types of burette, one drop is nearly 0*05 c.c. 
Hence, if the reaction be not completed on the addition of the last drop, and 
completed wdth the addition of one drop more, it is often assumed that half a 
drop, namely, 0*025 c.c., completed the reaction.® 


^ This table may also be used for N-W2S04; N-HNO3; N-NajCOg; N*NaOH. It is based 
on A, Schulze, Zeif, amt. Chem,, 21 , 167, 1882, and it can be easily adapted to other standard 
temperatures. 

* For the theory of the error of acid-alkali titrations, see H. N. McCoy, Amer, Chem, 
Jmm,, 31 , 512, 1904; A. A. Noyes, Journ. Amer. Chem. Soc., 32 , 815, 1910; P. S. Roller, 
f 6 ., 54 , 3485, 1932; H. T. Tizard and A. R. Boeree, Journ,. Chem. Nor., 119 , 132, 1921; 
H. A. ITales, Inorganic Quantitative Analysis^ London, 127, 1928. See also section 26. 

* In some processes, th(? “excess” of standard solution needed to produce a colour with 
the indicator is specially determined. This is done, for instance, in the uranium process for 

« orus (page 678), the ferrocyanide process for zinc (page 392,) and the chromate process 
>rides (page 69). 
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The smaller the amount of substance used in the analysis, the smaller the 
volume of the standard solution needed for the titration and the greater the error 
of experiment. If 4 c.c. of t he standard solution be used, half a drop, namely, 
0*025 C.C., may lead to an error of 0*62 per cent.; whereas, if 40 c.c. of the 
standard solution be needed for the titration, the corresj)onding error would 
be 0*0(>2 per cent. 

Again, suppose three independent determinations of the ferric oxid(‘ be 
made on 1 grm. samples of a given clay by titration with permanganate 
solution (1 c.c. representing 0*002527 grm. Fe^Og), and 1*0, 1*01 and 1*1 c.c. 
were respectively needed. Tlie corresponditig ])ercentage amounts of ferric 
oxide would be resjK‘ctive]y 0-2527, 0*2552 and 0-27SO grtn. Su])pos(‘, 
further, that with another samj)le of clay 10*0, 10*01 and 10*1 c.c. of per- 
manganate were needed in three independent tit rations. The coiTes])onding 
percentage amounts of ferric oxide would be 2*527, 2*529 and 2*552 grms. 
respectively. Again, su])pose that 100*0, 100*01 and 100*1 c.c. of jx-rman- 
ganate were needed with a third sample of clay. The corresponding amounts 
of ferric oxide would be 25*270, 25*272 and 25*295 grins. Henc(‘, the grc'ater 
the volume of the standard solution used in the titration, the less the eflect 
of small deviations in the measurement of the volume of the standard solution 
on the final result. 

Consequently, it is advisable to arrange the quantity of suhstajfce to he 
analysed, and the strength of the standard solution, so that a eomparatirely large 
volume of the standard solution is used. Since 50 c.c. burettt*s are generally 
used, something rather less than 50 c.c. is a convenient amount. For instance, 
5 c.c. of concentrated hydrochloric acid (sp. gr. 1*14) will require about 11 c.c. 
of N-NaOH solution.^ If an acid of sp. gr. I*t)i5 be in question, this has 
32 gnus, of HCl per 1000 c.c. Hence, 5 c.c. of this acid has 0*1() grm. of HCl. 
This would only tak(‘ about 4*4 c.c. of N-Na()Il. Hence, it is advisable* to 
use a more dilute soda solution, say 0*lN-NaOH, in which case, about 44 c.c. 
of the standard solution will be needed. For the analysis of more dilute 
solutions of acid, more dilute solutions of alkali will be needed say 0*01 N- 
NaOH.^ It does not follow that the weaker the standard solution the more 
accurate the titration, because, if the standard solution be too weak, a 
relatively large volume will be needed to colour the indicator after the end of 
the reaction, and nothing is really gained in accuracy. 

The above ])riiiciples can be discussed from another point of view. Su])pose 
2N-acid is used for the titration of a gram of sodium hydroxide, then 1 c.c. of 
the 2N-acid will represent 8 per cejit. of NaOH, and 0*1 c.c. will rejnesent 0*8 
per cent, of NaOH. Unavoidable variations in the amounts of standard acid 
needed for the titration of dupli(,'ates will represent an error of 0*2 to 0*3 per 
cent. NaOH. This error is too great, and it is considerably reduced by using a 
standard acid but one-fourth the strength, namely, 0*5N-acid. 

It is not advisable to make, say, 0*01N-NaOH by diluting 10 c.c. of 
0*lN-NaOH to 100 c.c. unless the solution so obtained is standardised. This 
arises from the fact that a small error in the measurement of the volume of the 
concentrated solution is multiplied into a relatively large error by the process 
of dilution. For a similar reason, if a concentrated solution of hydrochloric 


* Prom gravity tables, 1000 e.c. of acid, sp. gr. 1*14, have 315 grrus, H(4; consequently 
5 c.c. will have 1 *575 grms. HCL Sow since 36 5 grmH. HCl react with 40*0 grms. NaO H, which 
are contained in KK.K) c.c. of l*0K-sodium hydroxide solution, 1*575 grms, HCl will react 
with 1*575 X 1000/36*5 =:=43*1 c.c. of l ON-NaOH. 

To avoid refilling the burette frequently w'hen many titrations have to be made, one 
of the various forms of automatic burettes can be used. 
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acid of, say, sp. gr. 1*14 is under investigation, and it is convenient to work 
with a dilute standard solution, say, O-lN-NaOH, it is not advisable to take, 
say, 0*5 c.c. of the concentrated acid for the titration. Rather should 20 c.c. 
of the concentrated acid be made up to a litre, and 25 c.c. of this solution be 
used for the titration. The 25 c.c. of the diluted acid would represent 0*5 c.c. 
of the concentrated acid. 

Th(? reading is obviously the sharper, the narrower the burette. If the 
burette be narrow, it must have an inconveniejit length if it is to hold enough 
liquid for a titration. A 50 c.c. burette reading to 0*1 c.c. will be about 
GO cm. long, and the tube will have a bore of ap])roximately 11 or 12 mm. In 
special cases, as in the colorimetric determination of iron, where a burette 
reading to 0-02 c.c. is used, the burette is about 0-5 cm. bore, with a capacity 
of 10 C.C., and yet is 75 cm. long. 

These preliminary remarks may be used as a guide in the succeeding 
])robIems. For instance, to determine the amount of calcium carbonate in a 
samj)le of whiting, and the amount of calcium (airbonate in a given sample of 
ground flint or ground (,V)rnish stone. In the former case, the sample may 
have 9S ])er cent, of cahduni carbonate and in the latter, 2 per cent. Since 
50 grins, of calcium carbonate will corresjiond with 1000 c.c. of N-HCl, 1 grm. 
of calcium carbonate will correspond with 20 c.c. of N-HC’l. Hence, if 50 c.c. 
of N-HCl be ad<led to a gram of whiting, and the excess of H(1 be titrated with 
N-NaOH, we shall ne(‘d about 50 c.c. of the standard alkali. Again, 5 grins, 
of (‘alcium carbonate will correspond with lO(K) (^.c. of O'lN-HCl, and 1 grm, 
of calcium carbonate will correspond with 200 c.c. of 0-lN-H(’l. Hence, if 
the ground flint contains 2 jier cent, of calcium carbonate, 50 grins, of flint 
will want 200 c.c. of OdN-hydrochloric acid, or 5 grins, will want 20 c.c. of 
0*1N-H(5. Hence, if 50 c.c, of OdN^HOl be inixt^l with 5 grins, of flint, the 
titration of the excess of acid will require about 30 c.c. of ()-lN-HCl. 


§ 29. Direct Titrations — Sodium and Potassium Carbonates. 

Suppose that it be required to determine the amount of sodium carbonate 
in a given sample of soda ash. A quantity of the powdered soda ash is placed 
in a weighing bottle and dried at llO"". When cold, the bottle and contents 
are weighed. A portion, approximately 1 grm., is transferred to an Erlen- 
ineyer’s flask, say 4(K) c.c. The weighing bottle and contents are again 
weighed. The difference between the tw^o weights gives the amount of soda 
ash transferred to the flask : 

Weighing bottle and ])owder (before) . . . 25*2931 grins. 

Weighing bottle and powder (after) . 24*1110 grins. 

Weight of soda ash ..... 1*1821 grins. 

Add about 150 c.c. of water. When all is dissolved, add about two drops of a 
solution of methyl orange and titrate the solution with 0*5N-HC1 as indicated 
on page 52. Suppose that the experiment shows that 43*6 c.c. of the standard 
solution have been used. Then, since 

NagCOg + 2HC1 - 2 NhC1 + H/) + CO^ 

2 X 36*465 grins, of hydrogen chloride react with 106*0 grins, of sodium carbonate. 
But since 1000 c.c. of the half-normal acid contain 36*465/2 grms. of hydrogen 
chloride, it follows that 4000 c.c. of this solution will react with 106*0 grms. of 
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sodium carbonate, or 1 c.c. of acid represents 0*0265 grm. of sodium carbonate. 
Thus 43*6 c.c. of the semi-normal acid represent 0*0265 x 43*6 = 1*1554 grms. 
of sodium carbonate per 1*1821 grms. of sample; hence the sample contains 
97*74 per cent, of sodium carbonate. 

All this arithmetic is summarised in the expression: 

~-^^"- = per cent, of NagCOa 

where n represents the number of cubic centimetres of the 0-5N-HC1 used in 
the titration, and tv is the weight of sample used for the titration. 

It will be obvious that if w be exactly 2*65 grms., the number of c.c. used 
in the titration will represent directly the percentage amount of NagOOg in the 
given sample.^ It is sometimes most convenient to work according to the 
latter system (page 44). This question has to be solved: Is it quicker to 
weigh exactly the required amount, say, 1*325 grms., or to take an approximate 
weight and calculate the corresponding amount of sodium carbonate as in- 
dicated above? The answer will largely depend upon the number of deter- 
minations to be made and whether the weight of the substance is likely to 
change by the absorption of moisture during weighing. 

Washing-soda and ])earl-ash may be treated by a similar method to that 
described above. 

§ 30. Back Titrations^- Calcium Carbonate. 

Suppose that w’hitiiig is to be investigated. Weigh out exactly 1 grm. of 
the dried (110°) sample on a piece of black glazed paper.^ Brush ® every trace 
of powder from the paper into a dry 400 c.c. flask. Take care that no powder 
sticks to the neck of the flask and so escapes the subsequent action of the 


^ In that case \vc should have to use a 100 c.c. burette, or a normal solution. If 1-325 
grms. of powder be weighed, 2n will repre.sent the f)ereeritage amount of NagC’Oj in the sample. 

See page 60 ef fteq. for a more detailed aiialy.sis of soda ash. 

® F. Mohr, Liebig\t Avn., 86, 129, 185:i. 

* Cut into the form of an elongated y. The narrow end is not too wide to pas.s into the 
neck of the flask. The paper is folded lengthwise so as to form a kind of gutter. The powder 
is placed near the broad end, and the narrow end of the paper is placed in the neck of the 
flask. The flask is then placed upright and the powder is transferred to it by tapping and 
brushing. 

* Good camel-hair brushes, with the hair cut rather shorter than the brushes used by 
painters, are convenient for this purpose. A selected tail-feather of the Gallus domesticua 



Fro. 20. — Bust Brushe.s. 


(barnyard fowl), trimmed as indicated in fig. 20, is usually more effective than the brush. The 
brashes and feathers are best kept in a glass box. 
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acid.^ Alternatively the sample can be weighed out on a watch-glass and 
transferred to the flask through a dry funnel. Any particles of the whiting 
adhering to the sides of the funnel and the watch-glass are rinsed into the 
flask. The funnel is removed and 50 c.c. of 1-ON-HCl pipetted into the flask. 
When all action has subsided, shake the flask vigorously. Add two drops of 
methyl orange ^ and titrate the solution with ]*ON-NaOH until the yellow 
colour of the methyl orange appears.^ 

The calculation is as follows: - Suppose that v c.c. of 1-ON-NaOH were 
taken to neutralise the acid remaining after the reaction. Then, since 1 c.c. of 
J-ON-NaOH neutralises 1 c.c. of 1*0N-HC1, v c.c. of l*ON-NaOH will neutralise 
c.c. of LON-HCl. 

Hence, 

Volume of 1-ON-HCl taken c.c. 

Volume of 1-0N-H(-1 unused c.c. 

Volume of 1-ON-HCl reacting — (50 -v) c.c. 

Thus 100 grins, of the sample will react with (50 - r) x 100 c.c. of 1-ON-HCl or 
(50 - v) X 100 X 0-03b5 - 3*55(50 - v) gnus, of HCT 
I’rom the equatiim 

(Ja( 4 2HC1 - -h HgO 4 

it follows that 2 x 36*5 grins, of H(3 react with 100*08 grms. of ( hence 

3*65 X (50 ~ grins, of HC1 will react with [3*65 x (50 - e) x J00*08J/(2 x 36*5) 
= 5*004 (50 -r) grins, of CaCOg. 

A similar method can be used for evaluating substances such as barium 
and magnesium carbonates, zinc and magnesium oxides. The method can 
also be used for determinations of the amount of calcium carbonate in samples 
of ground flint or stone, folsjiar and powdered chert. A given weight of these 
materials is treated with decinormal acid and alkali as indicated above. For 
instance, 5 grms. of flint (dried at IKy) were digested with 50 c.c. of 0*1N-HC1 
on a water-bath. The cold solution was titrated with 0*lN-NaOH. The mean 
of three experiments gave 39*51 c.c. of 0*lN-NaOH. Hence, 50 -'39*51== 
10*49 c.c. of 0*1N-HC1 reacted with the calcium carbonate in the flint. But 
1000 c.c. of 0*1N-H(U correspond with 5*(K)4 grms. of (^aCO^; hence, 10*49 c.c. 
correspond with 0*05249 gnn. of OaOOa per 5 grms. of flint — that is, 1*05 per 
cent. CaCO^. Summarising the arithmetic, it follows that the percentage 


' Erlenincyer flaskR 21 a) with a broad neck are recommended for titrations. The 
nock and bottom should be such as to permit easy cleaning with the "‘bottle brush” and 




“policeman,” page 81. When liquids are effervescing or boiling, the neck should be stopped 
with a bulb made for the purpose, or a funnel. The stoppers are afterwards washed. To 
prevent loss by spurting, unsyranietrical Erlenmeyer flaslos may be used, such as Bolton 
flasks (fig. 21 b and c) or Herzka’s pattern (fig. 21 d and e). For divided flasks to counteract 
over-titration, see J. Lindner, Ohem, Ztg.^ 52, 868, 1928; J. W. Young, hid, Eng. Chem. 
Anal Ed., 6, 388, 1934. 

* If phenolphthalein he listed as indicator, the solution must be boiled before the titration 
in order to get rid of the carbon dioxide in the solution. 

® The “transition tint” is often taken as the end-point. 
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amount of CaCOg in the given sample is represented within a very small margin 
of error ^ by (50 - i’)/10. 

It will be observed that if ()*01N-NaOH had been used for the back titration 
with the idea of obtaining more exact results, the '‘increased accuracy would 

have been illusory, for the accuracy of the 
pro(*ess depends on the exactness of the 
measurement of the more concentrated 
solution. 

§ 31. Back Titration — Mixed 
Hydroxides and Carbonates. 

Suppose it be required to determine 
the amount of caustic soda in a given 
sample of soda ash.‘^ Dissolve, say, 50 
grins, in warm water, filter and wash 
the insoluble matter, if any be })resent.‘* 
Make the filtrate and washings up to I 
litre. Titrate 20 c.c., equiv^alent to 1 grin., 
as indicated above with O-oN-acid and 
methyl orange as indicator. This titration 
includes sodium carbonate as well as caustic 
soda and sodium sulphide, if these be present. 
To determine the caustic soda, pipette, say, 
40 <\c. into a 2tt0 c.c. flask, add a slight 
excess^ of barium chloride (20 c.(‘. of a 10 
per cent , solution will suffice). Barium car- 

Fk;. 22.— Measuring Liquids, bonate is preci[)itated. Make the liquid 

with the solid in sustiension up to the mark 
with cold distilled water. Shake the corked flask. When the solution is cold,^ 
again make it u]) to the mark on the neck with cold distilled water. Shake 

* Since tlie molecular weiglit of ealeium earbonale is UM>08, not KXl, the actual figures 
are (50 - r) xO lOOOS. 

2 Method due to C. Winkler. W. Pocthke and P. Manieke, Zeit. anal, Chem., 79 , 241, 
1929; A. (.\ Ander.sen, T/d,s-. Kcm. Ftinn. Ttrapi, II, 161, 1908; .7. Pharin. Ckim.,2Zf .'170, 1908; 
K. B. Warder. Ohtw. Nnrs. 43 , 228, 1881 ; P. I>. Aslanoglou. ib., 70 , 166, 1894; 0. A. Seyler, 
ih., 70 , 187, 1894; J. E. Clennell, ?/>., 71 , 93, 1895; W. K. Bidenour, ib.^ 84 , 202, TtK)! ; 
0. Lunge and W. Lohhofer, Z^it. arigetr, Chem., 14 , 1125, 1901 ; G. Lunge, ib., 10 , 169, 1897; 
d. Tillmans and O, Heublein, ib,, 24 , 874, 1911; A. Suehier, ib., 44 , .534, 1931. (There is 
an error due to the ese.aj)e of carbon dioxide obviated by the method indicated in the text.) 
F. W. Kiister, Zeif. arumj. Ch<m., 13 , 142, 1897; (\ F. Cross and E. J. Bevan, Zeif. anal. 
ChenL, 37 , 685, 1898; K. Novotny, Zeif. Elehrochem.. ii, 453, 1905; M. le Blanc? and 
K. Novotny, Zeit. an<yrg. ('hem., 51 , 181, 1906; M. le Blanc, ?7>., 53 , 344, 1907; F. W. Kiister, 
ib., 13 , 127, 1896; 8 . P. L. Horemen and A. C. Andersen, Ze.it. anal. Chem., 47 , 279, 1908; 
d. Lindner, ib., 72 , 135, 1927; 78 , 188, 1929; H, »S(‘ger and E. Cramer, Toniml. Zlg., 18 , 
593, 1894; B. North and W. C. Lee, Journ. *Soc. Chem. 1ml., 21 , 322, 1902; 8 . G. Simpson, 
Ind. Eng. Chem., 16 , 709, 1924; d. E. 8 . Ban, ib. Anal. Ed., 6 , 209, 1934; d. E. 8 . Han 
and T. Y. Chao, ib., 4 , 229, 1932. 

® The amount can be determined by drying and weighing, if nciedod (page 133). 

* According to Vi. 8 mith {Janm. Eoc. Chem.. Iml., i, 85, 1882), if a large excess of barium 
chloride be used, some alkali will lost by adsorption. Exact precipitation is nee-fissary to 
secure accuracy. 8 . P. L. Sorensen, Zeit. anal. Chem., 45 , 220 , 1906; 47 , 279, 1908. 

® A COOLING BOX, in eases like this, where sp?ed is essential, will l)e found a great con- 
venience. This can be made of wood lined with sheet lead or sheet copper, and provided 
with entrance and overflow pipes for the cold water. The flask or flasks to be cooled are 
placed in the box, and a current of water allowed to flow through the box. To prevent the 
flasks overturning, either a series of lead rings can be provided to fit on the necks of the 
flasks, or a shelf with sockets may be fitted to the box. 
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the flask. Either lot the precijntate settle and |)i])ett(^ ofT 50 c.c. from the 
clear liquid, or filter a })ortioii of the solutioji and take 50 (;.c. from the 
filtrate.^ The standard flask shown in fig. 22 will be found very convemient 
for withdrawing aliquot portions from, say, a litre of solution. 1+ is an 
ordinary litre flask with a sid(^ tap sealed into it before graduation, as shown 
in the diagram. Titrate the 50 e.e. with, say, O-lN-HCl, using methyl orange 
as indicator. Each (mbi(; centimelre of the 0- J N-acid will represent 0*004 grin, 
of NaOH per 0*5 grm. of soda ash; or, otherwise*, the percentage of NaOH 
in the soda ash is 0*8o, where r is the volume of 0-lN-HCJ used to titrate the 
above 50 c.c. of solution. - 

Sulphides in the presence of chlorides ean Ik* determined vohimef ritually by [.lesttdle's 
process,® in whi(4i 100 (;.e. of a. solution eentaining thcj equivalent of, say, 5 grnis. of 
soda ash are titrated with an aminoniaeal solution of silver nitrate/ until no black 
precipitate of silv'er sulphide - AgaS—ia frjrnied on adding anoth(‘r drop of the silver 
nitrate solution. observe the (‘nd-point accurately, the solution is filtered towards 
the end of the titration,"' ^\'hieh is then eontinued if necessary. It may he necessary 
to repeat the filtration a number of times. With the* above pro])ortionH, 1 e.c. of the 
standard s(^lutif>n represents 01 per cent, of sodium sulphide in the given sample.**' 

Suljihitea are determined by aeiilulating 100 e.c. of a solutir>n containing the 
equivalent of o grms. of the sample with acetic acid. Add stanch solufion and titrate 
with a standard iodine solution " until the blue colour of ‘'siarch-iodidt*” is })ermauent. 
For every I c.(‘. of the silver solution used in the sulphide test, deduct 5- 1(3) e.c. from 
the icxline solution used in tlie titration. Each e.e. of the iodine* solution is (‘(piivalent. 
to 0-001570 grm. Naj,S();, or 0 0315 per cent. NaaSO..,. 

SeKlium sulphate* is be*st determiTU‘-d gravim<‘tri<*ally as barium suljihate (page 703); 
seKlium chloride* is dete^rmined hv Mohr's process (j»age‘. OS); iron, by the permanganate 
preK^ess (page ISO); anel soelium silicate, by evape>ratie>n with liyelroe-hle)rie aeiid 
(page 147). 


^ According to .'\. Muller {Journ. pmlt. Chcw.y (1), 83 , 384, 1801) the filter paper aelse^rbs 
an appreciable cpiantity of the barium salt, and give*s le)W results. But here we are now only 
concenufd with th(3 soelium hydrejxiele, 

* Soelium .sulphiele, if pre>sent, will he included in this re*snlt, anel a deduction must be 
made after the sulphides have beeui determined. 

® H. Lestelle, Cowpi. rend,, 55 , 789, 1802. 

* AMMe)NiA<JAL SiLVKR NiTKATK. — Dissolve 18-8203 grms. of silver in pun* nitric acid, add 
250 e.e. of cone'cntrated ammonia anel dilute the solution to a litre. 1 e.e. represents 0-005 
grm. NagvS. The ammonia ke^eps the silver ehle>rido in solution. 

* Some reexjinmenel a Beale's tula* for this purpose. A piece of filte-r-pajK*!’ is tied over the 
lower end A, fig. 23, anel a piece* of muslin is tieel over the pajx*r to pn*vent it breaking. When 



Fkj. 23. — Beale’s Filter Pipette. 

the end A is dipped in the mixture, clear liquid rises in the cylinder. This is poured from the 
little spout B and tested. If the titration be not completed, the liquid withdrawal must be 
returned to the main solut ion. 

• If no sulphites are present, the titration for sulphides is best maile by the process used 
for sulphites as given in the next paragraph. 

’ lomKB Solution: 3-173 grms. of iodine per litre, i.e, 0 025N. See page 287 for details — 
preparation and precautions. 



62 


A TREATISE ON CHEMICAL ANALYSIS, 


§ 32. Correction for the Volume of Suspended Solids. 

Jt is here necessary to examine the nature of the error due to the assumption 
that the solid barium carbonate in suspension occupies no appreciable volume. 
The error will obviously be negligibly small when the volume of the solid is 
small in comparison with the volume of the solution, but the error may be 
con8ideral)le when the volume of the precipitate is appreciable in comparison 
with the volume of the fiask.^ It is therefore necessary to look into this 
subject more closely. 

By a previous titration we found the amount of sodium carbonate per 
20 c.c. of solution, that is, per gram of soda ash; let the amount of sodium 
carbonate so found be a grins. One gram of sodium carbonate is equivalent to 
1*8(52 grms. of barium carbonate. Hence, a grms. of sodium carbonate will be 
equivalent to l*862a grms. of barium carbonate. The specific gravity of dry 
barium carbonate is 4*3. Hence, the volume of the barium carbonate will be 
0*433a c.c. If the soda ash contained 98 per cent, of sodium carbonate, 
a — 0*98. Thus the barium carbonate produced by the precipitation of the 
sodium carbonate in one gram of the soda ash (or 20 c.c. of the solution) will 
occupy 0*133 X 0*98 = 0-424 c.c. Now in the determination of the caustic 
soda in the soda ash, 40 c.c. of solution were taken and, after precipitation of 
the carbonate, the solution and suspended solid were made up to 200 c.c. 
Hence, the actual volume of the liquid was not 200 c.c. but 2(X) - (2 x 0*424) 
= 199*152 c.c. By drawing off 50 c.c. for the titration we drew, not the 
equivalent of 0*5 grm., but of 0*5021 grm. Consequently, each c.c. of the 
0*lN-acid represented 0*004 grm. of NaOH per 0*5021 grm. of soda ash, i.e. the 
percentage of sodium hydroxide in the soda ash becomes 0*7966t’ instead of 
0*8?^ (see page 61 ). The error may be somewhat serious when appreciable 
amounts of NaOH are in question, although the correction is usually neglected 
in practice . 2 

The process just indicated may be a little more complicated. In determin- 
ing soluble sulphates, a known amount of barium chloride may be added to the 
slightly acidified solution. The solution is boiled to get rid of carbon dioxide 
and then exactly neutralised. An excess of a standard solution of sodium 
carbonate is then added. The solution is made up to a definite volume and the 
excess of sodium carbonate in an aliquot portion of the clear liquid titrated 
with standard acid. This gives data sufficient to calculate the amount of 
barium chloride which reacted with the sodium carbonate. The remaining 
barium chloride must have reacted with the soluble sulphates. We have both 
barium sulphate and barium carbonate in suspension. For the sake of illustra- 
tion, assume that it is required to calculate the amount of barium chloride in a 
given solution. Add an excess of sodium carbonate, say, N or 1000 mgrms. (i.e. 
1 grm.), and make the solution with the precipitate in suspension up to the 


^ 0. Eberhard, Ze.it. offent. Chem., 4, 867, 1898; M. Kuosh, ZeiL anaL Chem,^ 37 , 422, 1808; 
M. Bicard and H. Pellet, Zeii» anal. Chem., 24, 460, 1885; Hull. Assoc. Chim. Sue., i, 230, 
1885; E. Lcnoble, Bull. See. chim., (3), il, 336, 1895; W. R. Smith, Joum. Amer, Chem. 
Soc., 31 , 935, 1909; H. D. Steenbergen, Chem. Weekb., 15 , 1268, 1918, In the previous deter- 
mination advantage may be taken of the fact that dilute solutions of oxalic acid exert no 
appreciable action on alkaline earth carbonates, to titrate with standard oxalic acid all the 
liquid with the precipitate instead of an aliquot portion. Phenolphthalein as indicator. 

* Say, checking the composition of black ash; videQ. Lunge, Joum. Soc. Chem. Ind., 9 , 
1013, 18^. The neglect may be sometimes justified when comparable results are alone re- 
quired, In some cases the error might even be greater than the percentage amount of the 
constituent in question. A difierent method of analysis, of course, is then used. 
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V c.c. mark in a standard flask, say, V = 50 c.c. Either pipette or filter v cx. 
of the clear solution, suppose ?) = 25 c.c. The sodium carbonate is determined 
by titration with standard acid. Suppose that 22*35 c.c. of 0*2N-acid arc 
needed. Hence, 50 c.c. needed 22*35x2 = 44*7 c.c. of 0*2N-acid; then the 
excess of sodium carbonate, w, was 44*7 x10*6 = 473*8 mgrms. Thus the 
amount of sodium carbonate reacting with the barium chloride is 1000 -473*8 
= 526*2 mgrms. But 1 grm. of sodium carbonate is equivalent to 1*862 grnis. 
of barium carbonate, consequently 526*2 mgrms. of sodium carbonate will 
represent 1*862 x 526*2 = 979*8 mgrms., say a mgrrns., of barium carbonate, or 

a = l*862{10(K)-w’) .... (1) 

This number a = 979*8 mgrms. is not quite right, because we did not allow for 
the volume of the i)recipitate. Let A be the right value which would have 
been obtained had the precipitate been filtered off, washed, and the filtrate and 
washings made up to V c.c. Then, 

^ = 1*862(1000 -If) .... (2) 
where W represents the correct excess of sodium carbonate which would have 
been obtained in the filtrate if the precipitate had occupied a negligibly small 
volume. Let s denote the specific gravity of the precipitate (sp. gr. BaCOj 
= 4*3). The precipitate then occupies AjlOOOs c.c. Hence (F -A/iOOOfi) c.c. 
of solution actually contain w grins, of sodium carbonate, whereas if the pre- 
cipitate had occupied a negligible volume, this weight of sodium carbonate 
would have been contained in F c.c. Thus 

W^w(V -AjlOOOsyV or w-W^^wAllOOOsV 
The error is, then, from (1) and (2), 

^ - a = l*862(w; - If ) = 1 *862^ Wl 000s F 

Consequently 

1000s Fa 

“ lOObsF - 1*862?/; 


Substituting this value for A on the right-hand side of (3) we get: 

_ l*862a?/; 

^ ® “ iooos r -T862 w 


The term 1*862?^> in the denominator is very small in comparison with 1000s F, 
so that it can be omitted without materially affecting the value of the fraction. 
Hence, the error 


1000 X 4*3 : 




Thus the total weight of the barium carbonate is 979*8 + 4*0 = 983*8 mgrms. 
The amount of barium chloride corresponding with this barium carbonate is 
readily calculated. All this arithmetic may be summarised in the formula: 

Weight of precipitate = r{N - ?^;)^1 + 

where N denotes the weight of the precipitating agent in mgrms. (1000); s, the 
specifiic gravity of the precipitate (4*3) ; F, the volume of the measuring flask 
(50) ; w, the excess of the precipitating agent (473*8); and r, the ratio of the 
equivalent weight of the precipitate and precipitating agent (98*68 + 53*00 
«= 1*862). A great many rapid processes involve the use of one or other of 
these two methods of correction. Once the reasoning is understood, there is 
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no need to go through all the ste])s. The numbers corresponding with the 
letters can be substituted directly in formula (4).^ 

§ 33. Sodium Silicate -Water-Glass. 

In commercial water-glass sodium silicate the ratio SiOg : NagO 
generally lies between 2 : 1 and 4:1. In analysis, it is generally assumed 
that free caustic alkali is jjresent when this ratio falls below 1:1, corresponding 
with about 50*8 per cent, of NagO, or with NagO.SiOg. Water-glass is found 
on the market in the form of a solid yellowish or greenish glass, or in a more or 
less viscid aqueous solution. 

For analysis, 10 grins, of the solid are ground to a very line powder and 
dissolved in hot watcr,^ or 20 grins, of the liquid are digested in water. In both 
cases the solution is made up to blX) c.c. It may be necessary to let the 
solution stand some time in order to allow the insoluble matter to settle as a 
sediment.^ 

1. Coinlmied and Free Alkali — Titrate lOO c.c. of the clear solution with 
N- or 0-5N-HC1, using phenolphthalein as indicator. The action of the acid is 
represented by the equation 

NagSiOa + 2HC1 - 2NaC11 -h HgBiOg 

The liberated silicic acid does not affect the indicator. The reaction towards 
the end is very slow and the indicator may appear to be permanently de- 
colorised before the reaction is complete. Th(‘re is therefore some danger of 
under-titration. If, however, a large excess of sodium chloride be added before 
the titration, this difficulty does not give much trouble.® From the preceding 
equation, w’e see that every c.c. of N-hydrochloric. acid corres})onds wdth 
0*031 grm. of NagO. Hence, if icgrms. of the sanqde w^erc made up to 500 c.c., 
and if c.c. of the N-hydrochloric acid w'ere used in titrating 100 c.c. of the 
solution, the sample has 0*155?? grm. of NagO per iv grins, of sample. 

2. Free Alkali . — To 100 c.c. of the solution,’ add 100 c.c. of a solution of 
10 grins, crystalline barium chloride gradually wdth constant stirring. Make 
the solution up to 250 c.c. Shake well. Filter through dry filter-paper. 
Keject the first 20-30 c.c., and titrate the next 100 c.c. wdiich passes through 
the paper with 0*1 N-hydrochloric acid and phenolphthalein.® Since 1 c.c. of 
0*1 N-hydrochloric acid corresponds wdth 0*0031 grin, of NugO, if n c.c. of this 
acid are used in the titration, nx 0*0031 grm. of NugO is present in 100 c.c. 
Hence, n x 0*0031 x 2*5 = 0*00775?i grm. of NagO is present in the 250 c.c. 
Hence, the sample has 0*03875w grm. of NagO per w grnis. of the sample taken. 


^ It is also possible to compute the volume of the solid matter in sus];)enHion by an applica- 
tion of the principle indicated in § 32, page 62. 

* There are some reasons for doubting if the assumption is valid. 

® Some samples of water-glass dissolv'e only with great difficulty. 

* The sediment can be filtered off, washed and determined later, d, Ordway, Chem. News, 
9,61,1864. 

* The term “combined alkali” does not here include the alkali which may be present in 
the form of neutral salts — e.g. sodium chloride. There is usually so little sediment that the 
correction indicated on page 62 is not needed. 

® R. T. Thomson, Chem. News, 47, 136, 1883 ; C. Lunge and W. T. Lohofer, Zeit. 
ungew. Chem., 14, 1125, 1901. 

’ The solution should be as concentrated as possible. Hence, some prefer to take 10 grms. 
made up to 100 c.c. for tbk determination. 

* P, Heermann, Chem. Ztg., 28, 883, 1904. If sodium carbonate bo present, it will be 
precipitated as barium carbonate by the barium chloride. 
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The difference between the results of this and the preceding titration 
represents the amount of combined alkali.^ 

Calculatioyi. — Suppose that lOgrms. of the powder were made up to 500 c.c, 
and that 21-2 c,c. of N-hydrochloric acid were needed for the first titration, 
and 1*85 c.c. of 0*1 N-hydrochloric acid for the second titration. The results 
are expressed: - 

Free alkali ....... 0*72 per cent. 

Combined alkali . . . . . . 32*14 ,, 

Silica 63*81 

Alkali chlorides, etc. ..... 

Insoluble matter ...... 

Water (loss on ignition, page 136) ... 

The basicity ^ of the sample, that is, the ratio SiOg : NagO, or the molecular 
proportion of the silica to the free and combined alkalies, regarded as soda, is 
(63*81 -- 60)/(32*86 -: 62)-2*01. 


§ 34. The Volumetric Determination of Chlorine and Silver— 
Volhard’s Process. 

When potassium or ammonium thiocyanate is added to a solution of silver 
nitrate, a white ])reci})itate of silver thiocyanate is formed: 

AgNOa + NH4CNS - AgCNS + NH4NO3 

The precipitate is insoluble in nitric acid. The reaction occurs even in presence 
of ferric salts, and only when all the silver has been precipitated does the 
thiocyanate react with the ferric salt, forming the characteristic blood-red 
colour of ferric thiocyanate. The persistent appearance of this coloration 
shows that the titration is finished. Ferric nitrate or sulphate can be used as 
indicator, but not the chloride. Himilarly, the water and other reagents must 
be free from chlorides. ^ This method is due to Charpentier, but usually called 
Volhard^s process.^ 


^ The term “alkali” used here is supposed to represent soda, but potash may be present. 
If a distinction is necessary, a special analysis may be needed to dt*trrraine the ratio KgO : NagO. 
The silica is determined by evaporating 100 c.c. with hydrochloric acid, as indicated on page 
147. The filtrate is treated with ammonia, ammonium carbonate and ammonium oxalate. 
Filter. The filtrate is evaporated with hydrochloric acid, ignited to drive off ammonium salts 
and the residue is supposed to represent the “alkalies.” See page 220 for details. The 
“total alkalies” so obtained, less the fr«*e and combined alkalies, are regarded as alkali 
belonging to the neutral salts, vaj, alkali chloride. For tlic determination of silica in 
water-glass, see F. S. Pertschik, Zv'it, anal, Chem,, 94 , 23, 1933; S. S. Korol and V. M. 
Koluzhskaya, Zavodfikaya Ijob., 3 , 908, 1934. 

* The term “acidity ” might perhaps be more appropriately applied for the ratio SiOj : NagO. 

* Chlorides interfere not only by removing silv<*r as insoluble chloride, but they also 
interfere wdth the end-point, since silver chloride removes part of the red ferric thiocyanate 
from the solution. 

* J. Volhard, Joum. prnkf, Chem., ( 2 ), 9 , 217, 1874; Liebiy'n Ann.^ 190 , 1, 1878; Zeit. 
anal, Chem., 13 , 171, 1874; 17 , 482, 1878; d. B. Schober, ib., 17 , 407, 1878; G. Briigelmann, 
ib., 16 , 1, 1877; 1. M. Kolthoff, ib„ 56 , 568, 1917; M. B. Shchigol, ib„ 91 , 182, 1932; F. A. 
Falk, Ber., 8 , 12, 1875; B. G. Geiitil, Wochenschr, Pharm.^ 30 , 133, 1903; P. Charpentier, 
Bull. Sac. Ing. Civ. France, 325, 1870; E. Drechsel, Jovrn. prakt. Chem., (2), 15 , 191, 1877; 
C. Mann, Oester, Zeit. Berg, liuU., 26 , 426, 1878; H. F. von Jtiptner, ib., 28 , 33, 51, 1880; 
O. Lindemann, Berg. HuU. Ztg., 35 , 333, 1877; L. A. Congdon ct al., Chem. News, 129 , 302, 
317, 334, 1924; F. T. Shutt and H. W. Charlton, ib., 94 , 258, 1906; Trans. Hoy. Soc. Cajmda, 
II, 67, 1906; A. Dubose, Awn. Chirn, Anal., 9 , 45, 1904; C. Hoitsema, Zeit. angew. Chem., 
17 , 647* 1904; V. Kothmund and A. Burgstaller, Zeit. anorg. Chem., 63 , 330, 1909; E. M. 
Hamilton, Min. Scientific Press, 102 , 364, 1911; A. T. Stuart, Journ, Amer. Chem. Soc., 
33 , 1344, 1911; A. E. Knorr, ib., 19 , 814, 1897; J. V. Lawrence and J. A. Harris, ib., 46 , 

5 
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Standardisation of the Solutions. — A standard solution of, say, O’lN-silver 
nitrate is made by dissolving 16*9888 grins, of pure silver nitrate ^ in water, and 
making the solution up to a litre with distilled water at 15^. A solution of 
potassium thiocyanate is made by dissolving 10 grms. of the salt in water and 
making the solution up to a litre. ^ This latter solution is standardised by 
pipetting, say, 25 c.c. of the silver nitrate solution into a white porcelain dish ® 
and acidifying with a moderate excess of dilute nitric acid. Run the potassium 
thiocyanate solution from the burette until most of the silver is precipitated* 
as white silver thiocyanate, AgCNS, and then add about 5 c.c. of solution 
of ferric alum ^ to act as indicator. Each drop of the thiocyanate solution 
produces a white cloud of silver thiocyanate coloured with a reddish halo 
of ferric thiocyanate. The colour disappears on shaking, provided any 
silver nitrate remains in the solution. When all the silver has been pre- 
cipitated as insoluble silver thiocyanate, one drop of the potassium thiocyanate 
will colour the solution reddish-brown. The colour persists after a vigorous 
shaking. The reddish-brown colour produced when the titration is not quite 
finished is but slowly removed when the solution is vigorously agitated. Hence 
it is necessary to guard against “under-titration.” ® 

Suppose that 24*3 c.c. of the potassium thiocyanate solution are needed for 
the titration, it follows that 24-3 c.c. of this solution correspond with 25 c.c. of 
silver nitrate. If the potassium thiocyanate is to be exactly 0*1 normal, the 
24*3 c.c. must be diluted to 25 c.c. Hence, proceed as indicated on page 39. 

Determination of Silver , — The titration of the nitric acid solution of the 
sample ’ under investigation is conducted in the same way as that described for 
the standardisation of the potassium thiocyanate solution. The method is 
valuable provided an accuracy of 0*1 per cent, will suffice. The results are a 
little low when large quantities of silver are present, owing possibly to (1) the 
adsorption of some of the silver nitrate by the precipitated silver thiocyanate; 
and (2) the action of the precipitate on the solution. The process can also be 

1471, 1924; T. K. Rose, Jourti. Chem. Soc.,, 77, 232, 1900; A. B. Keys, ih., 2440, 1931; 
Y. ]S\ Ivano v^,yowm. liuss. Phys. Chem, Soc., 45, 66, 1913; Chem. Ztg,, 37, 427, 1913; C. T. 
Hirst and J. E. Greaves, Soil Sci., 9, 41, 1920; B. van der Brug and G. A. Koppejan, Chem, 
Weekb., 21 , 66, 167, 1924; I. M. Kolthotf and O. Toinidek, ib., 21, 106, 124, 1924; 1. M. 
Kolthoff, ib.f 21, 188, 1924; J. R. Caldwell and H. V. Moyer, Itid, Eng, Chem, Anal. Ed., 

7, 38, 1935; I. M. Kolthoff and J, J. Lingane, Joum, Amer. Chem, Soc., 57, 2126, 1935. 

^ Powdered and dried at 130° for about an hour. The silver nitrate solution may also l)e 
prepared by dissolving 10-788 grms. of pure metallic silver in 50 c.c. of dilute nitric acid. 
Boil off the nitrous fumes, since they interfere with the indicator later on. Dilute the 
solution to a litre. 

* It is very difficult to weigh out an exact quantity of potassium thiocyanate, owing to 
its deliquescent character. Hence the solution mu.st be standardised. If a solution of 
definite strength bo needed it is best to take rather more salt than is necessary and, when 
the strength of the solution has been determined, dilute the solution as indicated on page 39. 
However, for the use of potassium thiocyanate as a primary standard, see I. M, Kolthoff 
and J. J, Lingane, Journ. Amer. Chem. Soc., 57, 2126, 1935. For the stability of solutions 
of potassium thiocyanate, see E. N. Taran, Jemrn. Gen. Chem., U.S.S.B., 5, 002, 1935; F. H. 
Campbell and G. R. Hook, Proc. Soc. Chem. Ind. Victoria, 36, 1106, 1936. 

* Or in an Erlenmeyer flask or beaker, and then titrate with a white background as 
described on page 49. 

* The results are low if the temperature be much higher than 26°. The nitric acid then 
‘bleaches” the ferric thiocyanate. Sufficient nitric acid should be present to remove the 

colour produced by the indicator before the titration is finished. An excess of nitric acid 
does no particular harm, but a large excess gives low results since it retards the formation 
of the ferric thiocyanate at the end of the titration. 

* Febric Alum Solution — D issolve 10 grms. of ferric alum in 90 c.c. of water. 

•In case of “over-titration” a known volume of the standard silver nitrate solution can 
be added to the solution and the titration continued. Due allowance must, of course, be 
made for the additional silver. ’ For example, a silver coin, dissolved in nitric acid. 
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used in the presence of barium, bismuth, antimony, arsenic, lead, iron, man- 
ganese and zinc. Mercury interferes with the titration, since it is precipitated 
by the thiocyanate. Copper, cobalt and nickel form coloured solutions and 
thus interfere with the indicator, although it is claimed that 70 per cent, of 
copper will not spoil the determination. 

Silver, in acid solution, can also be determined by direct titration with a 
standard solution of potassium iodide ^ or potassium bromide.^ 

Determination of Chlorides , — By this method silver can be determined in the 
presence of nitric acid, whereas Mohr's chromate pro(‘.ess requires a neutral 
solution. Hence, the thiocyanate process can be used to determine the halides 
— chlorine, bromine and iodine -in the presence of phosphates and other salts 
which give preci})itates with silver in neutral solutions, but not in acid solutions. 
Chlorides, bromides and iodides in solution are determined by adding an excess 
of a standard solution of silver nitrate. The excess of silver which has not 
reacted to form silver chloride is determined by titration with the standard 
thiocyanate.^ Thus, W. Dittmar determined chlorides in sea-water by precipi- 
tating the chloride with an excess of standard silver nitrate, filtering off the 
silver chloride and titrating the excess of silver nitrate as indicated above. 

It is important to filter off ^ the precipitate of silver chloride,^ owing to the 
fact that the silver chloride reacts with the soluble thiocyanate so that 165 
times as much excess 0-1 N-ammonium thiocyanate per 200 c.c. is needed to 
produce the red coloration in the presence of silver chloride as is needed when 
the chloride is absent.® The results in the presence of the precipitated chloride 
are more variable and some 2 per cent, low under conditions where the results in 
the absence of the precipitated chloride are satisfactorily constant, and but 0*15 
per cent, high when the silver chloride has been filtered off."^ The presence of 
sulphates interferes with Volhard’s process, because appreciable quantities of 
silver sulphate are precipitated with the chloride and thiocyanate.® 

Example. — An aliquot portion, say 20 c.c., of the solution of soda ash indicated on 
page 60, or an aqueous solution of a gram of the dry salt, is treated with an excess of 
nitric acid. Then add an excess, say 25 c.c., of O lN-silver nitrate solution, and 
titrate with 01 N-p(jtassium thioc^yanate solution as indicated above. Suppose that 
24-2 c.c. of the O lN-potassium thiocyanate solution are needed. This is equivalent to 


^ L. Schneider {Journ, Awer. Chem. *Sor., 40 , 583, 1918) uses palladous nitrate as internal 
indicator; P. Fleury and J. Oourtois {Bull. Soc. chim., (4), 49 , 860, 1931), starch-iodine; 
C. S, Shapiro {Jmtm, Lab. Clin. Med., 20 , 195, 1934), starch; A. Bloom {Ind. Eng. Chem. 
Anal. Ed., 8 , 167, 1936), a ceric salt and starch. 

* A. J. Berry, Analyst, 61 , 315, 1936. Tartrazino or phenosafranine are used as adsorp- 
tion indicators (see page 71). 

® For iodides, the nitric acid is added after the standard silver solution. 

* Say, in a filter tube containing glass-wool (page 89). 

® M. A. Rosanoff and A. E. Hill, Journ. Amer, Chem. Soc., 29 , 269, 1407, 1907; Chem. 
News, 96 , 264, 274, 299, 1907; G. A. Sanger, Proc. A7ner. Acad., 26 , 34, 1879; G. Briigel- 
mann, Zeit. anal. Chem., 16 , 1, 1877; E. Drechsel, ib., 16 , 351, 1877; Journ. prakt. Chem,, 
(2), 15 , 191, 1877; O. Kniipfer, Zeii. phys, Chem., 25 , 266, 1898; L. L. de Koninck, Chem, 
Ztg., 15 , 1558, 1891; L. A. Congdon et al., Chem. News, 129 , 302, 317, 334, 1924. Instead 
of filtering off the precipitated chloride, V. Rothmund and A. Burgstaller {Zeit. anorg, Chem., 
63i 330, 1909) coagulate it by adding sufiicient ether to form two layers, and then finish the 
titration. Alternatively, M. B. Shchigol {Zeit. anal. Chem., 91 , 182, 1932) adds 5-10 c.c. of 
benzene, toluene or xylene before precipitation, while J. R. Caldw'ell and H. V. Moyer {Ind. 
Eng. Chem. Anal. Ed., 7 , 38, 1935) recommend the addition of 1 c.c. of nitrobenzene for 
each 0*05 grm. of chloride in solution. 

• With bromides and iodides, the interference of the precipitated salt is negligibly small, 
owing to the much lower solubilities of silver bromide and iodide in water, 

’ A. B. Keys (Journ. Chem. Soc., 2440, 1931) has described a micro-modification of the 
Volhard process which is stated to give an accuracy of the order of 0*001 mgrm. of chlorine. 

• L. W. Andrews, Journ. Amer. Chem. Soc., 29 , 275, 1907. 
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24-2 c.c. of the silver nitrate solution. Hence, 25 “24-2 = 0*8 c.c. of the silver nitrate 
solution has formed silver chloride. But 1 c.c. of O lN-silver nitrate solution will 
react with 1 c.c. of O lN-sodium chloride solution, i.e. 0 0058454 grm. of sodium chloride. 
Thus the solution contains 0*8 x 00058454 — 0-0047 grm. of sodium chloride. Hence, 
the sample has the equivalent of 0-47 per cent, of sodium chloride. 

§ 35. The Volumetric Determination of Chlorides — Mohr’s 
Chromate Process. 

If a solution of silver nitrate be gradually added to a neutral solution of an 
alkali chloride containing a little potassium chromate, silver chloride will be 
precipitated. The reaction is represented by the equation : 

AgNOg + KCl = AgCl + KNO 3 

When the reaction is complete, any further addition of the silver nitrate reacts 
with the potassium chromate: 

2AgN03 + - Ag2Cr04 + 2KN()3 

The permanent red tint of the silver chromate so develo[)ed indicates that the 
reaction between the silver nitrate and the alkali chloride is at an end. The 
reaction is quantitative and was used by Mohr for the volumetric determina- 
tion of chlorides^ by using a standard solution of silver nitrate. 

If acids be present, the chromate may form dichromate, wdiich interferes 
with the recognition of the end-point and, moreover, acids dissolve appreciable 
quantities of the silver chromate, and the end-point is then indistinct. Hence, 
any acids \vhich may be present should be neutralised by sodium car])onate, or, 
better, by pure calcium carbonate. ^ If the solution be feebly alkaline, owing 
to the presence of a slight excess of carbonate, a little silver carbonate will 
be precipitated with the chromate. Alkaline solutions should accordingly be 
neutralised with acetic or nitric acid. A slight alkalinity is not so baneful as a 
slight acidity. 

The Titration, — Dissolve a gram of the dried sample under investigation in 
water and make the solution up to 1(X) c.c. Pipette 25 c.c. into an Erlenmeyer 
flask and add 1 c.c. of potassium chromate solution.® Gradually add (MN- 
silver nitrate solution ^ with constant stirring or agitation. When the chloride 

^ J?\ Mohr, Liebig's Ann,, 97, 335, 1856. Mohr first used potassium arstmate as indicator; 
A. Levol {Bull. Soc. Eneour.^ 52, 220, 1853; Jourti. prakt. Chefti., (1), 60, 384, 1853) used 
sodium phosphate; F. Stolba {Zeit. aunt. Chem.^ 13, 05, 1874), potassium calcium chromate. 
See B. M. Margosches, Zeit. anorg. Chem., 41, 68, 1904; L. L. de Koiiinck and E. Nihoul, 
Zeit. an^eiv. Chem., 4, 295, 1891; M. Lombard, Bull. Soc. chitn., (4), 13, 1(K>6, 1913; 1. M. 
Kolthoff, Bharvi. Weekb.^ 54, 612, 1917; L. A. Congdon et al., Chem. News, 129, 302, 317, 
334, 1924; I. M. Kolthoflf and L. H. van Berk, Zeit. anal. Chern., 70, 369, 1927; A. J. Mee, 
Chem. and Ind., 520, 1933. 

* H. W. Doughty {Joum. Amer. Chem. Soc,, 46, 2707, 1924) says that chlorides can be 
titrated in any acid solution by Mohr's process, provided the pu value of the solution is 
reduced to 5-7 by the addition of a buffer mixture of sodium acetate (2 mols.) and acetic 
acid (1 mol.). 

* Potassium Chkomate Solution. — Dissolve 1 grm. of the salt in 100 c.c. of water. The 
chromate must be free from chlorides. To test for chlorides, dissolve the chromate in water, 
add a little silver nitrate and then some nitric acid. If the red precipitate which forms 
dissolves completely, forming a clear solution, chlorides are absent. 

* Silver Kiteatb Solution. — Dissolve 16*9888 grms. of pure silver nitrate in a litre of 
water. 1 c.c. corresponds with 0-003547 grm. of chlorine. If tliis solution be standardised by 
dissolving 5-8454 grms. of pure sodium chloride in a litre of water, so as to form a O-lN-sodium 
chloride solution, 25 c.c. of the O-lN-sodium chloride will require 25-1 c.c. instead of 25 c.c, 
of the O-lN-silver nitrate solution. E. N. Taran (Journ. App. Chem., V.8.8.R., 9, 520, 
1936) standardises silver solutions by boiling an aliquot portion of the solution with a slight 
excess of formaldehyde in 15 per cent, ammonia. The precipitated silver is ignited at 
450°-500° to drive off adsorbed substances. 
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is all precipitated a red coloration of silver chromate will appear which does not 
disappear on agitation of the solution. The silver nitrate must be added very 
slowly towards the end of the titration, so as to run no risk of over>titration. 
The titration is made with the flask over a sheet of white paper, or a white tile. 

A certain amount of silver nitrate is needed to colour the indicator. Hence, 
Mohr recommends adding, drop by drop, ()*lN-sodium chloride solution until 
the red (jolour of the indicator gives way to the yellow colour of the alkali 
chromate. Deduct the volume of sodium chloride so used from the silver 
nitrate used in the titration. The result represents the amount of silver nitrate 
corresf)oriding with the chlorides undergoing titration. 

If the precipitate of silver chloride is very large, the end-point will be some- 
what masked.^ In that case, add a slight excess, 1-2 c.c., of a dilute standard 
solution of (O-IN) sodium chloride. Filter and wash the precipitate twice with 
water, and agaiti titrate the clear solution, making allowance for the extra 
sodium chloride added. 

Disturbing Ageuis. — Salts of lead, bismuth, barium and iron will form 
insoluble chromates and should therefore be absent; ^ coloured salts — cobalt, 
nickel, and copper — obscure the end-point and are therefore objectionable. 
Pellet^ has shown that arsenates, arsenites, phosphates and fluorides do not 
interfere, since silver chromate forms earlier than the silver salts of these acids. 

The presence of any salt which augments the solubility of the silver chromate 
gives high results, since more silver nitrate must be added to produce the red 
(ihromate than corresponds with the end of the reaction. Hence, for instance, 
the nitrates of the alkalies and alkaline earths^ and ammonium salts should be 
absent. The solubility of the silver chromate is also augmented by raising the 
tcTuperature of the solution ® and, in consequence, it is best to titrate cold 
solutions. An excess of potassium chromate diminishes the solubility of the 
silver chromate and, in consequence, a larger quantity of the indicator is used 
than would normally be the case If too little potassium chromate be used, 
more silver nitrate is needed to produce the red-coloured chromate.® 

Difficulty with the Indicator. — In spite of these precautions, a measurable 
excess of silver nitrate solution must be added after the reaction with the 
chlorides is ended, before the permanent red colour of the silver chromate is 
developed. This is particularly noticeable when small quantities of chloride are 
present in large volumes of solution, and Winkler ^ has accordingly drawn up 
an empirical correction table (Table XII.) representing the excess of silver 
nitrate solution (1 c.c. equivalent to 0*(X)1 grm. chlorine) needed to develop 

^ With strong solutions of the chlorides of the alkali metals, magnesium and calcium, 
A. Lottermoser and W. Lorenz {Kolloid Zeit., 68, 201, 1934) find that the addition of 5-10 c.c. 
of agar solution l)efore titration prevents the coagulation of the precipitated silver chloride. 
A sharp end-point is then given with accurate and reproducible results. 

* With chlorides of metals which give chromates less soluble than silver chromate, 
H. W. Bolam (Chem. NewSy 120, 292, 1920) adds slightly more potassium chromate than is 
necessary to precipitate the chromate of the metal and then proceeds as usual. 

8 H. Pellet, Bull. Soc.. chim.y (2), 28, 68, 1877. 

* F, C. Carpenter, Journ. 80 c. Chem. hid.y 5, 286, 1886 — sodium and calcium nitrates have 
least effect; ammonium, potassium and magnesium the greatest effect. G. Biscaro, Chem. 
NewSy 53, 67, 1886; Ann. Vhim. Med. Farm., (4), i, 241, 1885; L. L. de Koninck and E. Nihoul, 
Zeit. angew, Chem., 4, 295, 1891; H. Baubigny and Q. Chavanne, Compt. rend., 136, 1197, 
1903. 

® A litre of water dissolves 0*0225 grm. of silver chromate at 14*8° and 0*084 grm. at 
76° — F. Kohlrausch, Zeit. phye. Chem., 64, 121, 1908. See also G. S. Whitby, Zeii. anorg. 
Chem., 67, 107, 1910. 

® L. L. de Koninck and E. Nihoul, Rev. Univ. Mims, (3), 16, 42, 1891 ; Zeit. angew. Chem., 
4» 295, 1891. 

’ L. W. Winkler, Zeit. anal. Chem., 40, 696, 1901. 



70 A TREATISE ON CHEMICAL ANALYSIS, 

the colour of the indicator in 100 c.c. of solution, when 1 c.c. of a one per cent, 
solution of potassium chromate is used. 

Table XI L — Correction for Indicator in Mohr's Chromate Process for Chlorides, 


Silver 


Silver 


Silver 


solution 

Deduction. 

solution 

Deduction. 

solution 

Deduction. 

used. 


used. 


used. 


c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

0*2 

0-20 

0-8 

0*39 

50 

0-50 

0*3 

0*25 

0*9 

0-40 

6*0 

0-52 

0*4 

0-30 

1*0 

0*41 

i 7-0 

0*54 

0-5 

0-33 

20 

0*44 

! 8-0 

0-56 

0-6 

0*36 

3*0 

0*46 

9-0 

0-58 

0-7 

0-38 1 

40 

0-48 

10*0 

0-60 


Naturally this table refers only to solutions of the concentration stated. 
Lunge deducts 0*2 c.c. from the amount of O-lN-silver nitrate solution used 
both in titrating a solution of sodium chloride which requires 50 c.c. of the 
standard solution, and in titrating sodium sulphate which contains a little 
sodium chloride. Winkler’s experiments show that Lunge’s correction is 
probably about right. Fresenius^ recommends making the solution to be 
titrated approximately the same volume and strength as the solution used 
in standardising the silver solution. Hazen ^ recommends a deduction of 
0*003F + 0*02 c.c. from the standard silver solution, when F denotes the volume 
of the solution which has just been titrated. 

If the correction be neglected when, say, a 0*lN-silver nitrate solution is 
used, the resulting error is about 0*4 per cent.® 

Modification for Small Amounts of Chlorides. — When very small amounts of 
chlorides are in question, more dilute solutions of silver nitrate are used — 
say, 4*7914 grms. of silver nitrate per litre; 1 c.c. of this solution represents 
0*001 grm. of chlorine; or 2*3957 grms. of silver nitrate per litre; 1 c.c. of this 
solution represents 0*0005 grm. of chlorine.^ Suppose that the mixed chlorides 
obtained in the determination of the alkalies in clays be in question.® Add 
1 c.c. of the potassium chromate solution. Make the solution up to 50 c.c. in 
an Erlenmeyer flask. Add 50 c.c. of distilled water to the same amount of 
potassium chromate solution in a similar flask; this is used for comparing with 
the contents of the flask which are being titrated, so that a change of colour of 
the indicator can be quickly detected. The correction for the amount of silver 
nitrate solution needed to colour the indicator can be made in the same flask.® 
The titration is made over a white porcelain tile or sheet of white paper. Use a 

^ R. Fresenius, Q'lmntitative, AiialyaiSf London, i, 356, 1876. 

* A. Hazen, Amer. Chem. Jmirn., n, 409, 1889. 

* One c.c. of the silver solution corresponds with 0*0058454 grm. of sodium chloride. 
Lungers correction, 0*2 c.c., corresponds with 0*0011691 grm. sodium chloride. If w grms. of 
the sample be in question, the percentage error will be equivalent to 0*11 691 /ti; per cent, of 
sodium chloride. If «; = 0*2923 grm., the corresponding error will be 0*4 per cent. 

* For the colorimetric determination of chlorides in water, see H. B. Riffenburg, Ind. 
Eng, Chem, Anal, Ed,, 7, 14, 1935. 

* G. Bruhns (Zeit. angew. Chem., 31, (1), 156, 1918) finds that chlorides can be titrated 
by Mohr’s process in the presence of silica provided that the latter, if gelatinous, is in a finely 
divided state and the solution is made neutral to phenolphthalein with nitric acid. 

* Or use Winkler’s Table XII. 
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burette reading to g^oths or ^^jths c.c. Yellow gaslight gives better results than 
daylight. Some prefer to work in a dark room with a yellow monochromatic 
light.i 

Adsorption Indicators , — In 1923 Fajans and Hassel introduced the use 
of adsorption indicators into Mohr’s process. ^ According to KolthofF,® at or 
just beyond the equivalence point the precipitated silver halide adsorbs silver 
ions and the “silver body” so formed then adsorbs the indicator from the 
solution with the production of a highly coloured complex on the surface of 
the precipitate. The consensus of opinion is that such indicators give more 
accurate results than do alkali chromates, particularly in very dilute solutions 
and in the determination of small amounts of halides. Among the various 
substances which have been recommended as adsorption indicators,^ dichloro- 
fluorescein works admirably for the determination of chlorides. 

The Titration . — If necessary, the chloride solution is diluted down to 
about 0*025 normal strength, and then two drops of indicator^ are added 
per 10 c.c. of solution. On titration, the silver chloride remains in colloidal 
solution which towards the end-point has a yellowish-orange colour. When 
the end-point is nearly reached, the silver chloride coagulates. The standard 
silver solution is now added drop by drop until, at the end-point, the precipitate 
suddenly turns red. Titrations can be made accurately with standard silver 
solutions as dilute as 0*01 normal.® 


* A. Dupro {AnuJyai, 5 , 123, 1880) watches the propfrcss of the titration through a flat glass 
cell, 1 centimetre thick, containing a solution of neutral potassium chromate of approximately 
the. same tint as the solution undergoing titration. The latter appt'ars to be a colourless 
liquid like water when observed through the cell and the first appearance of red is easily seen 
through the cell. 

* K. Kajans and 0. Hassel, ZHl. Elektrochem..^ 29 , 495, 1923; K. I’ajans and H. Wolff, 
Zeit. anorg. Chem.^ 137 , 221, 1924; W. Bottger and K. O, Schmidt, ib,, 137 , 246, 1924; 1. M. 
Kolthoff and L. H. van Berk, Zeit. anal, them., 70 , 369, 1927; S. Malowan, Chem. Ztg., 
57 , 76, 1933. 

* 1. M. Kolthoff, W. M, Lauer and C. J. Sunde, Journ. Anier. Chem. Soc,.^ 51 , 3273, 1929; 
1. M. Kolthoff, Kolloid Zeit., 68 , 190, 1934; Chem. Rev., 16 , 87, 1935; K. Fajans in Die 
Chemische Analyse, Stuttgart, 33 , 161, 1935. 

* A. J. Berry and P. T. Durrant, Analyst, 55 , 613, 1930; A. J. Berry, ib., 57 , 511, 1932; 

H. R. Fleck, K. F. G. Holness and A. M. Ward, ib., 60 , 32, 1935; N. P. Rudenko, Journ. 
Russ. Phys. Chem. aSoc., 62, 505, 1930; L. Belladen and G. Piazza, Ann. Chim. appl., 22, 
631, 1932; Y. Uzumasa and Y. Miyake, Journ. Chem. Soc. Japan, 53 , 904, 1932; 54 , 1043, 
1933; 55 , 627, 1934; E. J. Kocsis and L. Poliak, Magyar Chem. FoL, 40 , 99, 1934; E. J, 
Kocsis, Zeit. anorg. them., 221 , 318, 1935; K. Bambach and T. H. Rider, Ind. Eng. Chem. 
Anal. Ed., 7 , 165, 1935; B. Bullock and P. L. Kirk, ib., 7 , 178, 1935; E. Chirnoag&, Zeit. 
anal. Chem., loi, 31, 1935; T. Akiyama and S. Yabe, Journ. Pharm. Soc. Japan, 55 , 71, 
1935; A. W. W'ellings, Adsorption hidicMtors, British Drug Houses, Ltd., London. 

® Dichlobofluorescein Solutiok. — D issolve 0*1 grm. of dichlorofluorescein in 60 c.c. of 
alcohol, add 2*5 c.c. of 0 *lN-sodium hydroxide solution, and dilute to 100 c.c. with water. — 

I. M. Kolthoff, W. M. Lauer and C. J. Sunde, l.c. 

* T, Akiyama and 8 . Yabe (l.c.) find that, with fluorescein as indicator in the presence 
of alcohol, the titration can be carried out down to a chloride concentration of 0*001 25N. 
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COLORIMETRY AND TURBIDIMETRY. 

§ 36. Colorimetric Methods of Analysis— Colorimetry. 

CoLORiMETKic methods for the determination of small quantities of a substance 
have attracted a great deal of attention, particularly in technical analyses.^ 
They have been successfully used, inter alia^ for the determination of iron, 
manganese, chromium, copper, lead, bismuth, titanium, sulphates, chlorides, 
ammonia, carbon, silica and phosphorus. They usually offer a quick, simple 
and elegant means of determining the amount of a given constituent, and they 
can sometimes be used in cases where the amount is too small for gravimetric 
or volumetric methods, (^olorimetric processes are frequently, but not always, 
more rapid than gravimetric methods. 

The choice between colorimetric, volumetric and gravimetric processes is 
determined by the ])artieular problem in hand, but (f ran metric or vohimetric 
methods should nearly always he used when large ([uantities of the given con- 
stituent are in - provided, of course, that reliaf)le gravimetric or 

volumetric processes are availalde. For sinall quantities some colorimetric 
processes far surpass gravimetric pro(*esses in accuracy, while others are but 
crude approximations. 

In colorimetry it is assumed that if two solutions of the same colouring agent 
in the same solvent have the same tinty they will have the same concentration, when 
the depths of the two liquids through which the light passes are the same. 
Hence, if the concentration of one of the solutions be known, the concentration 
of the other solution must be the same. This assumption may mean that if 
and W2 respectively denote the weights of colouring matter in two solu- 
tions, and rf| and d^ the corresponding thicknesses of the solutions through 
which the light passes to the eye, then, 

if\ld2=^W2ldi . . . . . ( 1 ) 

Hence, if any three of these magnitudes be known, the fourth can be calculated 
by simple proportion. The comparison of the colours of the solutions is done 
in glass cylinders — called test glasses — made from clear, colourless glass. The 
instrument used for the comparison is called a colorimeter, or tintometer. There 
are three types of colorimeter used in this work.^ 


^ G. and H. Kriiss, Kolorimetrie und quantitative Spectralanalyse., Hamburg, 1909. For 
discussions of colorimetry, see also N. School, Chem. Weekb., 27 , 52, 1930; N. E. Pestov, 
Zeit. anal. Chem., 89 , 9, 1932; F. L. Hahn, ib., 90 , 330, 1932; H. Bruckner, ib., 99 , 419, 
1934; N. A. Tananaev, Zavadskaya Lab., 2, 9, 1933; J. Guild, Journ. 8ci. Instruments, ii, 
69, 1934; Istin, I4th Cmg. Chim. ind., Paris, 1934; F. D. and C. T. Snell, Colorimetric Methods 
of Analysis, London, 1936. 

* For an absolute colorimeter, see A. and W. Thiel, Zeit, Elektrochem., 38 , 621, 1932; 
Chem. Fabrik., 409, 1932; A. Thiel, ib., 383, 1934; Zeit. anal. Chem., 94 , 170, 1933. 
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§ 37. Duboscq’s Dipping Colorimeter. 

In this instrument^ the depth of the liquid in each test glass through 
which the light passes can })e varied until each liquid appears to have the same 
colour tint. The depth of the liquid in each tube is measured by a vernier 
and scale, and since the concentration W 2 of one solution is known, the con- 
centration Wi of the unknown solution follows at once from (1) above, where 


Fig. 24 represents a photogra|)h of the front of the apj)aratus. The operator 
stands on the right. Fig. 25 rejiresents the path of the light inside the instru- 



Fto. 24. — Dubosoq’s Colorimeter. 

ment. The diffused light of a lamp or of a monochromatic burner is the source 
of illumination. This light is reflected from the mirror A, and the right-hand 
beam passes through the fixed tube B and the movable tube D. This beam 
is reflected in the prism K and finally passes through the lenses MNO of the 
eyepiece. The optical arrangement is such that the beam illuminates an 
annular patch of the field. The left-hand beam follows a similar path and 
illuminates the centre of the annulus. Hence, the field is illuminated solely 

^ H. Morton, Chem. News, 21 , 31, 1870. See also W. G. Smeaton, Joum. Amer. Chem, 
80 c,, 28 , 1433, 1906; O. Schreiner, * 6 ., 27 , 1192, 1905; G. Steiger, ib., 30 , 215, 1908; C. H. 
Wolff, Pharm. Ztg., 24 , 587, 1879; J. H. Long, Joiim. Anver. Chem. 80 c., 38 , 716, 1916; 
J. C. Rook and S. R. Benedict, Journ. Biot. Chem., 35 , 227, 1918; D. Wesson et aL, Oil and 
Fat Ind., 5 , 173, 1928; F. Anselm, Chem. Fabr., 504, 1929; £. Canals and £. Cabanes, 
Bull, 80 c, chim. biol,, 14 , 238, 1932. 
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by the beams of light (dotted in the diagram) passing through the two sets 
of tubes. ^ 

To illustrate by example : the solution of unknown concentration was made 
up to 250 c.c. and about 150 c.c. were placed in the left test glass of Duboscq’s 
colorimeter. The standard solution containing 0*01 grm. of titanic oxide per 

100 c.c., that is, 0-025 grm. per 250 
c.c., was placed in the right test glass. 
The amount of liquid placed in the 
tubes must not be so great that liquid 
overflows when the tubes D are lowered 
to the })ottom of B. Lower the tubes D 
until they touch the bottom of the 
tubes B. The verniers now mark zero, 
and the two halves of the field in the 
eyepiece should be uniformly bright (fig. 26a); if not, the lamp illuminating 
the mirror A must be moved until the desired result is attained. Now raise 
the movable tube in the standard liquid until it reaches a point convenient for 
estimating the tint of the liquid. Then raise the other movable tube until 
equal tints are obtained in both fields (fig. 26c). Read the two scales. Suppose 
that for 1^2 = 0*025, ^2 = 2-1 cm.; and di = 4-37. Hence, 

iCi -0-025 X 2-10/4-37 = 0-0120 grm. per 250 c.c. 

Fig. 265 represents the appearance of the field of view before the final adjust- 
ment (fig. 26c). 

§ 38. Weller's Colorimeter. 


Fio. 26. — Appearance in Eyepiece 
of Colorimeter. 


Duboscq’s colorimeter and similar instruments are expensive, and are only 
bought when it is probable that they will save in time what they cost in money. 
A cheaper instrument, quite efficient for most comparisons, can be made as 
described below. In this type of colorimeter the two test glasses are of 
the same width, and as the light passes horizontally through each dj — dg* 
Consequently, 

= (3) 

Hence, if zcg, in the case of titanic oxide, be 0*052 grm. per 250 c.c. of the 
standard solution, the same number will also represent the concentration %Vi of 
the titanic oxide in the unknown solution per 250 
c.c., when the tints of the two solutions are the 
same. Weller’s ^ and Hillebrand’s colorimeters may 
be cited in illustration. These are easily made. A 
wooden box C, about 35 cm. long and 12 cm. square, 
is stained dead black ^ inside and out. The ends are 
open. A ground-glass partition is placed at B 
(fig. 27), and a blackened shutter S slides stiffly up 
and down 3 to 3*5 cm. behind the glass partition. 

Two test glasses are selected, of square section, 

8 to 12 cm. high, and 3 to 3-5 cm. side. These 
glasses are placed between the two partitions when 

^ To clean the apparatus, raise the tubes D, remove the tubes B, and take off the glass 
at the bottom. The tubes B and D can then be cleaned. Polish the rest of the apparatus 
with chamois leather. 

* A Weller, Ber., 15 , 2599, 1882; W. F. HiUebrand, Bull U.S, Oeol Sur., 700 , 35, 1919; 
J. W. Mellor, Tram. Ctr. 80 c., 8 , 123, 1909. 

* Dead Black Paint. — Dissolve shellac in methylated spirit; add French polish and then 
add lampblack. If the mixture dries a dead black which rubs off, more French polish or 
shellac is needed; if it dries light, more lampblack is needed. 
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in use.^ Two methods of conducting the determination are indicated on pages 
187 and 191. 

J. W. Lovibond ^ has devised sets of “standard” coloured glasses; each set 
has the same colour, but the glasses are regularly graded in depth of tint. By 
superimposing glasses from the same and different sets — red, blue, yellow — 
composite colours can be obtained. In this way the tint of a liquid placed 
in a test glass with parallel sides at a definite distance apart can be matched, 
and the exact proportion of each component of the colour read off. By 
finding the tints of a series of standard solutions of known strength once for 
all, the standard tints so obtained render the subsequent preparation of a 
standard solution unnecessary provided the same method of preparation is 
employed. The instrument — “Lovibond’s tintometer ” used for the com- 
parison is similar in principle to the instrument indicated in fig. 27, but 
Lovibond has introduced several improvements which render the results much 
more accurate. 

The tintometer has recently been adapted for the colorimetric determina- 
tion of iron l)y the thiocyanate process ® (page 185) and it is also used in the 
thioglycollic acid method (page 188). 

§ 39. Nessler’s Tubes. 

A third method of comparing the tints is commonly used in water analysis. 
It is rather more tedious than the two methods which precede. The colour is 
developed in a solution of unknown strength and in a series of solutions of equal 
volume but of known strength. The two solutions of known strength which 
come nearest to the tint of the test solution are selected and the colour 
developed in another series of solutions within narrower limits. This method 
of trial and failure is repeated until the colour in the test cylinder matches the 
colour of the standard solution. 

The comparison tubes should be selected with great care, and the bottoms 
should be regular. The bores of the test glasses should be uniform and not 
tapered.^ As a matter of fact, the principle of the system is the same as that 
used in Weller’s colorimeter. Although the cylinders are usually marked 
“25 C.C.,” “50 C.C.,” “ 100 c.c,,” it is really the lengths of the columns, not the 
volumes of the solutions, which are compared. Hence, as in Weller’s colori- 
meter, = obvious that in properly matched tubes the volume 

marks and the heights of the liquids should coincide.^ 

§ 40. Turbidity Methods of Analysis— Turbidimetry 
or Nephelometry. 

Turbidity or nephelometric methods resemble colorimetric methods, but 
instead of comparing the different intensities of the colours of two solutions, 

^ Sold by dealers in chemical apparatus. 

• J. W. Lovibond, Joum-, Soc, Vhem, Ind., 7> 4^24, 1888; MenfturenieM of Light and Colour 
Sensations^ London; An Introduction, to the. Study of Colour Phenomena^ London, 1905; 
O. Rosenheim and E. Schuster, Biochew.. Journ,, 21 , 1329, 1927; K. Sonden, Arkiv. Kem* 
Min, OeoLf 8 , No. 7, 1, 1922; H. V. Amy and C. H. Ring, Journ. Franklin Inst., 180 , 199, 
1915; K. S. Gibson, F. K. Harris and I. G. Priest, U.S. Bur. Sicindards, Sci. Paper No. 547, 
1927; B. D. Judd, ih.. Research Paper No. 31, 1927. 

* Private communication from the British Befractories Besearch AssocicUion., Stoke-on* 
Trent. 

^ See British Stand. Inst., Specification 612, 1935. 

6 J. H. Yoe, Ind. Eng. Chem., 19 , 1131, 1927. 
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the degrees of opalescence of two solutions are compared.^ The opalescence 
is produced by the fine-grained solid matter in suspension, which settles very, 
very slowly and which is not usually removed by filtration in the ordinary 
manner. For example, traces of silver chloride, barium sul])hate and calcium 
oxalate. 

The action of light on a turbid solution is twofold. ( J ) The light is dispensed. 
This gives the solution its characteristic colour. (2) The light is absorbed, so 
that an object viewed through the liquid appears with diminished distinctness. 
This latter is the quality compared. It is well to prevent dispersion in the 
comparison of opalescent solutions as much as possible, by covering the 
cylinder with, say, a black cloth, and admitting the light from a circular 
aperture at the bottom. The subject is discussed in more detail on pages 718 
and 748.2 

§ 41. Some Errors in Colorimetry and Turbidimetry. 

The most important errors 2 in colorimetry arise from : 

(1) hnperfert percept ioyt of the colour. Colour is a subjective phenomenon 
due to the action of light on the retina of the eye itself. Possibly no two 
individuals see exactly the same colour tints in the same substance. A person 
may be afflicted with a form of colour-blindness and be sensitive to one colour 
but not to another. Hence, the operator should test himself for any given 
colorimetric process by matching a standard colour of different intensities 
against itself. If concordant results cannot be obtained, the operator must 
abandon that particular process. 

It is here assumed that the operator is normally sensitive to colour impres- 
sions. Jf a person of normal colour sensitiveness examines a coloured liquid 
with, say, the right eye over the cylinder, and then turns the head suddenly 
so that the left eye is over the cylinder, the colour aeews less intense; in 
another moment, the right eye may be brought over the cylinder— again the 
colour seems less intense. This show\s that first impressions are the stronger, 
and that the impression imperceptibly weakens in intensity as the eye gets 
fatigued. The eye quickly becomes fatigued and less sensitive to changes 
in the intensities of the tints. The eye should therefore be frequently rested 
by looking on the floor, or into the dark corner of a room.^ 

There is also an appreciable difference in the sensitiveness of the two eyes 
for changes of colour. Hence, many shield or close the less sensitive eye, 
and use the more sensitive eye for comparing tints. The left eye, for example, 
is usually more sensitive than the right eye for variations in red tints, and 
hence the left eye is used for the colorimetric determination of iron. A 
similar remark applies to the titanium yellow. The eye requires more 


^ T. W. Richards, Proc. Amer. Acad., 30 , 385, 1894; T. W. Richards and R. C. Wells, 
Amer. Chem. Journ., 31 , 235, 1904. 

* For the calibration of nephelometers, see G. C. Whipple and 1). 1). Jackson, Tech. 
Quart., 14 , 285, 1911; P. A. Kober and 8 . 8 . Graves, Ivd. Eng. Chem., 7 , 843, 1915; A. B. 
Lamb, P. W. Carleton and W. B. Meldrum, Journ. Amer. Chem. Soc-., 42 , 251, 1920; I. M. 
Kolthofi and H. Yutzy, ih., 55 , 1915, 1933; J. H. Yoe, Photometric Chemical Analysis, New 
York, 2 , 137, 1929. For the adaptation of Dubosciq’s colorimeter for use as a nephelometer, 
see W. R. Bloor, Joum. Biol. Chem., 22 , 145, 1915. 

« W. M. Dehn, Journ. Amer. Chem. 80 c., 39 , 1392, 1917; F. F. Hahn and R. Klockmann, 
Zeit. angew. Chem., 43 , 993, 1930; P. Fleury, Bull. 80 c. chim. biol., 4 , 223, 1922; Y. Garreau, 
ib., 4 , 233, 1922; N. E. Pestov, Zeit. anal. Chem., 89 , 9, 1932; R. A. Houston and A. J, 
Younger, Phil. Mag., (7), 19 , 1107, 1935. 

* N. E. Pestov, Zeit. anal. Chem., 89 , 9, 1932; J. Guild, Phil. Trans., 230 A, 149, 1931. 
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experience in detecting differences of shade with yellow tints, e,g. in the 
titanium determination, than with many other colours.^ 

(2) Unfavourable light. The colours of the solutions might be compared 
with the light from a blue sky; light reflected from grey clouds, or clouds 
tinged with yellow or orange; light reflected from coloured objects; artificial 
light; or light which has been transmitted through a yellow fog. In each 
case, the effect of the incident light on the colour of the transparent solution 
is different. The source of the illumination is therefore of great importance 
in colorimetric work. In general, avoid artificial light and light tinged with 
yellow in, say, the titanium determination. 

(3) Differences in the concentration of the, test and standard solutions. The 
colour of many substances is quite different in concentrated and in dilute 
solution. The solvent absorbs a certain amount of light; consequently, the 
concentration of the standard and test solutions should be the same. In the 
determination of iron t here is a reaction between the colouring agent — Fe(CNS )3 
- and the solvent, water, so that the amounts of iron with difterent amounts 
of solvent will not be represented by the relation (1) above. Hence Duboscq’s 
type of colorimeter is not suitable for the colorimetric determination of iron. 

(4) Changes in the standard solutions. The standard solutions may de- 
teriorate in strength, and may also be contaminated wdth impurities derived 
from, say, the glass bottles in which the solutions are kept, or from the 
atmosphere of the laboratory when the solutions are tem])orarily exposed. 
Such impurities may be fatal to the accuracy of determinations of ammonia, 
nitrites and f)hosphates.^ 


^ Constant errors in the eoini)arison of colours can be (4imiuated by tin* method of sub- 
stitution in which a solution of knowu slren<rfh is substituted in the test glass, after the 
unknown solution has been coinpa n‘d with th<‘ standard. 

^ 11. V. Arny and C. 11. King, //(ct. Eng. Chtrn.^ 8, 191 0. 



CHAPTER V. 


FILTRATION AND WASHING. 

A tremendous amount of time is (^onsumod, often wfisted, in the filtration and wasiiin^ 
of precipitates for analytical work. Ev^ery device which will accelerate these 
fundamental operations, without interfering with their efficacy, must raise the 
efficiency of the laboratory. 

§ 42. Filter-Paper. 

The purpose of filtration is to se])arate a solid from the liquid in which it is 
suspended. Filtration is usually effected by causing the liquid to ])ass through 
a medium which is porous enough to permit the passage of the liquid and 
compact enough to retain the solid. Among the different filtering media in use 
are cotton-wool, sand, charcoal, crushed and sintered glass, glass-wool, asbestos 
pulp, paper pulp, platinum felt, asbestos paper ^ and lastly, but most important 
of all, unsized paper — filter-paper. 

Filter-paper should give no residue when distilled water or dilute hydro- 
chloric acid is repeatedly passed through it and the liquid then evaporated 
to dryness; a 10 per cent, aqueous solution of salicylic acid should give no 
perceptible coloration (showing the absence of iron); ammonium sulphide 
should not blacken the paper; nor should a dilute soda solution, which has 
been repeatedly passed through the paper, give a turbidity when neutralised 
with an acid (showing the absence of oils and fats).^ Analysts, however, are 
not much troubled about the quality of their filter-paper, because filter-papers 
of remarkably good quality — almost pure cellulose — can be easily obtained. 

Filter-paper for analytical work should be kept in air-tight vessels. If 
the paper be exposed to laboratory fumes it may absorb acid, ammoniacal 
or other fumes, and disturb certain determinations,® e.g, determinations of the 
hardness of water. Paper which has been kept in an exposed place may 
subsequently liberate iodine from a solution of potassium iodide (free from 
iodate). Andrews, too, detected nitrites in filter-paper which had been kept 
some time in a laboratory. 

After filtration and washing, the paper is usually heated in a weighed 
crucible together with the solid until only the ash of the paper remains, mixed 
with the calcined precipitate. The ash is weighed with the precipitate and an 
allowance is made for the additional weight due to the ash of the filter-paper. 
Owing to the fact that the precipitate has sometimes to be further investigated, 


^ A. Convert, Chem. Centr., (3), 16, 850, 1885; A. Gruner, Zeit, aimh Chem., 9, 68, 1870; 
W. Johnstone, Afmlyjstf 12, 234, 1887. 

a Pharm, Post, 252, 1896; L. Pad6, Bull 80 c. chim., (2), 47, 243, 1887; W. Wicke, 
Liebig's Aww., 112, 127, 1859. 

* H. R. Proctor, Joum, 80 c, Chem. Ind.^ 23, 8, 1904; M. Mansier, Joum. Pharm. Chim., 
(6), 16, 60, 1902; E. Mallinckrodt and W. N. Stull, Joum,. Amer. Chem. Soc., 26 , 1031, 
1904; L. L. de Koninck, BtUl. 80 c. chim. Belg,, 23, 221, 1909. 
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it is an advantage to use filter-paper with as little ash as possible. By treating 
the best filter-paper with suitable acids, the manufacturer is able to reduce the 
amount of ash to a negligibly small quantity.^ Indeed, the best filter-papers 
behave as if they were almost pure cellulose — ix. almost ashless. 

With such paf)ers the amount of ash is so small that its weight can be 
neglected in routine work. If, however, the paper has been used in a filtration, 
the weight of the ash will not necessarily be the same as the weight of the ash 
of an unused paper. 

The amount of ash given on burning a filter depends upon the nature of the 
liquid which has passed through the paper. A certain amount of fixed alkali, 
alkaline earth and some salts are retained by the cellulose of the paper very 
tenaciously. If a neutral solution be passed through the paper, the salts may 
be retained by the paper, as in the case of the fixed alkalies.^ Acids remove 
traces of mineral substances from unwashed papers. Consequently the weight 
of the ash from an unwashed and unused paper may be greater than when the 
paper has been used for filtering acid solutions. In illustration, the following 
results (Table XIII.) were obtained for the ash of J. H. MunktelTs No. 00 
Swedish filter-papers which had been treated respectively with dilute sulphuric 
acid and potassium hydroxide, and subsequently washed until the wash-water 
gave no reaction with neutral litmus solution. 

Table XIII, Relation between the Filter-Paper Ash and Liquid Filtered, 
(Grams of ash per paper.) 



5-5 cm. 

7 cm. 

9 cm. 

11 cm. 

12-5 cm. 

1 

Acid . 

()-0(K)0ll 

1 

o-o(Kmi9 

ommi 

0 00(K)47 

0000061 

Alkali . , 1 

0(KK)()44 

(»00(X)71 

1 

1 

0(XK)118 

0-000176 

0000210 


The inference is obvious. It is not sufiicient to adopt the weight of the ash 
of the unused papers for a precipitate which has been isolated by the filtration 
of solutions containing salts which may be adsorbed by the filter-paper. In 
exact work, the amount of ash in papers which have been treated with solutions 
resembling those used in the given filtration must be determined for a given 
precipitate. However, the ash of these papers in neither case need be con- 
sidered in most analyses.^ Nowadays there is a large range of filter-papers 
available both for different purposes and for different types of precipitates. 

To summarise, the desiderata in a filter-paper are: (1) porosity, to ensure 
rapid filtration; (2) sufficient compactness to ensure complete retention of the 
solid; (3) low amount of ash; and (4) freedom from impurities likely to con- 
taminate deleteriously the material being filtered.^ The first and second 
qualities are antagonistic. It is important to adapt the size of the filter-paper 
to suit the precipitate to be washed. Use rapid'* {porous) papers for all pre- 


^ For slight acidity of acid-washed filter-paper, M. de la Source, Ann. Chim, anal., 2, 82, 
1897. 

* M. Mansicr, Joum, Pharm. Chim., (6), i6, 60, 1902. See footnote 1, page 85. 

® L. L. de Koninck {Lehrbuch der qualitativen und qtuintitativen chemischen Analyse, 
Berlin, l, 39, 1904) gives the following analysis, in round numbers, of the ash of Munkt^’s 
filter-papers: SiOj, 32; AljOj, 15; FejOj, 9; MnO, 8; MgO, 11; CaO, 21; CuO, trace; 
alkalies, 2; SOj, 2; 0‘2; Cl, trace. 

* R, S. McBride and J. A, Scherrer, Joum. Amer. Chem. JSoc., 39, 928, 1917. 
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cipitates which do not readily pass through the paper and ^ise the slow, compact 
papers only when absolutely necessary y 

§ 43. Filtration. 

The art of qiiantitativ’e analysis is Jar^^ely dependent upon the skill exercised in 
transferring substances from one vessel to another without gain or loss. 

Selecting the Fuimel. — Do not use ribbed or guttered funnels for quantitative 
work. These often give trouble in washing. Finkener’s funnel, ^ fig. 28, has a 

long capillary stem,*'* and it is supposed 
^ “ to have smooth walls inclined at an 

I angle of 60^, so that when the paper is 
[ folded™ -four-ply and opened out in the 
[ regular manner, it will fit close to the 

• walls of the funnel.^ The folding of 

papers with creases ^ to expose a large 
^ surface and prevent the paper lying close 
^ to the wall of the funnel is not recom- 
^ mended,® because (1) precipitate and 

[ pa[)er are more difficult to wash; (2) 

I there is a greater risk of breaking the 

I j)aper; and (3) filtration is not so rapid 
! as when the stem of the funnel is kept 
filled with liquid. 

Fkj. 28.— Long-stemni(‘(l Funnels. Fitting the Filter- Paper in the Funnel, 

--When the paper is placed in the funnel 
it should not come nearer than half a centimetre to the top edge of the funnel 
and on no account should the paper project beyond the funnel. The diameters 
of funnels best suited for filter-])apers of different sizes are indicated below: — 

Diam. of filter-paper , . 5 7 9 11 12.J 15 18 cm. 

Diain. of funnel . . 2J-3 4 b fi| l\ 9 10 cm. 

Place the paper in the dry funnel, wet the j)aper and carefully bed it against 
the walls of the funnel. When the ])aper is filled with water, the stem of 
the funnel should fill with a column of water ’ and air should not pass between 

1 A. Oawalovski, Zeit. anal. Chem,, 16, 59, 1877; 18, 246, 1879; 37, :{77, 1898; 54, 503, 
1915; R. Freseiiiufi and Caspari, lb., 22, 241, 1883; K. Kraut, ib., 18, 543, 1879; F. Mohr, 
*6., 12, 148, 1873; A. von Wich, Vieriel. prakt. Ptuirni., 8, 187, 1859; J. J. Berzelius, Lehrbuch 
der Chemie, Dresden, 10, 260, 1835; H. Uelsmann, Dhgler'fi Journ., 220, 534, 1876. 

* A. Gwiggnes, Chem. Zlg., 2*J, 889, 1903. 

® F. Weil, Zeit. anal. Chew., 2, 359, 1863; 1. B. Cook, Chew. News, 27* 261, 1873; 29, 81, 
1874; J. F. Kerr, ib., 29, 71, 1874; J. Piccard {Zeit. anal. Chem., 4, 45, 1865; G. Lunge, 
Chem. News, 13, 23, 1866) proposed joining a narrow tul)e about 32 cm. long to an ordinary 
funnel by means of a piece of rubber tubing, as shown in fig. 28B. Piccard’s knot, as the 
tube is called, is much used in qualitative analysis, but is less suited for quantitative work. 
We have given the different types of funnel on the market a three months’ trial, and found 
those indicated in fig. 28A best for quantitative work. 

* If the slope of the funnel be not quite right, it may l>e necessary to alter the crease 
of the filter*paper a little, so that the paper lies close to the walls of the funnel when opened 
out. If a very ba<l funnel is found in a batch, it may give more trouble than it is worth. 

5 C. E. Avery, Chem. News, ly, 294, 1868. See H. M. Schleicher {Met. Chem, Eng,, 16, 
548, 1917) on folding filter-papers. 

« P. Hart {Chem. Ztg., 32, 1228, 1908) recommends folded papers for fine sand and 
colloidal precipitates. 

’ The filling of the stem of the funnel is facilitated by keeping the stem free from grease 
by frequent treatment with the cleaning mixture of page 29; and also by making two con- 
strictions in the stem. P. E. Raasebou, Zeit. anal, Chem., 49, 759, 1910. 
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the walls of the funnel and the paper as the paper empties. When the filter- 
paper is properly bedded, water will flcm through the paper quickly ^ and 
filtration will usually proceed quite rapidly; at any rate, the paper is doing its 
best under the given conditions. The liquid in the filter-paper is under a 
pressure equal to the weight of a column of liquid of the same diameter as the 
bore of the stem and of a height A, fig. 28 , where a represents the level of liquid 
in the filter-paper. Hence, in filtering, keep the paj>er filled to its greatest 
capacity ^ in order to get a maximum value for A, which, in turn, corresponds 
with maximum velocity of filtration. If the bore of the tube be too wide, 
liquid will run down the sides of the tube and no pressure will be produced; 
while if the tube be too narrow, surface tension may prevent the flow of the 
liquid even when the funmd is full. A sharp tap o)i the filter stand will often 
start the flow.^ 

In quantitative work it is very important to bear in mind that the size of the 
filier-pa'per must be determined by the maynitude of the precipitate, not by the bulk of 
the liquid to be filtered. If too large a paper be selected, time is wasted in 
washing the paper and it has just been ])ointe(i out that paper as well as 
precipitate has the property of retaining certain salts very tenaciously. 

Transfer of Precipitate to F ilter-Paper. — The precipitate is usually allowed to 
settle before filtration.^ The clear liquid should not be j)Oured directly into 
the fuiinol, but down a glass rod, so that the stream is directed towards the 
side, not the centre of the filter-paper.*^ The receiving vessel for the filtrate 
should be so ])laced that the liquid running from the funnel does not fall into 
the centre, but down the side of the vessel, thus avoiding any danger of loss 
by splashing. If desired, the receiving vessel for the filtrate can be covered by 
a glass plate, with a hole at the side, whereby the position of the stem of the 
funnel is unaltered. The funnel can also be covered with a clock-glass while 
the filtration is in progress. The obje(*t is to keej) out dust. 

If it be noticed while a filtration is in ])rogress that too small a paper has 
been selected, so that the ])reclpitate is likely to fill the paper more than half 
full, it is better to use another paper and distribute the precipitate between the 
two papers. Ample room should be left for washing the precipitate. If the 
precipitate occu])ies more than two-thirds of the paper, difficulties will be 
encountered in the subsequent washing. 

''Policeman ” — When the liquid has been transferred to the paper, it will 
generally be found that small portions of the precipitate remain adhering to the 
vessel.® These can usually be loosened by means of a policeman which is 


^ If the watt‘r docs not flow through sufficiently rapidly, dis(tard the paper and use another. 

® The capacity in c.c. of smooth filt-or-papers folded to tit a funnel with an angle of 60° 
is -Tfd* V3/192, where d is diameter of the paper in cm. ; if the paper is filled to within 0-5 cm. 
of the top edge, (c? -- 1) must be substituted for d. — L. Wolter, Chem. Z(g., 38 , 1243, 1914. 

® Any dirt in the boro of these tubes is easily removed with a “tube cleaner” or a tobacco- 
pipe cleaner. E. Bauer {Chem. ZUj., 12 , 789, 1888) recommends a funnel with no stem at all 
for precipitates which filter with difficulty ! His idea is to let the funnel dip in a vessel of 
water. By renewing the water occasionally, the precipitate is washed by diffusion. There 
is no advantage in this suggestion for general work. See also P. Blackman, Chem. News, 
104 , 30, 211, 312, 1911. 

* (1) Fine precipitates are then not so likely to run through the filter-paper; and (2) the 
time occupied in standing ensures more complete precipitation with precipitates which form 
slowly, e.g. magnesium ammonium phosphate, ammonium phosphomolybdate, potassium 
platinichloride, potassium cobaltinitrite. 

® Do not stir up the liquid when the rod is returned to the liquid. 

• If the particles cannot be scraped off, dissolve them in a suitable solvent and reprecipitate 
in a small leaker. In some cases, the particles need not be loosened, but left in the beaker. 
This is usually done when the precipitate is to be dissolved and reprecipitated, as is the ease 

6 
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made by covering the end of a glass rod with a tight-fitting piece of rubber 
tube. Pieces of rubber tube with solid ends are sold for the purpose, or they can 
be made from a piece of rubber tubing 3-4 cm. long by placing a little solution of 
caoutchouc in chloroform (or naphtha) within the rubber tubing at one end, and 
pressing the sides together between the jaws of a clamp ^ for a couple of days. 
The sealed end is then trimmed with a pair of scissors and the open end is 
slipped on to a piece of glass rod which fits the rubber tightly. ^ If an Erlenmeyer 
flask is used for the precipitation, care should be taken to choose one with a 
bottom easily accessible to the “policeman.” 

Washing the Precipitate, — After thoroughly washing the rod and “police- 
man,” the adhering particles are loosened from the sides of the beaker by 
means of the “policeman.” The beaker is then held between the thumb and 
the last three fingers of the left hand, while the rod, carrying the “ policeman,” 
is clamped across a diameter of the beaker by means of the forefinger. The 
beaker is now inverted over the filtering funnel until the rod is inclined at an 
angle of about 45^ to the vertical. The nozzle of the wash-bottle having been 
turned upwards, the bottle is held in the right band and small jets of the 
washing liquid are intermittently directed from it round and round the inside 
of the beaker. The liquid is allowed to drain completely from the beaker, 
dowm the rod and on to the side of the filter-paper, between each washing. In 
this way the walls of the beaker are effectively washed and all particles loosened 
by the “policeman” are transferred na the rod to the filter-paper. Finally 
the rod and “policeman” are well rinsed into the funnel. The washing of the 
precipitate on the paper is effected by means of a jet of, say, water from the 
wash-bottle. The stream is first directed round and round the upper edge of 
the filter-paper so as to wash downwards towards the apex of the cone and 
the precipitate is collected as nearly as possible at the apex of the cone at the 
last washing. The paper is never filled with water and the precipitate is nearly 
altvays allowed to drain completely before adding fresh wash-irater. The washing 
is continued until a few drops of the washings collected in a test tube show the 
absence of the salts which are being washed from the precipitate.® Before 
testing, the end of the funnel should be rinsed as, owing to surface tension, 
the liquid tends to creep up the outside of the funnel. For a similar reason 
the top edge of the filter-paper needs thorough washing. The filtrate is usually 
needed for the determination of another constituent and, in consequence, as 
little of the washings as convenient must be used in making the test, otherwise 
some of the filtrate will be lost. Six washings may suffice, but there is no 
fixed rule. Some precipitates retain the mother liquid more tenaciously than 
others, partly attracted by some kind of surface action and partly entangled 
mechanically in the solid. 

It may seem that undue stress is laid upon manipulation. The great 
accuracy and skill with which a competent analyst does his work can only be 
acquired by a repetition of the same operations a great number of times. 
There are some troublesome precipitates which at best require inconveniently 
large volumes of wash-water. When another constituent is to be separated 


with the “alumina” precipitate in clay analyses. The beaker and the particles are washed as 
well as possible, and the solution of the precipitate on the filter-paper is allowed to return into 
the beaker where the first precipitation was made. 

^ A clamp for the purpose is easily made from two pieces of wood, say, 30 cm. long, 
and 5 cm. by 2 cm. cross section. Holes are bored through each end to fit a pair of “sash 
screws.” The rubber tips are clamped by turning the thumb-screws. 

* A. A. Blair, The Chemical Analysis of Iron, Philadelphia, 31, 1908. 

* In some cases, until a few drops evaporated on a piece of clean platinum foil give no 
residue. 
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from the filtrate, time is lost by the necessary evaporation and the risk of loss 
during transfer from vessel to vessel is increased. In such cases it is best to 
change the receiver as soon as the liquid is filt€*red and washing begins. Then 
collect the washings in an evaporating basin and concentrate them by evapora- 
tion to a convenient volume. Mix the concentrated washings with the first 
filtrate. It is a good plan to change the receiver regularly as soon as washing 
starts, so that if the filtrate begins to get turbid towards the end of a washing, 
there will be no need to refilter all the liquid. Experience will soon teach 
what filtrates and .washings may be safely collected in one receiving vessel. 


§ 44. Wash-Bottles. 

A great many types of wash-bottle have been suggested. The simpler 
types generally are best. That shown in A and B, fig. 29, is the form most 
useful for gen<*ral work. It is fitted with a rubber stopper ^ and glass tubes. 



Fj«. 29. — Wash- bottles. 

The jet is joined by thick black rubber tubing so that it can easily be turned in 
any direction.^ It is convenient to have several interchangeable jets with 
different sized orifices whereby the volume of the jet of liquid can be varied 
when desired. The neck of the flask is bound round with thick string, flannel, 
birch bark, cork or some suitable non-conductor of heat,® thus enabling the 
bottle to be used when necessary for hot wash liquors. 

Some prefer Erlenmeyer or Sullivan flasks for wash-bottles. The wash- 
bottle, 0, fig. 29, is used for alcohol or other volatile liquids or for liquids which 

' There is a danger of contaminating the water with sulphuric acid derived from the 
sulphides — antimony — used in vulcanising the rubber. J. Pattinson and J. T. Dunn, Joum, 
80 c, Chem, Jnd,, 24, 16, 1905. 

* G. Foord, Chem, News, 30, 191, 1874; A. R. Leeds, t6., 20, 236, 1870; W. J. Land, 
Amer, Chemist, 3, 221, 1874; A. Gawalovski, ZeiU anal, Chem., 14, 170, 1875. 

• Asbestos paper is objectionable, because it is liable to flake off, and particles may thus 
get into the filter >paper or filtrate. 
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spoil in exposure to the air.* It is fitted, as shown, with a ground glass stopper 
and has stop-cocks on the jet and mouth-piece. 

When wanning the contents of a wash-bottle it is customary to remove 
the stopper and ledge it on the neck of the bottle in order to y)revent facial 
scalds by steam escaping from the mouth-piece. If, however, the bottle is well 
shaken to expel any steam just before use, this precaution is unnecessary, 
though the rubber sto])per deteriorates through continued exjiosure to steam. 
Alternatively a bottle fitted with a valve can be used. 

Wash-bottles containing ammonia water, ammonium carbonate, hydrogen 
or ammonium sulphide solutions and other un})leasant liquids, are best fitted 
with some form of valve which is (closed at will by the excess pressure in the 
flask. Various ty])es of valves have been devised, ^ most of which are illustrated 
in dealers’ catalogues. 

Washing a Large Namher of Precipitates. — When a number of precipitates 
have to be washed, the wash-bottle can be almost discarded, and a water supply 
— “’bottle and syphon” — placed high above the working bench. The syphon 
tube is connected with a glass jet by a piece of rubber tubing sufficiently long to 
reach all the precipitates to be washed, and with a suitable tap for arresting or 
regulating the flow of the liquid used for washing the precipitates. If water be 
the washing liquid, arrangements can easily be devised for heating the reservoir. 
This arrangement is much more convenient than wash-bottles.® 

§ 45. The Theory of Washing Precipitates. 

Under ideal conditions the reagent used for ])reci{)itations — tlui precipi- 
tant — should form a jirecipitate of definite composition, which is very sparingly 
soluble, or practically insoluble, in the mother and washing liquids. Any excess 
of the precipitating agent should be readily removed from the ])reci]>itate by 
washing (or by ignition). The precipitating agent should not introduce any 
substance likely to interfere with the precipitation of other constituents from 
the filtrate later on. Again, the precipitate should be compact, easily filtered 
and washed. Few processes satisfy all these desiderata, and an important part 
of analytical chemistry is to know what conditions favour and what conditions 
hinder the separation and purification of a given precipitate. There are, 
however, a few general principles of such wide applicability that they should be 
carefully studied. 

Colloidal and Fine-grained Precipitates.— h\ general, the finer the grain of 
the precipitate, the greater the quantity of contaminating salts retained by the 
wet precipitate. Fine-grained precipitates expose a large surface of separation 
between the solid and solution. The salts appear to be retained by a kind of 


^ For compressed air wash-bottles, see W. C. Ferguson, Journ. Amer. Chern. Soc., 16, 
149, 1894. 

* For Bunsen's valve and some modifications, see page 170. J. J. Griffin, Brit. Pat. No. 
464801, 1905; M. Stuhl, Ckem. Ztg., 21, 396, 1897; E. Stroschein, 13, 464, 1889; C. E. 
Waters, Journ. Amer. Chem. 80 c., 27, 298, 1906; R. K. Meade, ib., 19, 581, 1897; F. M. 
Haldeman, Journ. Anal. App. Chem., 2, 301, 1888; L. M. Dennis, Amer. Chem. Journ. ^ li, 
218, 1889; E. Jacob, Zeit. anal. Chem., 5, 168, 1866; T. Bayley, ib., 18, 295, 1879; E. Borg- 
mann, ib., 22, 60, 1883; H. Dubovitz, Chem. News, 91, 147, 1905. 

* G. E. Boltz, Journ. Amer. Chem. Soc., 33, 514, 1911. For automatic filtration and 
washing, see E. Sinkinson, Chem. News, 106, 49, 1912; Analyst, 45, 94, 1920; E. C. Lanthrop, 
Ind. Eng. Chem., 9, 627, 1917; J. M. Pickel, Chem. News, IZ2, 3, 1916; M. L. Hamlin, Journ. 
Amer. Chem. 80 c., 33, 1684, 1911. For filtering and washing in inert gases, see J. B* Firth 
and J. E. Myers, Proc. Chem. 80 c., 27, 96, 1911; Chem. News, 103, 223, 1911; G. Reddelien, 
Chem. Ztg., 41, 684, 1917; A. Wolfram, Ber., 54B, 857, 1921; V. Grabe and K. Freund, 
Biochem. Zeit., 205, 259, 1929. 
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surface attraction which is called, for convenience, adsorption.^ Hence, fine- 
grained precipitates are more difiicult to wash clean than coarse-grained 
precipitates.*^ Colloidal gelatinous precipitates like ferric and aluminium 
hydroxides are in an extremely fine state of subdivision, and, in consequence, 
they are most difficult to wash clean. Such precipitates may require ten to 
twenty washings, and then not be so clean as a coarse-grained crystalline 
precipitate after two or three washings. ^ The addition of a moderate amount 
of filter-paper pulp to the solution after precipitation often materially facili- 
tates the filtration and washing of gelatinous precipitates by increasing their 
porosity. 

Again, fine-grained precipitates, like newly precipitated barium sulphate, 
lead sulphite, calcium oxalate and silv^er chloride, are f)articularly liable to pass 
through the filter-])aper, while coarse-grained precipitates give no trouble. 
Hence, the analyst uses various artifices in order to coagulate or to crystallise 
gelatinous and amorphous ])recij)itates. Among the more important means of 
effecting these changes are: 

(1) The grain size can be frequently increased by allowing the precipitate 
to stand in the mother liquid for some time. This, for instance, is the case 
with lead chromate, antimony oxychloride, manganese ammonium phosphate, 
sodium antirnonate, stannic hydroxide, calcium oxalate, silver chloride, metallic 
sulphides, barium sulphate, etc.^ 

(2) Precipitates j)roduced in hot solutions are often coarser-grained than 
precipitates produced in cold solutions. The boiling of precipitates in a 
fine state of subdivision may lead to the floccmlation of a large number of the 
fine particles into a relatively small number of coarse grains.^ Zinc sulphide, 
barium sulphate and manganese ammonium phosphate may be cited in 
ill Uvst ration. 

(3) The flocculation of a ])recipitate which separates in a colloidal condition 
is frequently effected by the salts present in the mother liquid. When these 
salts have been almost remov’^ed, during the later stages of the washing, the 
coagulated preci})itate sometimes passes to a colloidal or gelatinous condition, 
and it may then give a turbid filtrate, or become so slimy as to be almost 
impermeable to the washing liquid.® In such cases it is necessary to wash the 
precipitate, not with pure water, but with a solution of an acid or salt which 
will prevent the deflocculation of the precipitate and which can be easily 
removed by drying or ignition. Acids can only be used with precipitates of 
an acid nature, e,g. washing titanium hydroxide with acetic acid (page 195); 
and with precipitates insoluble in even strong acids, e.g. silver chloride, which 
is washed with dilute nitric acid (page 747). Usually, we have to depend upon 
the ammonium salts -nitrate, sul})hate, chloride and acetate.’ For instance, 

‘ For adsorption in analytical work, see I. M. Kolthoff, Pharm. Weekh., 57 , 1510, 1571, 
1920; 58 , 46, 152, 401, 463, *1921. 

* The term “coarse-grained precipitate” of course does not mean aggregates formed by 
the clotting of a number of fine grains. 

* P. Nicolardot, CompL rend., 140 , 310, 1905; J. Duclaux, ib., 143 , 296, 1906; G. N. 
Wyrouboff, Ann. Chim. Phys., ( 8 ), 7 , 449, 1905. 

< G. Watson, Chem, News, 63 , 109, 1891. 

« A. VilUcrs, Compt. rend., 120 , 97, 149, 1895. 

® For the clogging of filters, see G. Genin, Iter. gen. Colloid, 5 , 523, 1927. 

’ R. Bunsen, Liehig\*i Ann., 106 , 13, 1858. Salts of polyvalent metals and alkaline earths 
give the best results, but these, with the exception of mercury, are excluded because they 
would remain with the precipitate after ignition. Mercury salts can only be used in a limited 
number of coses on account of secondary reactions. Ammonium salts are perhaps least 
effective, but they are usually the best we can use. See R. G. Smith, Journ. 80 c. Chem. Jnd., 
16 , 872, 1897; N. Pappada, Zeit. Chem. Ind. Kolloide, 9 , 233, 1911; A. Villiers, Compt. rend., 
X20, 188, 1895. 
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washing the “alumina'" precipitate with ammonium nitrate (page 165). The 
ammonium salt is volatilised when the precipitate is calcined.^ 

Adsorption of Salts by Preci^dtates, — On account of the adsorption of a 
certain amount of salt with colloidal precipitates, such as occurs, for instance, 
in the ammonia precipitate, the contaminating salts cannot be all removed 
by washing. There are many reasons for supposing that all precipitates carry 
down with them, that is, adsorb, substances from the solution in which they 
are formed. The wash-water may show^ no indication of the impurities so 
retained by the precipitate. Thus, Warington 2 found that ferric hydroxide 
precipitated by potassium carbonate only lost two-thirds of this salt by a 
washing which would have removed all but a ()*(X)69th part of a salt not 
adsorbed by the precipitate. The same observer records the adsorption of 
various salts by aluminium and ferric hydroxides. It is therefore frequently 
advisable to dissolve the precipitate in a suitable solvent and reprecipitate. 
The objectionable impurity divides itself in a definite ratio between the 
precipitate and mother liquid. A relatively large amount may be retained 
by the precipitate during the first precipitation, but on a second precipitation, 
when only that amount of salt which was retained by the first precipitate is in 
solution, the partition of the undesirable salt between the precipitate and the 
solution ill the given ratio means that a relatively small amount of impurity 
will be retained by the second precipitate. Two, possibly three, precipitations 
will generally remove all appreciable amounts of the objectionable impurity 
from the precipitate. For instance, aluminium and ferric hydroxides, man- 
ganese ammonium phosphate (page 397), zinc sulphide (page 385) and nickel 
and cobalt sulphides (page 413). Suppose that the first precipitate retains 
a 0*01th part of the objectionable salts, while a 0*99th part is removed by 
filtration. The second precipitate will contain OOlth of ()•()! th of the salt; the 
third precipitate, 0-000(X)lth of the salt. Thus, repeated reprecipitation will 
soon carry the amount of impurity outside the range of the balance.*'* 

These facts also lead us to conclude that, if a small quantity of a substance 
A is to be separated from a large quantity of a substance B, it is generally better 
to precipitate A rather than precipitate B. The loss of A through adsorption 
by B makes the “error of experiment'" greater than if some of B be lost through 
adsorption by A. 

Amount of Liquid Needed for Washiny Precipitates, — A rather important 
question has to be decided in washing ])recipitates. Is a relatively small 
number of washings with large volumes of liquid more effective than a relatively 
large number of washings with small volumes of liquid? Suppose that a 
precipitate be allowed to drain on a filter- paper, and that the precipitate 
exercises no physical or chemical action on the salts in solution in the mother 
liquid.^ Let the volume of the mother liquid retained by the moist precipitate 

^ See page 384. Sometimt's precipitates which are difficult to filter clear can be satis- 
factorily filtered if a little recently ignited kieselguhr (J. P. Ogilvie, Jourti. Stjc. Chem, Ind., 
30 , 62, 1911), or china clay (F. Watts and H. A. Tempany, * 6 ., 27 , 53, 1908), be added to the 
mixture — e,g, for lead sulplfite. The device is particularly useful when the filtrate is alone 
wanted, or when the precipitate is to be afterwards dissolved in a solvent which does not 
attack the clay or silica. 

* R. Warington, Journ. Chem. JSoc., 21 , 1, 1868; P. Jannasch and T. W. Richards, Journ, 
prakt. Chem., (2), 39 , 321, 1889; Ed. Schneider, Zeit. anrd. Chem., 10 , 425, 1882; T. W. 
Richards, ib., 46 , 189, 1903; Proc. Amer. Acad., 35 , 377, 1900; K. Scheringa, Pharm. We^k- 
blad, 48 , 674, 1911. 

* In the case of some “rare earth” separations, where the ratio is relatively large, a great 
number of precipitations — fractional precipitations — may bo required to effect the separation. 
W. Crookes, Chem. News, 54 , 131, 1886; K. Scheringa, Pharm. Weekblad, 48 , 674, 1911; 
G. McP. Smith, Journ. Amer. Chem. 80 c., 39 , 1152, 1917. 

* The assumption is rarely justified, but this does not affect the principle under discussion. 
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be represented by v c.c. Add V c.c. of water to wash the precipitate. The 
total volume of liquid will be (v 4- V) c.c. Let this drain on the filter-paper. 
The moist precipitate retains v c.c. of the v+V c.c. Otherwise expressed, the 

V 

precipitate on the first draining retains ^c.c. of the mother liquid. After 
the first washing, again add V c.c. of water and let the precipitate drain. The 

. . . . . V V 

moist precipitate retains, on the second draining, a volume of the — c.c. 

V + v V + v 

of the mother liquid. Hence, the precipitate retains: 


First draining 


c.c. of the mother liquid ; 


Second draining mother liquid; 


7/,th draining 


c.c. of the mother liquid. 


In order to understand what these expressions symbolise, it is advisable to 
take a numerical example. Suppose that a precipitate, which retains at each 
draining v^l c.c. of the mother liquid, is to be washed until it retains but 
0-00001 c.c. of the mother liquid. In that case, after the nth washing, we 
have 



0-0(XK)l 


Ifn — 6, V is nearly 6 c.c., and if w = 4, V is nearly 17 c.c. This means that the 
precipitate will be washed as clean with six washings (n==6), using 6 c.c, of 
water (^==6) each time, as with four washings (n = 4), using 17 c.c. (F = 17) 
each time. In the former case, 36 c.c. of wash-water pass through the filter- 
paper, and in the latter case, 68 c.c. of water pass through the filter-paper. 
Hence it may be concluded that (he trashing of a precipitate is more efficiently 
performed hy the frequent application of a small volume of water than by using 
a relatively large volume of water applied a small number of times. It is here 
assumed that the precipitate is allowed to drain before it is refilled with 
washing liquid.^ This theory of washing precipitates was developed by 
Bunsen, in I868.2 

Horsley deduces from his experiments: 

1 . To keep down the volume of the wash-water, keep the quantity of liquid 
on the filter-paper small throughout. 

2. The time required for washing cannot be quickened or delayed by any 
change in the method of adding the wash liquid, provided the upper edge of the 
filter-paper be attended to. 

3. To minimise the drudgery of filtration, make each addition as large as 
possible and allow the precipitate to drain; but the time of washing will not be 
affected. 


^ In washing by decantation with boiling water, T. W. Das {Chem. News^ loi, 169, 1910) 
recommends transferring the precipitate, after each decantation, to the filter, washing out 
the precipitate into a beaker, adding fresh water and repeating. This ensures the better 
removal of the mother liquid and more rapid washing. 

* R. Bunsen, Liebig's Ann., 148 , 269, 1868; G. F. Horsley, Chem. News, 87 , 237, 1903. 
For the theory of filtration, see A. J. V. Underwood, World Eng. Cong. Tokio, Paper No. 278, 
1929; J. P. M. van Gilse, P. J. H. van Ginneken and H. I. Waterman, Journ. Soc. Chem. 
fwd., 49 , 444T, 483T, 1930; 50 , 41T, 96T, 1931; B. F. Ruth, R. E. Montonna and G. H. 
Montillon, Ind. Eng. Ckem.f 23 , 860, 1931; C. Almy, junr., and W. K. Lewis, ib., 4 , 528, 1912. 
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§ 46. Bunsen’s System of Accelerated Filtration. 


The lonf^-stemmed funnels we have just recommended give very good results 
in routine work, but a considerable amount of time can be saved by using 

suction, as recommended l)y Bunsen.^ The Swedish filter- 

papers mentioned on p. 79 will not bear much suction. Tliey 
will burst near the tip. Jn (H)nsequence, a small perforated 
platinum filter cone, fig. 30, is placed in the funnel to help 
the paper to bear the pressure. The filter cone is first 
placed in the funnel, and the paper is bedded to cone and 
Fi(i. 30.— Filter funnel. Tf the. paper be not properly bedded to both cone 
Cone. and funnel, it will inevitably he torn as soon as strong suction 

sets in. The funnel is fixed in the neck of a stout-walled 


filtration flask by means of a rubber stopper. Jf the filtrate is to be used 
afterwards, Witt’s filtration jar may be preferable.**^ Zopfi^hen’s ^ filtration 
tube is useful when small quantities are under investigation and in other special 
cases. Instead of a platinum cone, filter-papers with toughened ti])s are useful 
w'hen the pressure is not too great.*^ These are made by immersing the tip of 
the folded paper in nitric acid (sp. gr. 1*42) for a few moments and then 
thoroughly washing the paper with water, or they (‘an be purchased. The 
small sizes (4 or 5*5 cm.) can be used in pla(n‘ of the platinum cone. The 
toughened paper cone can be pierced in a number of places near the tip with 
a fine needle.^ 


In filtering and washing precipitates under diminished ])ressure, as a rule 
do not allow the precipitate to drain, but add more liquid before the former 
liquid has run through. If the precifutate be allowed to drain, as recom- 
mended for ordinary filtration, channels or fissures sometimes form in the 
precipitate. The wash-water then simply runs through the channels without 
coming in contact with the bulk of the precipitate. 


§ 47. Tared Filter-Papers. 

Some precipitates, when collected on a filter-paper, cannot be ignited with 
the paper on account of volatilisation or decomposition. These cases require 
special treatment. In some cases the filter-pa])er is separated from the 
precipitate and ignited separately. In other cases the filter-paper is dried 
at, say, 100'’ or 120''" and weighed.’ The precipitate is then collected and 

^ R. Bunsen, Liebig's Ann., 148, 260, 1868; Zeit. amd. Chew., 8, 174, 1869; E. C. Hilde- 
brand, Chew. News, 34, 57, 1876; C. Jones, Journ. Amd. App. Chem., i, 383, 1887; V. 
Krousler, Chem. Ztg., 8, 1324, 1885. For filtration under pressure, T, Feller, Zeit. amd. Chem., 

3, 325, 1864. 

® A. Gawalovski, Zeit. anal. Chem., 23, 372, 1884. K. S. Hale, Chem. News, 20, 128, 1869, 
for copper cone. 8ee, and for funnels with a perforated inner wall, C. Niekles, Journ. Soc. 
Chem. Ind., 6, 134, 1887; J. de Mollins, Zeit. anal. Chem., 19, 334, 1880. 

» O. N. Witt, Chem. Ind., 510, 1899; A. R. Leeds, Chem,. News, 23, 177, 1871; 21, 236, 
1870; A. Burgemeister, Zeit. anal. Chem., 28, 676, 1889; F. Allihn, ib., 26, 721, 1887. 

* H. Zopfehen, Chem. Ztg., 25, 1008, 1901; H. S. Bailey, Journ. Amer. Chem. Soc., 31, 
1144, 1909; W. M. Thornton, junr., Ind. Eng. Chem., 10, 132, 1918. 

* E. E. Francis, Journ. Chem. Soc., 47, 183, 1885; J. F. Stoffart, Journ. Anal. App. Chem., 

4, 1, 1890; C. H. C. Tichbome, Pharm,. Journ., (3), 2, 881, 1871. For the use of membrane 
filters, see R. Zsigmondy and W. Bachmann, Zeit. anorg. Chem., 103, 1 19, 1918; R. Zsigmondy 
and O. Jander, Zeit. anal. Chem., 58, 241, 1919; 0. Jander and H. C. Stuhlmann, ib., 60, 
289, 1921; G. Jander, ib., 61, 145, 1922; G. and W. Jander, ib., 63, 273, 1923; L. Moser 
and T. Kittl, Chem. Ztg., 44, 637, 1920. 

* M. H. Cochrane, Chem. News, 32, 80, 1876. 

’ C. Gilbert, Pep, Anal. Chem., i, 264, 1881; J. L. Smith, Chem. News, 31, 66, 1876. 
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washed on the filter-paper as usual. The paper and contents are then partially 
dried in the funnel (so that the paper and contents can be removed without 
tearing the paper), placed in the weighing bottle and later dried at the desired 
temperature, say, 110° or 120°. The paper is very hygrosco])ic, and it must 
be protected from the atmosphere while being weighed. 

Consequently, the ])aper may be folded and placed be- 
tween a pair of weighed watch-glasses, c, fig. 1 , or in 
weighing tubes,/, fig. 1. Some j)a})ers, after use, are 
liable to disintegrate and break if folded; in that case, 
either a Reinhardt weighing bottle, fig. 31, or a Konin(;k Fic. 31.— Reinhardt’s 
weighing funnel should l)e iised.^ Bottle. 

if an allowance has to be made for the action of the liquid under filtration 
on the pa})eT, it wdll be jiecesvsary to treat a second paper with the clear filtrate 
and find the effect on the weight of the paper after the ])aper has been washed 
and dried. The loss or gain in the w'oight of the emjfiy i>a])er, by the treat- 
ment, represents the effect of the solution on the filter-paper containing the 
preci])itate, and an allowance must be inade accordingly.^ The following is the 
best plan : — Tw^o filter-papers of the same size are w^eighed one against the other. 
The difference in weight is marked with a pencil on the heavier. Each filter- 
paper is placed on a funnel. The solution to be filtered is poured through the 
one, and the filtrate is ])oured through the second ])aper. Similarly, duplicate 
the washings. The two filter-papers are dried in the ordinary manner. In 
weighing, the empty f)aper is placed on the right ])an as a tare to the other, and 
due allowance made for the excess in the wx'ight of the one paper over the other.^ 

A certain amount of judgment is required in insing the different weighing 
tubes. For exam])le, the Koninck’s apparatus weighs about 50 grins. The 
preci[jitate may weigh 0*005 grrn. The a])paratus is thus 10,000 times heavier 
than the precipitate! The large surface exposed by the glass may introduce 
a small error which is relatively large in comparison with the substance being 
weighed. In general, the greater the difference betw^een the weight of the 
precipitjite and the weight of the apparatus, the greater the percentage error 
affecting the determination. It is therefore best to keep the weighing apparatus 
as small as possible. Processes involving the use of tared filter-papers are 
rapidly falling out of use. 

§ 48. Filtration Tubes. 

Instead of using tared filter-papers, substances which are injured by burning 
filter-papers may be filtered through cotton -wool,^ asbestos,® felt cloth ’ or 
glass-wool.® Thus, a tube shaped as indicated in fig. 32 A — F. Allihn’s 


^ C. Reinhanit, ZeiL atigew. 2 , 61, 1889; L. L. de Koninck, ib.; i, 689, 1888. 

® For the adsorption of salts by filter-paper, see footnote 1 , page 85. 

® If any solid matter should escape the first paper and be retained by the second, the work 
would probably be stultified. This is the objection to placing the second paper below the first 
in the funnel wiiile the liquid is being filtered, and separating the papers later on for weighing. 

* C, Riidorff, ZeiU atigew. Oicm., 3 , 633, 1890; Cheni. News, 66, 25, 1892. 

® A. B. Olcmence, Journ. Anal, App. Chem., i, 273, 1887. 

® See Gooch crucibles, page 91; W. P. Barba, Chem, News, 65 , 101 , 1892. 

’ R. Friihling and J. 8 chuz, Zeii. anal. Chem., 13 , 146, 1874. 

* It is well to remember that the glass-wool is often made from lead glass, and may give 
up some lea<i to acid solutions. F. Muck, Zeit. anal. Chem., 19 , 140, 1880; L. Blum, ib., 31 , 
292, 1892; F. Stolba, ib., 17 , 79, 1878; R. Bottger, Notizblatt, 34 , 3191, 1884; M. Battandier, 
Journ. Pharm. Chim., (4), 30 , 55, 1879; J. M. Wilkie and 11. 8 . Anderson, J<wrw. Soc,. Chem. 
Jnd., 36 , 272, 1917; W. M. Thornton, junr., Jnd. Eng. Chem., 10 , 132, 1918. For paper 
pulp, see S. L. Jodidi and E. H. Kellogg, Jovm. Franklin Inst., i 8 i, 217, 1916; O. Hackl, 
Chem. Zig., 43 , 70, 1919. 
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tube — may be packed first with glass-wool, then with, say, as]>estos. Some 
precipitates are liable to clog if the asbestos be packed in too thick a layer 
— for instance, manganese oxide precipitated by potassium chlorate. In 
that case, some prefer a small plug of glass-wool, followed by a 0*6 to 07 cm. 
layer of calcined Calais sand,^ with or without a thin layer of asbestos over the 

sand. Several different ways of packing 
have been suggested and several differ- 
ent forms of filter tube,^ e.g, the tube 
may be stoppered at each end - Jan- 
nasch’s filter tube, fig. 159, page 747. 
In Fresenius’ filter tube there is a con- 
striction a, fig. 32 B; and the tube may 
hav^e a bulb in the region of the packing, 
fig. 32 C, which is Gibbs and Taylor’s 
tube. In Mason’s filter tube, 1), fig. 32, 
the stem is separate from the body of 
the tube, so that, when in j)osition, it 
forms a ledge on which a })erforated 
“filter plate” can rest. The stern is 
rather longer than the body of the tube, so that it can be used to eject the 
filter bed. 

In the analysis of iron where the carbon is separated as insoluble matter, the 
carbon is filtered in a tube of various forms™ e.q. a platinum tube with a 
perforated removable disc which is covered with asl)estos before filtration ; a 
glass tube with a platinum spiral,^ fig. 32 K, covered with long fibre and 
ignited asbestos. The carbonaceous matter is afterwards dried and burnt in 
a current of oxygen, or treated by the wet combustion process. Several other 
modifications are in use.^ Thus, the carbon may be collectcnl directly in a 
platinum boat fitted with a suitable bottom and holder for the filtration flask. 

§ 49. Filtration through Perforated Discs and Funnels. 

In 1870, Carmichael ® proposed a different system of filtration from those 
which precede. Carmichael’s plan was to keep the solution in a platinum dish in 
which the preci jutate was to be finally weighed. A disc of filter-paper was placed 
against the lower perforated surface of the vessel, whose interior was connected 
with the suction apparatus. The liquid and wash -water was sucked from the 
vessel and the precipitate was prevented from leaving the vessel by the filter- 


^ C. M. Sargent and J. K. Faust, Journ. Arner. Chem. JSoc,, 21, 287, 1899; Chem. News, 
79, 158, 1899. S. Kern, i6., 38, 157, 1878, platinum tubes with a.sbe8t<)8 pac^king. P. Weiss- 
kopf. Dingier' s Journ., 206, 243, 1872, felted glass-wool packing. 

* R. Fresenius, Zeit. anal. Chem., 8, 154, 1869; O. Lohse and P. Thomaschewski, ih., 39, 
158, 1900; W. Gibbs and E, R. Taylor, Amer. J. Science, (2), 44, 215, 1867; F. Allihn, Journ. 
praki. Chem., (2), 22, 56, 1880; F. Soxhlet, ib., (2), 21, 231, 1880; A. Goske, Chem. Ztg., 22, 
21, 1898; Ber., 32, 2142, 1899; J. S. C. Gray, Chem. Newe, 72, 165, 1895; H. P. Mason, ib., 
91, 180, 1905; T. Macfarlane, Analyst, 18, 73, 1895. 

® T. M. Drown, Tech. Quart., 20, 552, 1891. 

* E. Trutzer, Chem. Ztg., 38, 55, 1914; R. Peters, Zeit. angeuK Chem., 27, 64, 1914; 
H. Hkusler, Zeit. anal. Chem,., 64, 361, 1924; A. Rcnedetti- Pichler, ib., 64, 409, 1924; P. W. 
Shimer, Journ. Amer. Chem. Soc., 27, 287, 1905; E. 0. Bingham, Ind. Eng. Chem., 17, 293, 
1925. 

® H. Carmichael, Zeit. Chem., (2), 6, 481, 1870; Chem. News, 24, 213, 1871; W. Jago, ib.^ 
33, 54, 1876; C. Ville, ib., 30, 200, 1874; J. P. Cooke, Proc. Amer. Acad., 12 , 125, 1877; 
W. A. Puckner, Journ. Amer, Chem. 80 c., 15, 710, 1893; R. Friihling and J. 8chulz, Zeit, 
amU. Chem., 13, 146, 1874; L. W. Bahney, Met, Chem. Eng,, 10, 737, 1912. 
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paper. Casaniajor ^ modified this by using a kind of perforated false bottom 
with an aspirator and covering the upper surface of the perforated plate with 
a disc of filter-paper or asbestos pulp. Any liquid poured into the dish could 
then be filtered by suction through the perforated bottom. Sauer suggested 
the use of fiat discs of platinum gauze; and Grosjean perforated platinum discs 
in an ordinary funnel. A piece of filter-paper, rather larger than the disc, was 
supposed to be placed on the upper surface of the perforated 
disc. The paper was wetted and pressed close against the 
disc and funnel, so as to form a watertight joint all round 
the dis(\ The chief objection to the use of these discs for 
quantitative work arises from the fact that only ])art of the 
precipitate collects on the disc; part collects on the funnel, 
whence it can only be removed with difficulty. In order to 
keep the discs horizontal, Smith ^ soldered a platinum rod to 
the under side of the disc. When the rod was dro])ped into 
the stem of the funnel, the disc was in a horizontal position. 

The so-called Witt’s filter ])laies ^ are made of glass or Fkj. 33. — Hirsch’s 
porcelain, rather larger in diameter on the upper side; other- Funnel, 
wise they resemble Grosjean’s discs, and Kaehlcr added the 
vertical rod as previously suggested by Smith. Kaehler’s filtration discs are 
also made with a groove to take a rubber band between the disc and the funnel, 
thus ensuring a better joint between plate and funnel. They are sometimes 
made of porous earthenware, asbestos or alundum (fused alumina) without 
perforations and of different porosities.^ Tn Hirsch's® funnels (fig. 33) the 
disc is an integral part of the funnel. In the diff'erent forms of the so-called 
Buchner funnels the disc may or may not be permanently fixed, but the walls 
of the funnel above the disc are vertical. The sloping sides of the funnel below 
the disc narrow rapidly. The disc presents a more extended surface than in 
Hirsch’s funnel. These are all different modifications of the one principle. 
Some of these funnels are valuable auxiliaries in preparation work. They are 
used with perforated rubber stoppers, filtering flask and suction. For other 
forms see page 716, 



§ 50. Gooch Filtration Crucibles. 

In 1878, F. A. Gooch ’ proposed to filter certain liquids by suction through 
a bed of asbestos resting on the perforated bottom of a crucible, the Gooch 
crucible. This type of crucible is so wudely known and so much used in 


^ P. Casaniajor, Amer. Chem., 5 , 440, 1875; 6 , 124, 1876; Chvm. News, 32 , 33, 45, 183, 
1875; 45 , 148, 1882; 46 , 8 , 1882; 53 , 194, 248, 1886; Jovrtu Amer. Chem. Soc., 3 , 125, 
1881; 8 , 17, 1886; K, Zulkowsky, Zei(. amU Chem., 17 , 198, 1878; 18 , 459, 1879; 22 , 173, 
1883. For reversed filtration, see also A. Wildenstein, ib., i, 432, 1862; M. C. Lea, Amer. 
J. Science, (2), 42 , 379, 1866; E, Fleischer, Chem. News, 19 , 169, 1869. 

* A. Sauer, Zeit. anal. Chem., 14 , 312, 1875; B. J. Grosjean, Journ. Chem, Sac., 16 , 341, 
1879; Chem. News, 39 , 182, 1879; 45 , 107, 1882. 

* J. C. Smith, Amer. Chem. Joum., i, 368, 1879; S. L. Penfield and W. M. Bradley, 
Amer. J. Science, (4), 21 , 453, 1906; Chem. News, 94 , 293, 1906. 

* O. N. Witt, Ber., 19 , 918, 1886; M. Kaehler, Zeit. anal. Chem.., 33 , 63, 1894; Journ. Amer. 
Chem. 80 c., 16 , 58, 1894; C. H. Piesse, Chem. News, 28 , 198, 1873; A. Borntrager, Ber., 19 , 
1690, 1886. R. Warington {Zeit. anal. Chem., 25 , 354, 1886) used load plates for tartaric acid, 

® R. C. Bonner and W. H. Ross, Journ. Amer. Chem. 80 c., 34 , 51, 1912. 

® R. Hirsch, Chem. Ztg., 12, 340 , 1888; E. Buchner, ib., Z2, 1277, 1888; 13, 95, 1889; 
E. Murmann, Zeit. anal. Chem., 50 , 742, 1911. 

’ F. A. Gooch, Proc. Amer. Acad., 13 , 342, 1878; ib., 20 , 390, 1885; Chetn. News, 37 , 
181, 1878; ib,, 53 , 234, 1886; G. C. Caldwell, Joum. Amer. Chem. Soc., 13 , 105, 1891 ; T. Paul, 
Zeit. anal. Chem., Sh 537, 1892; Chem. News, 67 , 8 , 1893. 
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analytical work that its preparation and use need no detailed description. 
Certain points, however, need amplification. 

1. Pre'paration of the Asbestos.^— There are several varieties of asbestos on 
the market. The long-fibre '‘silky” crysolite asbestos gives the best results, 
since it does not pack so closely as many of the other varieties and, in con- 
sequence, it filters most rapidly. Place a lO’s brass wire sieve, bottom upwards, 
on a sheet of paper. Rub a handful of asbestos roughly over the sieve so as to 
break the asbestos into smaller fragments which pass through the sieve.® 
Collect that which remains on the sieve into another bundle and repeat the 
operation until sufficient fibre has passed through. Next remove the dust and 
the fine powder by placing the material on a 3()’s lawn and agitating the mass 
while water is ]>oured over the sieA'e. When the wat(‘r which j)asses through 
has lost its milky appearance and seems quite clear, transfer the washed asbestos 
to a beaker or flask and })()il for about half an hour with hydrochloric acid (1 : 4). 
Now w’^ash the asbestos on a ])erforated funnel Jlirscdrs or Biichner’s- fitted 
with a piece of filter-paper. Mix the washed as])estos with water, and the 
asbestos emulsion so prepared may be kept in a bottle ready for use. Asbestos 
already prepared for use in (h)ocli crucibles can be ])urchased. 

2. Sources o/AVru/\ — Asbestos dried at KkT 1 10 ' to a constant weight may 
lose between 0*001 and 0*002 grm. of moisture on ignition. It is therefore 
necessary to dry or ignite the packed crucible for the same length of time and 
at the same temperature as that intended for the pre(t])itate.^ ft is iin})ortant, 
also, to remember that calcined as})estos may adsorb a])preciable amounts of 
alkali not removed by washing. Most of the asbestos of commerce is also 
slightly attacked by water and feebly acid solutions.'* 

If the precipitate is to be ignited, the Gooch must be ])laced within a larger 
crucible or in a Gooch saucer and heated, at first gently, and then at the 
desired temperature. 

The same crucible can be used for a number of determinations of the same 
substance. When the collection of precipitates in the crucible becomes too 
large, the upper part can be removed or the crucible recdiarged. 

The Gooch crucible has deservedly won a ])ermanent place in general 
analytical practice. It is exceptionally valuable when j)recipitates are to be 
redissolvcd from the felt after washing (e,g. sodium titanate in hydrochloric 
acid); when a mixed })recipitate is to be separated ijito parts by appropriate 
solvents (e.g. washing antimony sulphide free from sulphur by carbon disul- 
phide); separation of sulphides, soluble and insoluble in alkali sulphides, and 
generally when the desired solvent attacks filter-paper and not asbestos. 

A filter tube is usually preferable to the Gooch crucible when it is necessary 
to heat the precipitate in a current of gas.*^ 

^ P. Casamajor, Chem. Np.ips, 47 , 17, 1883; T. Paul, Zeit. mini. (Jhrm., 31 , 543, 1002; 
W. P. Barba, Journ. Anal. App. Che?n., 5 , 590, 1891; 6 , 35, 1892; Chem. News^ 65 , 101, 
1892; P. A. Kober, Amer. Chem. Journ., 41 , 430, 1909; S. Matsuoka, Journ. Chem. 80 c. 
Japan, 52 , 560, 1931; E. Cattelain, Bull. Soc. cMm., (4), 47 , 1404, 1930. 

* Or scrape the fibrous asbestos down with a knife. 

® Or find the amount of moisture retained by the dry Gooch crucible and make the 
necessary allowance when the precipitate is weighed. G. Auchy, Journ. Amer. Chem. Soc., 
22 , 46, 1900; H. Theile, Zeii. offent. Chem., 7 , 388, 1901; K. VVindisch, Ch-em. Centr., 75 , 
ii, 1621, 1905; M. Austin, Amer. J. Scie.nr,e, (4), 14 , 156, 1902. 

^ O. R. Sweeney and G. N. Quam (Journ. Amer, Chem. Soc., 46 , 958, 1924) descrilw 
permanent filter mats of powdered porcelain. 

^ E. Murmann (3Ionatfi., 19 , 403, 1898) has described a modified Gooch crucible in 
which the precipitate can bo dried and heated in a current of gas — e.g. lead sulphate, barium 
sulphate, zinc, manganese, copper and antimony sulphides. They are rather expensive 
and fragile. 
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A more recent modification of the Gooch crucible is a glass crucible into 
which is fused a sintertHl filter disc of finely powdered and sieved glass of 
various degrees of fineness.^ It is claimed that such (crucibles filter more 
rajudly, dry more readily, and show less variation in weight, when left exposed 
to the air, than do the standard Gooch crucibles. They are cleaned for re>use 
similarly to M unroe’s (‘rucible — sec below^. Naturally, this type of crucible 
cannot be heated to redness, nor will it stand the action of strong alkalies. 

§ 51. Gooch Crucibles Packed with Platinum Felt — 
Munroe's Crucible. 

('. E. Munroe ^ proposed platinum sponge in j)lacc of the asbestos in Gooch 
crucibles, and crucibh‘s so ])acked have many applications not ])OS8ible with 
tln^ asbestos-packed cruci!)les. 

1 . Preparation of the Platinum Felt, A concentrated solution of chloro- 
platinic acid is treated with ammonium chloride in slight excess. The resulting 
preci])itate of ammonium ]ilatinichloride is washed several times with water 
and finally with alcohol. The excess of alcohol is })oured off as soon as the 
ammonium platinichloride has settled. 

2. PaeJxing the Crucible, — A perforated platinum crucible, with small and 
numerous holes, is placed upon several layers of filter-paper, and pressed 
firmly oji the paper wliile the alcohol-moist mass of ammonium platinichloride 
is poured in until it is filled, say, to a height of 0*25 or 0*5 cm.^ The alcohol will 
be ra])idly absorbed by the filter-paper upon which the crucible is being pressed, 
and at the end of a few moments the surface of the salt in the crucible will 
suddenly appear “dry, ’ sliowing that the excess of alcohol has been absorbed 
by th(‘ filter-pajx'r. The crucible is then removed from the filter-pa]>er, and 
a uniform lay(*r of ammonium j)latinichloride should cover the bottom of the 
crucible. The cTiicible is warmed in a steam oven until the alcohol has all 
volatilised. The cover is placed on the crucible and the latter gradually 
warmed until the ammonium platinichloride has all decomposed. The 
temperature may then ])e raised to dull redness. The cruci}>le is allowed to cool. 

The bottom of the crucible should be covered with a continuous and uni- 
form layer of platinum sponge, but generally the sponge will be found to have 
withdrawn, more or less, from the sides of the crucible, and to be interrupted 
by several cracks. Press the mass gently with the finger, or with a glass rod 
with a flattened end, so that the cracks are pressed together and a continuous 

^ G. F. Hiittig, Zeif. ungew. Ch('vu„ 37 , 48, 1924; P. H. Prausiiitz, Analyst, 50 , 440, 1925; 
Chem, Ztg., 53 , 935, 955, 1929; Arch. Phurm., 268 , 170, 1930; Hrit. Pat., Nos. 182, 218, 226, 
286, 1924; J. Proscher and R. Claus, Zeit. L-rUers. Nahr. Gmvssm,, 50 , 420, 1925; R. H. 
Simon, Jottrn. Assoc. Official Agr. Chem., 12 , 209, 1929; E. Cattelain, Ann. Falsi/., 23 , 301, 
1930; W. F. Bruce and H. E. Bent, Journ. Amcr. Chem. SiK., 53 , 990, 1931. 

* C. E. Munroe, Journ. Anal. App. Chem., 2 , 241, 1888; Chem. News, 58 , 101 , 1888; 
H. Neubaucr, Zeit. anal. Chem., 39 , 501, 1900; W. C. Heraeus, Zeit. angew. Chem., 13 , 745, 
1900; P. Bernhardt, Chem. Ztg., 32 , 1227, 11 K) 8 ; O. Brunek, ih., 33 , 649, 1909; W. O. Snelling, 
Chem. News, 99 , 229, 1909; Journ. Amcr. Chem. Hoc., 31 , 456, iOOO; O. D. Swett, ib., 31 , 
928, 1909; T. Richards and A. Staehler, ib., 29 , 623, 1907; F. Zerban and W. P. Naquin, 
ib., 30 , 1456, 1908; F. A. Gooch and F. B. Bayer, Amer. J. Science, (4), 25 , 249, 1908; M. M. 
Brewer, George Washington Univ. Bull., 5 , 79, 1906; Chem, Eng,, 5 , 261, 1906; H. J. F. de 
Vries, Chem, Weekblad, 6 , 816, 1909. The main objection to Munroe’s crucible is its cost 
— the platinum felt is packed in a platinum crucible; but O. Brunek {Chem. Ztg., 33 , 649, 
1909) has made a similar crucible with Royal Berlin porcelain, and “burned” the felt into 
the glaze so that it cannot Iw detached without the application of force, or overfiring. Bninck’s 
crucible will bear a red heat if the temperature be raised gradually. 

• Snelling recommends placing a circular piece of fine platinum wire gauze of suitable size 
in the bottom of the crucible before pouring in the ammonium platinichloride. The felt is 
then tougher and less easily injured, and also less liable to crack and curl. 
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layer of the platinum sponge is spread over the bottom of the crucible. If, 
however, the layer is not quite continuous, use more ammonium ])latinichloride 
to fill uj) the cracks and to patch the layer of platinum 8})onge. The cracks 
may be so bad that it is advisable to remove the platinum sponge by means of 
a spatula, and start again. When the crucible is covered with a uniform layer 
of platinum sponge, it is ready for use.^ 

Munroe reconunends rubbing the platinum sponge with a glass rod at this 
stage in order to smooth out the mat and remove cracks. This compresses the 
mat and burnishes its surface. By gently rubbing all parts of the mat until 
the surface becomes considerably burnished, the smooth, polished surface so 
obtained has many advantages, even thougli the porosity of the felt is greatly 
reduced. 

The felt prepared by the abov'c directions, due to Snell ing, is said to be 
100 times more |:)orous than one of asbestos. Jt also retains the finest pre- 
cipitates without the difficulties of turbid filtrates or (‘logging of the felt 
presented by asbestos felt in filtering barium sulphate and calcium oxalate. 
There is also no danger of contaminating the filtrate with silica, alumina, iron 
oxide, magnesia and lime, as is the case with asbestos felt. The crucible is 
used for filtering and washing, like the regular Gooch crucible. 

One special advantage of M unroe’s crucible is that the precij)itate can be 
removed by means of appro})riate solvents and the crucible dried and weighed 
ready for the next determination. 

In illustration, the following results may be quoted from Miinroe’s paper: 


Platinum crucible alone .... 

Grms. 

. 30-6744 

Crucible and felt, first ignition 

31-0607 

Crucible and felt, second ignition 

. 31-0607 

Crucible and felt, third ignition 

. 31-0607 

Crucible, felt and calcium oxalate . 

. 31-5385 

The same after treatment with H(1, etc. . 

31-0609 

Second treatment with hydrochloric acid . 

. 31-0608 

Crucible, felt and barium sulphate . 

31-4403 

After treatment wfith cone. H28O4 . 

31-0640 

Second treatment with cone. H2SO4 

31-0609 


The crucible can be used over and over again for hundreds of analyses, 
unless careless handling makes the introduction of a new felt necessary. After 
weighing, the crucible is inverted to remove part of the precipitate, and the 
remainder is removed by placing the crucible on a pipeclay triangle over a 
porcelain dish so that the bottom of the crucible is immersed in the given 
solvent. By gradually heating the solvent, not to boiling, the precipitate will 
soon dissolve. Care must be taken with carbonates, or effervescence may 
cause particles of the felt to be dislodged. ^ 

A list of solvents for various precipitates, taken from Swett’s paper, is 
given in Table LXVIII., page 773. 

^ Snelling recommends the addition of two or three drops of chloroplatinic acid to the 
platinum felt in the crucible. The porosity of the felt will cause the solution to distribute 
itself throughout the whole mass. On ignition, the chloroplatinic acid will be decomposed 
with the separation of platinum. The platinum which is so formed appears to cement the 
particles of platinum sponge together and to the walls of the crucible, so that the felted mass 
is toughened. 

* Precipitates sometimes cling tenaciously to the surface of the platinum felt, and if they 
are removed mechanically, will often take particles of felt with them. In oases where it may 
be necessary to remove precipitates mechanically, a perforated disc of platinum of suitable 
size may be placed on top of the platinum felt, as recommended by Richards and Staehler (l.c.). 



CHAPTER VI. 


HEATING AND DRYING. 

§ 52. Heating. 

Bunsen Burner. - Prior to 1852, spirit lamps wore in common use, but about 
this time R. W. Runsen invented his famous burner.^ The early instrument 
was faulty, but it was soon im])roved and appeared virtually in its present 
form in 1854. This burner, %. 97, is the best type for j^eneral purposes. It is 
too well known to need any description. ^ There are a number of modifications, 
amon^ which Teclu’s burner ^ (fig. 104) is a useful type. It can give a rather 
higher temperature than the original form of Bunsen’s burner. The gas and 
air can be regulated so as to give anything between a luminous smoky flame 
and a “blowpi[)(‘” flame. The latter will decompose calcium carbonate. 
Porcelain Bunsen burners (fig. 118) are convenient for use in hoods where metal 
burners would be corroded i)y the fumes. 

Accessories for Bunsen Burners.— K large variety of accessories is listed 
in dealers’ catalogues, each of which adapts the normal burner for some 
special purpose. For general laboratory work probably the two most useful 
accessories are the support carrying the frustum of a copper cone to protect 
the flame from draughts (figs. 98 and 139) and the mushroom head (fig. 120). 
The latter is {)articularly useful for charring filter-papers and for low-tem- 
perature ignition; it has not received the recognition it deserves. 

Argand Burner. This type of burner is provided with a steatite jet and 
a metal or mica chimney (fig. 74). It serves much the same purpose as a 
Bunsen burner with a mushroom head and is specially useful where uniformity 
of temperature is needed. The so-called “micro-burners” are useful sources 
of heat when a bath is to be heated to a low temperature for a long time, and 
when a comparatively low uniform temperature is desired. See fig. 152, 
page 722. 

Meker Burners, — G. Meker’s burners ^ are probably the best high-tem- 
perature burners on the market. They can be obtained with or without a blast 
attachment (figs. 59 and 60). The blast M4ker burner is quite satisfactory for 


^ It appears to he mentioned first in a paper by R. W. Bunsen and H. E. Roscoe, Pogg. 
Ann.f 100 , 84, 1857; P. Desaga, Dhiglcrs Journey 113 , 340, 1857; A. Kistner, Chem. App.y 2 , 
185, 1915. For the efficiency of Bunsen burners, see H. O’Connor, Chem. Trade Journ.y 
51 , 461, 1912. 

* The burners are usually attached to the supply nozzle by means of rubber tubing. A 
drop of glycerol between the rubber and the metal will prevent the rubber sticking fast — 
A. H. Church, Chem, News, 35 , 1 , 1877. 

* N. Teclu, Zeit, ami, Chem., 31 , 429, 1892; 33 , 450, 1894; Journ. prakt. Chem., (2), 45 , 
281, 1892; (2), 47 , 535, 1893. For a hot air Teclu burner, see P. Verbeck, Chem, Ztg,, 39 , 
948, 1915. 

^ O. M4ker, Zeit. Bdeuchtungmesen., ii, 196, 1905; BuU, 80 c. chim., (3), 33 , 210, 1906; 
Chem. News, 99 , 88 , 1909; C. G. Fischer, Met. Chem. Eng., 9 , 222, 1911. 
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silica and other ignitions requiring a Idast.^ Meker burners are also adapted 
for heating muffles, and for crucible furnaces. There are many advantages in 
making ignitions in muffles when a large number has to be made. 

Hot-Plates, — Sand baths are (tonvenient for heating round-bottomed 
vessels, but they are dirty at best, and they should be banished from analytical 
laboratories. Silica plates or plates of asbestos millboard arc frequently 
used, but the asbestos soon deteriorates where the flame strikes. Silica 
plates are more economical, since they last a long time.- IMates of cast iron, 
or boiler plate, ^ about 0*5 cm. thick, resting on a tripod or quadripod, and 
heated by a ring or a Fletcher’s burner, are |)refera}>le to the sand bath.^ 

Radiator, - When a liquid is to be evaporat(‘d or a moist solid is to be 
heated in a crucible, to avoid spaftering it is generally safer to heat the 
crucible in a so-called "radiator,” raf her than on a hot-plate. The “radiator” 
corresponds with the “nickel beaker” of Jannasch.*' The most convenient 
form of radiator is a nickel crucible with a triangle plac(‘d inside, so arranged 
that the crucible to be heated is approximately equidistant from the sides and 
bottom of the nickel crucible. The nickel crucible and contents are heated 
over a small flame, when the liquid in the inner crucdble is soon evaporated. 
The lid can then be placed on the nickel crucible and the contents of the inner 
crucible baked at a higher te)nperature. KSeveral modifications naturally 
suggest themselves. 

Electric Heating . — If electri(^ current is available, a great deal of the 
heating may be done more cheaply and cleanly than with gas. Electricity is 
the ideal heating agent for a laboratory. Hot-plates, air and water baths, 
hot-jacketed funnels and muffles can all be conveniently heated by electricity. 

Triangles and Jo Plain pipeclay, porcelain or silica triangles with 
iron, or better, nickel or nichrome ® wire are used for general work. Silica 
triangles are best for high-tenij)erature work; they are far more durable than 
porcelain or pipecday, and better resist sudden changes of temj)erature. Plain 
platinum triangles can be used for ])latinum crucibles. They must be made 
of stout platinum wire and this is costly. If a platinum crucible be blasted 
on a platinum triangle, the triangle may stick to the crucible. The two can 
only be separated by tearing a piece out of the crucible. Hence, it is better 
to use fused sili(^a triangles for platinum crucibles which are to be blasted. 

Hot platinum crucibles must not be lifted with iron, nickel or brass tongs 
in such a way that these metals come in contact with the hot platinum. Brass 
or guiiinetal tongs with a pair of platinum shoes over the tips are generally 
used. If the tongs be placed on the bench points downwards after holding 
a hot crucible, the hot points are liable to pick up matter from the bench, 
which is afterwards transferred to the crucible. 

^ The blast gas burner was devised by K. W. Bunsen about 1854, and improved by 
E. H. Baumhauer {Liebig's Ann., 90, 21, 1854; P. Hart, Ckem. Gaz,, 5, 1, 1855). 

* E. Erlenmeyer, Zeit. Ckem, Pharm.^ 8, 639, 1864; C. Weigelt, Re/pertm, Anal, Chem,, 
I, 9, 1881. 

® Cast iron is less inclined to warp than wrought iron. — E. D. Campbell, Journ, Amer, 
Chem. Soc., 29, 283, 1907. 

* Nickel wire gauze, it may be added, does not “rust or perish” to the extent that other 
gauzes do. — H. L. Robinson, Chem. News, 76, 253, 1897. 

® P. Jannasch, Praktischer Leitfaden der Oewichtsanalyse, Leipzig, 37, 1904; W. M. 
Thornton, Journ, Ind. Kng. Chem., 3, 418, 1911; E. P. Treadwell, Kurze^ Lehrbuch der 
analytischen Chemie, Berlin, 24, 1911; W. F. Hillebrand, Bull. U.S. Oeol. Sur., 700, 33, 1919; 
A. C. Vournasos, Zeit. anal. Chem., 53, 175, 1914. 

® R. C. Benner (Eng. Min. Journ., 91, 360, 1911) prefers nichrome wire — that is, an alloy 
of chromium and nickel — since it does not oxidise so readily in the blast burner. Von Heygen- 
dortf (Chem. Ztg., 35, 523, 1911; A. Kette, ib,, 29, 1208, 1905) uses pipeclay beads instead 
of clay tubes. 
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§ 53. Platinum Apparatus. 

Modern platinum ware is apt to he inferior in quality to that on the market 
some years ago, and the cause was the subject of special inquiry by a 
committee of the American Chemical Society.^ The main objections are: 
“(1) undue loss of weight on ignition; (2) undue loss in weight on acid treat* 
ment, especially after strong ignition; (3) unsightly appearance of the surface 
after strong ignition, especially after the initial stages of heating; (4) adhesion 
of crucibles and dishes to triangles sometimes to such an extent as to leave 
an indentation on the vessel at the points of contact with the triangle, even 
when complete cooling has l)een reached before the two are separated; (5) 
alkalinity of the surface of the ware after strong ignition; (6) blistering; and 
(7) development of cracks after continued heating.” It is the general opinion 
that the trouble arises from the working of scrap platinum into chemical ware. 
The main difficulties here mentioned are not characteristic of platinum ware 
from some of the best manufacturers. 

Many new and old platinum crucibles lose weight on long blasting. This 
is generally thought to be due to the distillation of iridium from the platinum 
alloy. If a crucible suffers from this disease, the rate of loss per five minutes^ 
blasting must be determined, and an allowance made. Beilstein ^ states that 
the loss in weight becomes less after repeated ignition. On the other hand. 
Hall * found the loss on the twentieth heating even greater than the first. The 
following numbers represent the loss in weight which a new platinum crucible 
sufTered after successive half-hour ignitions on a blast. The weight of the new 
crucible was 22*5299 grins.: 

()*0()()5; ()*00()4; 0*0(K)3; 0*()002; OOOOl grin. 

After a month’s use, the crucible remained practically constant in weight 
during the same period of blasting.® Another crucible did not show this 
phenomenon, but seemed to lose steadily about 0*0003 grm. per half an hour’s 
blasting. The only inference to be drawn from these discordant observations 
is that the alloys used for making different crucibles are not the same. With 
luck, crucibles can be obtained which undergo practically no loss when heated 
in the blast. Crucibles which suffer a change in the rate of loss with time 
must have the correction determined at frequent intervals. If a crucible 
loses 0*2 mgrm. on ten minutes’ blasting, the necessary correction is obvious. 
It is sometimes convenient to take the weight of the crucible after the ignition. 

Although platinum is not oxidised nor seriously attacked by the single acids 


^ “Preliminary Report of the Committee on the Quality of Platinum Utensils,” Ind, 
Eng. Chem.^Zf 986 . 1911; 6 , 512, 1914; G. K. Burgess and P. D. Sale, ib., 6 , 462, 1914; 
7 , 561, 1916; G. K. Burgess and R. G. Wallenberg, ib.y 8 , 487, 1916. 

* L. L. de Koninck, Zeit. anal. Chem., 18 , 569, 1879. H. Kayser {Wied. Ann., 34 , 607, 
1888) noticed that platinum lost weight when heated in tubes in a current of air, and assumed 
that the platinum gave up fine particles to the air. L. Eisner {Journ. prakt, Chem., ( 1 ), 99 , 
257, 1866) found platinum crucibles lost weight when heated in porcelain ovens. E. Sonstadt, 
Chem. News, 13 , 145, 1866; G. A. Hulett and H. W. Berger, Journ. Amer. Chem. Soc.., 26 , 
1612, 1904; E. Goldstein, Ber., 37 , 4147, 1904; A. P. Joseph and W. N. Rae, Journ. Chem. 
Soc., Ill, 200, 1917; G. K. Burgess and P. D. Sale, Journ. Wash. AcM. Sci., 5 , 378, 1916. 
G. C. Wittstein {Dingler's Journ., 179 , 299, 1866) referred the loss to osmium, but P. Stolba 
{ib., 198 , 177, 1870) pointed out that the loss of weight is greater than the amount of osmium 
in the platinum ore. For the use of “palau” crucibles (gold 4 parts and palladium 1 part), 
see H. S. Washington, Journ. Wash. Acad. Sci., ii, 9, 1921. 

* P. Beilstein, Pharm. Zeit. Russland, 19 , 630, 1880. 

* R. W. Hall, Journ. Amer, Chem, Soc., 22 , 494, 1900. 

’ The lid of this crucible contained about 1*6 per cent, of iridium. 
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used in analytical chemistry, many substances attack and combine with 
platinum at comparatively low temperatures.^ 

The more important precautions to be considered in using platinum vessels 
may be conveniently summarised in the following decalogue: — 

1. Do not heat “unknown” substances in platinum vessels, 

2. Always keep the platinum ware bright and clean. For this purpose use 
fine sea sand, with rounded grains and free from grit, as a polishing powder.^ 
This removes most impurities and polishes without serious loss. Apply the 
sand with the finger. Gmelin’s recommendation to fuse a little potassium 
bisulphate in the crucible is a good method for cleaning the inside of badly 
tarnished crucibles.® The bisulphate is poured out of the crucibles while 
fluid, and the crucibles then cleaned with water and sand. 

3. Never heat the platinum crucible or dish in contact with iron or metals 
other than platinum; nor let hot platinum be placed in contact with foreign 
metals. Use only pipeclay, silica or platinum triangles and platinum-shod 
tongs.^ 

4. Do not fuse metals in a platinum crucible, nor heat in the crucible salts 
of the easily reducible metals, particularly salts of lead,® silver, arsenic, 
antimony, copper, bismuth and tin. See page 264. 

5. Do not heat phosphides nor the sulphides of the metals in platinum 
crucibles. Sulphur alone has no action.® Phosphorus attacks platinum. 
Phosphates, under reducing conditions, may form phosphides and phosphorus, 
which attack the metal. 

6. Alkali carbonates do not attack platinum very much, but the attack 
by caustic alkalies and alkaline earths is serious — particularly lithium and 
barium oxides. Hence, alkali nitrates, nitrites, hydroxides and cyanides 
should not be heated in contact with platinum, if it can be avoided. 

7. Do not use aqua regia or free chlorine in contact with platinum. Watch 


1 For the corrosion of platinum by ammonium and potassium bromoplatinates, see 
G. Meker, Compt. rend., 125 , 1029, 1897; Chem. News., 77 , 19, 1898; by potassium bisulphate, 
see page 168; by borax and boric acid and by ferric cliloride ( 4 FeCl 3 + rt = PtCl 4 + 4 FeCl 2 ), 
see A. Bechamp and C. Saint Pierre, Compt. rend., 52 , 757, 1861; Chem. News, 4 , 284, 1861; 
by ignition of ammonium chloroplatinate, see F. P. Treadwell, Kurzes Lehrhuch der analytischen 
Chemie, Leipzig, 2 , 225, 1910; by solutions of titanic hydroxide in the presence of nitric or 
sulphuric acid, see H. Rose, Traite Complet de Chimie Analytique, Paris, i, 1028, 1859; W. B. 
Giles, Chem. News, 99 , 4, 1909; by sulphuric acid, A. Schourer-Kestner, Compt. rend, 91 , 69, 
1880; 86 , 1082, 1878; Bull. 80 c. chim., (2), 24 , 501, 1875; (2), 30 , 28, 1878; M. Defepine, 
Compt. rend., 141 , 886 , 1013, 1905; Chem. News, 93 , 108, 120, 1906; L. Quennessen, ib., 93 , 
271, 1906; Compt. rend., 142 , 1341, 1906; J. T. Conroy, Joum. 80 c. Chem. Ind., 22 , 465, 
1903 ; L. R. W. M‘Cay, Inter. Cong. App. Chem., 8, 351, 1912; G. K. Burgess and P. D. Sale, 
Bull. Bur. 8 tnndards, 12, 289, 1916; by sodium carbonate, see page 144; by selenium com- 
pounds, page 483; and by nitric acid, G. P. Baxter and F. L. Groves, Joum. Amer. Chem. 
80 c., 36 , 1089, 1914. 

* F. Stolba {Dingier' s Journ., 198 , 178, 1870) says good sand for the purpose may be 
obtained by shaking dried sponges. 

* If outside, put the bisulphate in a dish of suitable size, and allow the flux to envelop 
completely the vessel to be cleaned. F. Winkle (Chem. Ztg., 23 , 803, 1899) recommends borax 
instead of potassium bisulphate for crucibles stained by the ignition of plant ashes. F. Stolba 
(Dingier' s Journ., 221 , 135, 1877) cleans dirty crucibles by melting equal parts of boron 
fluoride and boric acid in the crucible. C. D. Manzoff (Ann. Chim. anal., x 8 , 316, 1913) 
cleans ofl spots by fusing a mixture of sodium carbonate and borax ( 2 : 1 ) and afterwards 
washing off with water. 

* Sodium amalgam is useful for cleaning platinum stained with foreign metals (Chem. 
News, 2 , 286, 1860). The amalgam is gently rubbed on the platinum with a cloth, and then 
moistened with water. This oxidises the so^um, and leaves the mercury free to amalgamate 
with the foreign metals. The mercury is wiped off, and the crucible cleaned with sand. 

* Unfortunately, we sometimes have to take risks; but never if it can be avoided. 

* W. C. Heraeus and W. Qeibel, Ztii, angew. Chem., 20, 1892, 1907. 
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for reactions in which chlorine might be liberated, e.</. hydrochloric acid and 
oxidising agents. A moment of thoughtlessness may render it necessary to 
purchase a new crucible. 

8. Direct contact of platinum with burning charcoal, coal or coke must be 
avoided. The platinum becomes brittle and liable to fracture if this precaution 
be neglected. 

9. Never let a smoky flame come in contact with platinum, since a grey 
film 2 is formed on the platinum in mild cases, and the platinum is quite 
disintegrated in bad cases. For a similar reason, do not let the inner cone of 
a Bunsen flame come in contact with the metal.® 

10. Platinum is easily bent,^ and care must be taken not to bend the 
crucible in handling or gripping with the tongs.® 

§ 54 . Desiccators. 

Various forms of desiccators are on the market and of these the Scheibler 
patterns, either for air drying or drying in vacuo ^ are as convenient as any for 
general use.® 

There is a fault with these desiccators. Moist air is lighter than dry air. 
Hence, it is bad on principle to place the desiccating agent at the bottom of the 
desiccator, beneath the substance to be dried. The action is then dependent 
upon the slow diffusion of the lighter moist air downwards. Heinpel ’ devised 
a desiccator in which the drying agent is placed above the substance to be 
dried. The action is said to be more rapid because of the circulation induced 
by the natural tendency of the light moist air to accumulate in the upper part 
of the desiccator.® This argument clearly does not apply to drying in vacuo, 

^ P. Schtitzeiiberger and A. Colson, Cornpt. rend,, 94 , 26, 1882; A. Colson, ib,y 94 , 1710, 
1882; 82 , 591, 1876; J. Boussingault, Ann, Chim. Pkys., (2), j 6 , 5, 1821; C. L. Berthollet, 
ib,, (i), 67 , 88 , 1808; C. G. Memminger, Amejr. Chem, Journ., 7 , 172, 1886; V. Meyer, Chem, 
News, 73 , 235, 1896; A. B, Griffiths {Chem, News, 51 , 97, 1885) says “platinum fuses at a 
comparatively low temperature when heated in contact with carbon.” 

* Another typo of grey film is formed even when the platinum is only heated in an oxidising 
flame. 0. L. Erdmann {Jonrn. prakt. Chem., ( 1 ), 79 , 117, 1860; Chem. News, 2 , 256, 1860) 
showed that this film is due to a surface molecular change (crystallisation — W. Kosenhain, 
Proc. Boy. Soc., 70 , 252, 1902), and is not attendee! by a gain or loss of weight. The stain 
should always be scoured off as soon as it is formed, otherwise the devitrification is inclined 
to spread. Coal-gas, even at 600'', is injurious to platinum and forms a sooty layer con- 
taining the metal — F. Mylius and C, Hiittncr, Zeit. anorg. Chem., 95 , 257, 1916. 

® S. Kem {Chem. News, 35 , 77, 1877) refers to the attack of platinum by the sulphur and 
carbon compounds in coal-gas. A. Remont, Bidl. Soc. chim., (2), 35 , 486, 1881. H. Petrzilka 
{Zeit. aiigew. Chem., 7 , 255, 1894) recommended a gilded platinum protective capsule to resist 
attack by smoky flames. 

* A. A. Blair {The Chemical Analysis of Iron, Philadelphia, 33, 1908) recommends the 
use of a wooden mould to fit the inside of the crucible for straightening the crucible when it 
is bent. These can be purchased with the crucible and are of great use. 

® For soldering and repairing crucibles, see J. W. Pratt, Chem. News, 51 , 181, 1885; 
H. J. Seaman, ib., 49 , 274, 1884; T. Garside, ih., 38 , 65, 1878. 

® For electrically-heated desiccators, see T. B. Robertson and C. L. A. Schmidt, Journ. Biol. 
Chem., 27 , 429, 1916. 

’ W. Hempel, Bet., 23 , 3566, 1890; Zeit. mgtw, Chem., 4 , 84, 200 , 1891; F. Cpchius, 
Chem. Zig,, 24 , 266, 1900; E. Biltz, Pharm. Centr., 12 , 353, 453, 1890. For the “ether” 
vacuum desiccator, F. G. Benedict and C. R. Manning, Amtr. Chem. Journ., 27 , 340, 1902; 
H. C. Gore, Journ. Amer. Chem. Soc., 28 , 835, 1906; E. Douzard, Amer. Journ. Pharm., 80 , 
588, 1908. 

® There is also the objection that the air in the interior expands when a hot crucible is 
introduced. On cooling, a partial vacuum may be produced, which renders the removal of 
the lid difficult. Hence, some prefer a desiccator with a side tubulure in which is fitted a 
calcium chloride tube which provides for the free circulation of dry air. — A. R. Leeds, Chem. 
Nem, 23 , 177, 1871. 



ICO 


A TREATISE ON CHEMICAL ANALYSIS. 


The main objection to Hempers desiccator is that, when sulphuric acid is 
used as the drying agent, the acid is apt to s])i]J, particularly when the desiccator 
is being opened. 

When the loss on ignition of certain clays is to be determined and the clays, 
after ignition, are cooled in the usual way, it is very difficult to get constant 
results. This is particularly noticeable when the blast is not very powerful. 
The difficulty is eliminated if the ignited clay be cooled in vacuo. The trouble 
arises from the fact that clays, dehydrated at a comparatively low temperature, 



Fju. 34. — Desiccators. 


adsorb the dry gases in an ordinary desiccator in a remarkable manner. As 
much as 1-5 per cent, may be so adsorbed.^ 

Granular calcium chloride and concentrated sulphuric acid are the 
commoneist desiccating agents. Phosphorus jxmtoxide, alkali hydroxides, 
silica gel, magnesium perchlorate, barium oxide and anhydrous calcium 
sulphate ^ are also recommended. The drying agents require attention. The 
sulphuric acid should be frequently renewed, since that which has stood a 
long time in a desiccator is ineffective; ® and, if it has become discoloured, 
owing to contamination with dust, sulphur dioxide may be given off (page 4), 
and this sometimes can be detected by its smell. Pumice soaked in con- 
centrated sulphuric acid is excellent. Phosphorus pentoxide soon becomes 
ineffective owing to the glazing of the surface with metaphosphoric acid, 
and hence this agent is not used except in special circumstances. Fresh 
granulated calcium chloride is most useful for general work. Krai ^ prefers a 
mixture of calcium chloride and quicklime in place of calcium chloride alone.® 
Some forms of desiccators are shown in fig. 34. 

1 C. Friedel, Compt. rend., 122, 1006, 1896; Bull. Soc.. Min., 19, 14, 94, 1896; 22, 5, 84, 
1899; J. W. Mellor and A. I). Holdcroft, Trans. Cer. Soc.., 10, 94, 1911. 

* For magnesium perchlorate, see H. H. Willard and C. F. Smith, Jomn. Amer. Chem. Soc., 
44, 2255, 1922; S. Lenher and G. B. Taylor, Ind. Eng. Chem. Anal. Ed., 2, 58, 1930; for 
barium oxide, see H. S. Booth and L. H. McIntyre, Ind. Eng. Chem. Anal. Ed., 2, 12, 1930; 
for anhydrous calcium sulphate, see W. A. Hammond and J. R. Withrow, Ind. Eng. Chem., 
25, 653, 1112, 1933; for alumina, see F. M. G. Johnson, Journ. Amer. Chem. Soc., 34, 91 1 , 1912. 

® W. F. Hillebrarid, Amer. Chem. Joum., 14, 6, 1892. 

* H. Krai {Pharm. Centr., 37, 105, 1896) also recommends fused potassium bisulphate in 
place of sulphuric acid. The “spent” bisulphate can be regenerated by fusion. 

® For the efficiency of desiccating agents, see R. Fresenius, Zeit. anal, Chem., 4, 177, 1866; 
C. Voit, ih,, 15, 432, 1876; H. C. Dibbits, ih., 15, 121, 1876; P. A. Favre, Ann. Chim, Phys,, 
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§ 55. Laboratory Hoods, Fume Chambers. 

In quantitative analysis, where a great many evaporations arc conducted 
on a water-bath, it is necessary to protect the liquids from dust during the 
evaporation. The arrangement shown in fig. 62, page 148, is convenient for 
single evaporations,^ but where many evaporations have to be made, special 
closets are advisable. In silicate analyses, great volumes of hydrochloric acid, 
steam and ammoniacal vapours are delivered into the atmosphere of the 
laboratory by evaporating liquids, and these vapours condense on the metal- 
work ; this sets up rapid and serious corrosion. Hence, an eflficient fume closet 
is necessary for accurate work, for protecting the health of the worker and for 
the preservation of apparatus in the laboratory. The comfort of the laboratory 
is largely determined by the efficiency of the hood. 

The fume chamber must have an efficient draught independent of atmo- 
8})heric conditions; and it must protect the exposed surface of evaporating 
liquids from dust. 

The need for a vigorous draught is most emphasised in dealing with opera- 
tions in which hydrofiuori(i acid vaj)ours, hydrogen sulphide and other noxious 
vapours are evolved; while the need for protection from dust is most pro- 
nounced when liquids are eva})orating in shallow basins. If a large volume 
of air be passing through the hood, the risk of contamination from dust may 
be greater than when the draught is less. Hence, it may be advisable to install 
two types of hood : one specially designed for vigorous draught and the other 
specially designed to })revent contamination from falling dust. 

In the former type of hood — the fume closet - the chamber should be 
relatively small. A number of small hoods are more efficient than one large 
hood. The carrying capacity of the air for moisture and the draught of the 
hood are largely dependent upon the slight heating which the air receives in 
the chamber. In a large hood the warmed air is chilled and its carrying 
capacity for moisture is reduced, so that the fumes are not carried through 
the outlet provided, but work their way into the laboratory. The upper roof 
of the chamber should not taper too abruptly and, if possible, the exit flue 
should be vertical throughout its entire length, so that the rising air may be 
baffled as little as possible. The sectional area of the exit flue should be about 
one-third the floor area. For structural reasons it is not always convenient 
to provide a vertical flue. When the exit leads into a chimney, the hood 
usually draws well, but if the exit flue in the ground floor of a building be 
led through the outer wall, the hood may be quite useless against the “back 
draught” set up by an unfavourable wind. A fan is then a valuable auxiliary, 
since it makes the action of the hood independent of the weather. Sometimes 
a jet of compressed air blown into the hood just below the base and directed 
into the exit flue, on the principle of a steam ejector, is very efficient, and there 
is then very little trouble with corrosion, as is the case when a fan is used. A 
gas burner placed just below the base of the exit flue will sometimes provide 

(3), 12 , 223, 1844; V. Regiiault, «' 6 ., (3), 15 , 129, 1845; J. D. van der Plaats, i?cc. Trav. chim.^ 
6 , 45, 1889; E. G. Morley, Amer. J. Scieftce, (3), 30 , 140, 1885; (3), 34 , 199, 1887; Journ. 
Chem, Phys.y 3 , 241, 1905; Journ. Amer. Chem. Soc., 26 , 1171, 1904; G. P. Baxter and 
R. D. Warren, ib., 33 , 340, 1911; G. P. Baxter and H. W. Starkweather, r 6 ., 38 , 2038, 1916; 
A. T. McPherson, > 6 ., 39 , 1317, 1917; M. V. Dover and J. W. Harden, t 6 ., 39 , 1609, 1917; 
J. W. Harden and V. Elliott, Ind. Eng. Chem., 7 , 320, 1915; J. H. Bower, U.8. Bur. 
Standards Joum. Research^ 12 , 241, 1934. 

^ C. Winkler, Ber., 21 , 3563, 1888; W. Hempel, ib., 18 , 1434, 1885; C. M. Stewart, Chem. 
News, 52 , 208, 1885; C. R. McCabe, Chem. Eng., 12 , 182, 1910; Spectator, Chem. Ztg., 35 , 
264, 1911. 
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sufficient draught. The hood illustrated in fig. 35 is typical of a good fume 
closet. 

For evaporating chambers a particularly vigorous draught is not needed, 
because the passage of a large volume of air over the surface of an evaporating 

O 


Fio. 35. — Front of Fume Chamber. 

liquid may lead to the deposition of dust from the air on the liquid. If there 
is too little draught, the crystallising salts may ‘‘creep"’ badly and the vapours 
will work back into the laboratory. There is also a risk of contamination from 
dirt falling down the exit flue, particularly on windy days. Hence, the exit flue 
of an evaporating chamber should not lead directly into a chimney.^ Fresenius 
recommends leading the exit flue into a separate Russian chimney. “No fire 
must ever be made under this chimney, but it is most desirable to have this 
chimney placed close to another chimney kept constantly w^arm.” Treadwell 
recommends the arrangement illustrated in fig. 36, where a kind of “dust trap” 
prevents the passage of dust into the evaporating chamber when a “back 
draught” occurs on a wundy day. The hood has a glass roof A and about 
15 cm. below is a second glass plate B, which comes within 3 cm. of the inner 
wall of the hood throughout its whole length. Between the two glass plates 
is a clay pipe C, 15 cm. long and 5 cm. diameter, placed above the inner edge 
of the lower glass plate, and leading into the chimney in which a small gas 
flame D is burning. Dust, sand and dirt from the chimney “falls upon the 
plate B; none gets into the hood.” 




^ R. Fresenius, Quantitative Chemical Analysis^ London, i, 62, 1876; F. P. Treadwell, 
Kurzes Lehrbuch der analytischen Chemie, Leipzig, 2 , 26, 1911; H. S. Sherman, Chem, Eng., 
XI, 21, 1910; C. R. McCabe, ib., I2, 183, 1910; E. Keller, Ind. Eng. Chem., 2 , 246, 1910; 
C. F. Mabery, Joum. Anal. App. Chem., 6, 247, 1892; J. K. Meade, The Design arid Equipment 
of Small Chemical Laboratories, Chicago, 1908; T. H. Russell, The Planning and Fitting-up of 
Chemical and Physical Laboratories, London, 41, 1903; C. R. Hoover in A Beport ... On the 
Construeiion and Equipment of Chemical Laboratories, New York, 69, 1930. For contamina- 
tion by paint from inside of hood, see A. Schaeffer, Zeit. Nahr. Oenuss.t 24 , 403, 1912. 
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§ 56. Pulverising Large Quantities. 

There in no difficulty in reducing friable materials to powder in, say, porce- 
lain mortars, but harder substances present some difficulty. It is almost 
impossible to pulverise hard, tough substances without some contamination 
from the crushing or grinding apparatus. For sampling, and for other experi- 
mental purposes, the breaking of stone, in 
bulk, down to particles, say lO^s lawn, is 
commonly done in a crusher. Braun’s jaw 
crusher^ — fig. 37— is useful for crushing a 
large quantity of material. This machine 
reduces the material between a pair of 
jaws, one of which is stationary and the 
other vibratory. The fineness of the grind- 
ing is regulated by opening or closing the 
jaws by a regulating screw. The jaws 
can be adjusted to crush material from a 
diameter of 2^ in. to that which will pass a 
lO’s lawn. For fine crushing, however, the 
material is best run through, at least, twice 
— once with the jaws comparatively wide 
apart, the second time with the jaws close 
together. The machine is run at about 200 revolutions per minute. It can 
be operated by power or hand. It should be perfectly clean before it is used. 
In Braun’s disc pulveriser the material is pulverised between a pair of iron 
discs. A small machine will reduce 80 to 90 lbs. of material from J-in. rnesh 
to lO’s lawn per hour. It may also be run by power or hand. There is always 
a tendency to contamination from the iron disc of the pulveriser or the steel 
jaws of the crusher. Hence the sample for analysis should be very carefully 
magneted if it has been passed through the jaw or disc crushers. The worn 
parts of either of the above machines are made interchangeable and 
consequently repairs are easy. 

§ 57. Pulverising Small Quantities. 

Large lumpsi may be broken into coarse powder ^ by wrapping a lump in 
several folds of writing paper and striking it sharply with a hammer while it is 

* F. W. Braun, U,S, P<U. No, 497802, 1902; K. Zulkowsky, Zeit. anal, Chem,^ *7, 24, 1888. 

' If there are no objections, many minerals {e,g, felspar, flint), diflScult to pulverise, 
become quite brittle if oaldned and suddenly quenched in cold water. 

103 



Fhj. .‘17. — Braun’s Jaw Crusher. 
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resting on a steel plate placed upon a firm, solid support. The coarse fragments 
so obtained can be still further reduced on a hard steel plate (a, fig. 38), on which 
is placed a steel cylindrical ring 6. A hard steel pestle c fits into the ring. 
The steel pestle and plate are made from the hardest ‘‘diamond” steel — hence 
the term “diamond mortar.” ^ The fragment of rock to be pulverised is placed 
on the steel plate within the ring. The plate is ])laced on a firm support. The 
pestle is depressed by a few sharj) blows with a mallet. Care must be taken not 
to grind or rub the metals against the fragments, otherwise the risk of con- 
tamination is greater. This is the case, for example, with the mortar of the 
type shown in fig. 39, which is made from the very best hardened tool steel, 
and is useful for breaking hard rocks. Most materials can be magneted after 
crushing so as to remove steel particles introduced during crushing. 

The magneting of a ground powder to remove fragments of iron from the 
crusher is conveniently done by means of an elcctro-magnei. A certain 



Fig. 38. — Abitjh’s Mortar and Pestle. Fi(i. 39. — Steel Mortar and Pestle. 

amount of discretion is needed, because, not only is iron derived from the 
crushing apparatus withdrawn, but certain magnetic minerals ■ -magnetite, for 
example — may be removed at the same time. With the more powerful electro- 
magnets, minerals which are sometimes considered to be non-magnetic ^ — 
limonite, hematite, chromite, iron and copper pyrites — may be removed. This 
occurs with the more powerful electro-magnets which have their poles tapering 
to blunt points and with the points close together. Hence, false results w^ould 
be obtained in the analysis of certain materials if the powdered sample were 
first magneted by such instruments. 

When the substance under investigation itself contains magnetic materials, 
e.g, magnetic oxide of iron, magneting is not admissible, even though it is 
practically impossible to crush large or small quantities of hard material in iron 
vessels without contamination of iron. Hence, the iron determination must 
necessarily be high. 

The material should be crushed fine enough to allow it to be ground in an 
agate mortar without the particles fljdng off during grinding. Care must also 
be taken to grind all the sample in this way, otherwise the harder fragments 
may be unconsciously rejected and the softer particles alone retained for 
examination.^ 

^ Also called Abich’s steel mortar, although it was not devised by H. Abich (Pogg. Ann., 
23, 309, 1831). W. I, Iwanoff, Journ. Rms. Phyft. Chem, Soc., 34, 397, 1902. 

* But which are in reality feebly magnetic — M. Faraday, Phil. Trans., X53, 1, 43, 1840; 
C. G. Gunther, Elex:tro-magnetic Ore Separatum, New York, 1909. 

* For errors in the analysis of iron pyrites due to grinding with Wedgwood *ware mortars 
and pestles, see N* Glendinning and A, J. M. Edgar, Chem. News, 27, 13, 1873. 
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§ 58. Grinding in Agate Mortars. 

An agate mortar and pestle are commonly used for fine grinding. The 
mortar and pestle should be selected with care. They should be free from 
cracks and indentations, it is always necessary to be on guard against 
contamination from the grinding apparatus. Cracks and soft seams in an 
agate pestle and mortar are a source of danger. 

The small agate mortars and pestles are usually 
too short to hold with comfort. They should be 
fitted in wooden handles and bases (fig. 40). Be- 
ginners most frequently err in charging the mortar 
with too much material. It is best to grind the 
material in small portions at a time until sufficient 
is obtained for the analysis. 

When large quantities of material have to he 
ground, an agate mortar and pestle driven by 

power can be used. Carling’s instrument is superior to x\rKenna’s.^ These 
machines work autoinatically and with but little attention. The motions of the 
agate pestle and mortar simulate hand-grinding. Tii Carling’s instrument, 
fig. 41, the table holding the mortar is rotated by a worm and worm wheel 



Fkj. 40. — Apate Pestle 
and Mortar. 



Fio. 41. — Carling’s Power-driven Agate Pestle and Mortar. 

in the pedestal. This is driven by a chain band in the base. The pestle is 
worked by an eccentric movement on the rotating mortar. 

As a rule, a power-driven agate mortar and pestle wears more rapidly than 
one used for hand-grinding. The speed must not be great enough to project 
the powder over the sides of the mortar. The driving wheel should run at 

1 K. Zulkowaky, Rcr.. 20, 2664, 1887; 0. T. M Kenna, Miv. Joum., 70, 462, 1900; 
Iron Age, 66, 9, 1900; W. F. Hillebrand, BvU, IKS. Oeo!, Sur., 700, 62, 1919; tl. W. Mellor, 
Trane. Cer. 80 c., 10, 94, 1911. 
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100 to 150 revolutions per minute. The materials in the mortar must be 
protected from contamination by oil from the wheels and gearing. A copper 
cup may be attached to the handle of the pestle, and a rubber sheet wrapped 
round the axle to reduce the risk of contamination from oil on axles and wheels 
above the mortar. The machine can also be advantageously run in a glass case 
to protect the contents of the mortar from dust. 

§ 59. The Dangers of Fine Grinding. 

There are a few risks incidental to the operation of grinding which must be 
noticed. Fine grinding is not to be applied indiscriminately. It must not be 
assumed that the powders ground specially fine for, say, Smith’s process for 
alkalies, for the determination of ferrous iron, for carbonate fusions, have the 
same properties as coarse powders. The more important effects of fine grind- 
ing on the composition of a powder are as follows: — 

1. Contamination from the Grinding Affaratm. — The finer the grinding the 
greater the risk of contamination from the grinding vessels and, in consequence, 
the greater the variation in the amount of silica and other constituents derived 
from the pestle and mortar. 

HempeP has investigated the effect of grinding 10 grins, of glass in mortars 
and pestles made of agate, steel and cast iron until the glass passed through a 
given sieve. The results are given in Table XIV. 


Table XIV, — Influence of Grinding Apparatus on the Composition 

of a Powder. 


Material. 


Mortar. ' 

i 


Pestle. 

Weight. 

1 Loss in weight. | 

! i 

Weight . 

! 

j Loss in weight. 

1 


Agate .... 

371-741 

1 1 

1 0041 i 

44-242 

0-01 1 

Steel (new) . 

295-078 

1 0-029 1 

134-647 

1 0-0021 

Steel (old) . 

295-049 

1 0-005 1 

134-645 

1 0-0004 

Cast iron (new) 

884-917 

i 0-041 1 

144-383 

i 0-(K)09 

Cast iron (old) 

884-825 

1 0-014 , 

L 

144-382 

j 0-(K)00 

i 


This table shows that the loss in weight, and consequently also the con- 
tamination of the materials being ground, is greater with agate mortars and 
pestles. Hempel supposes that steel mortars and pestles are the best for 
grinding purposes; there is then less contamination. The nature of the 
contamination, however, presents a difficulty. Iron is one of the important 
impurities in clays and the analytical numbers for this impurity would be too 
uncertain if iron mortars and pestles were used for the grinding. The effect 
of the impurity derived from the agate has an inappreciable effect on the 
analytical numbers. It is therefore best to avoid, as much as possible, the use 
of the metal mortars and pestles and keep to agate.^ 

^ W. Hempel, Zeit. ange,w. Chem., 14 , 843, 1901 ; G. A. Jamee, Cktm. Eng., 14 , 380, 
1911; V. Lenher, Ind, Eng, Ckem,, 4 , 471, 1912; Chem, News, 106 , 183, 1912. 

* H. Wurtz {Amer, J. Scierwe, {2), 26 , 190, 1858) suggested removing the iron by digesting 
the powder with iodine water. A. Gautier (Compt, rerd,, 131 , 647, 1276, 1900) was misled 
in his estimate of the amount of hydrogen occluded in granite by the contamination of the 
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2. Gain and Loss of Hygroscopic Moisture, — The fact that powders in “a 
very fine state of subdivision greedily absorb moisture from the air during the 
operation of weighing’’^ is well known. The speed of absorption is greater 
the finer the grinding. Thus, Day and Allen ^ have shown that coarsely 
ground felspar, containing little or no hygroscopic moisture, takes up pro- 
gressively increasing amounts of moisture as the powder becomes finer, and 
the quantity so taken up may amount to 1 per cent, of the weight of the sample. 
Again, Hillebrand ® found for a noritic rock the results indicated in Table XV. 


Table XV, — Influence of Fineness of a Powder on Hygroscopicity. 


Condition of rock. 


Water. 


60 apertures per eni. . 
After 30 min. grinding 
After 120 min. grinding 


j Below lOtr. 


003 

010 

0*74 


Over 100". 


0-66 

0-66 

1-00 


This all agrees with an old observation of Descharnies,^ who showed that 
rock crystal (quartz) increased in weight on pulverisation to such an extent 
that the original weight might be doubled. Furthermore, Thugutt ^ has shown 
that some minerals take up water during fine grinding, while others — e.g, 
apophyllite - lose water. Hence, he infers that the hygroscopic moisture is 
best determined on a coarsely ground sample. 

3. Gain or Loss of Combined Water, — Bleeker® has noticed that in grinding 
crystallised magnesium sulphate 2*55 per cent, of water was lost during two 
hours’ grinding with a Wedgwood-ware pestle and mortar; disodium hydrogen 
phosphate lost 1*85 per cent.; potash alum, 0-49 per cent. With barium 
chloride there was an increase of 2*11 per cent, in weight. Steiger obtained 
similar results with calcium sulphate. 

4. Oxidation of Ferrous Compounds,- has shown that with 

minerals containing ferrous compounds quite an appreciable amount is oxidised 
to ferric oxide during fine grinding. Thus, 5-13 per cent, of ferrous oxide was 
obtained on a coarsely ground sample, and 3*13 per cent, on the same sample 
finely ground. It is therefore obvious that the powder must be ground as 
coarsely as possible — say 120’s to 150’s lawn — when the ferrous oxide is to be 
determined. The degree of coarseness is determined by the degree of decom- 


rock with iron during grinding. H. W, Hutchin {Jnst. Min, Met. Bvll,, 149, 1917) found that 
a sample of cassiterite uncrushed gave 75*1 per cent, of tin; if crushed in an agate mortar, 
76-1 per cent.; in an iron mortar, 74 0 per cent.; and in different Wedgwood- ware mortars, 
73-36, 73-66 and 72-95 per cent, 

^ R. W. Atkinson, Ghem. News, 49 , 217, 1884. 

* A. L. Day and E. T. Allen, Amer. J. Scietwe, (4), 19 , 93, 1909, 

* W. F. Hillebrand, Journ. Amer. Ghem. 80 c., 30 , 1120, 1908. 

* P. Desoharmes, Becueil IndustrieX, i, 64, 1828. 

* S. J. Thugutt, Gentr. Min., 677, 1909; F. von Kobell, Journ, prakt. Ghem., (1), X07, 150, 
1869. 

« J. B. Bleeker, Ghem, News, loi, 30, 1910; O. E. Gillette, ib., 104 , 313, 1911. 

’ R. Mauzelius, Sveriges Oeol. Und, Arsboh, 3 , 1 , 1907; N. Knight, Ghem. News, 97 , 122, 
1908 (oxidation of sdderite); G. Steiger, Bull. U. 8 . Oeol, Sur,, 413 , 33, 1910; E. T. Allen and 
J. Johnston, Ind. Eng, Ghem,, 2 , 196, 1910 (oxidation of pyrites). 
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position of the powder in 15 or 20 minutes by digestion with boiling hydrofluoric 
acid.^ 

Hillebrand has confirmed these observations, and tried grinding hard 
minerals under water and under alcohol, with the idea of cutting off oxygen 
from the powder during the grinding. Alcohol gave the better results. He 
showed that it was not merely increased surface which gave rise to the oxidation, 
but local heating of the grains in contact with the air at the moment of crushing. 
He therefore recommended the following procedure: — “The coarse powder is 
covered in the mortar with absolute alcohol that leaves no residue whatsoever 
on evaporation. The amount used should not be more than enough to form a 
very liquid emulsion during the operation of grinding. One or two additions 
of alcohol may be needed if the grinding has to be of long duration. The 
grinding should be continued in any case until the mass becomes somewhat 
thick, then the mortar and pestle are left to dry by unaided evaporation of the 
excess of alcohol; a wide glass tube should be supported above the mortar to 
keep out the dust without too much iinpeding air circulation. When supposed 
to be thoroughly dry, the powder is transferred in its entirety to a watch-glass 
and placed on the balance pan, where it is to be kept till it is quite evident that 
no further loss in weight takes place. Jt is then transferred to the sample 
tube.’’ But even then, adds Hillebrand, “if a very fine powder must be 
emf)loyed, there seems no way known at present of correcting for whatever 
oxidation may have taken place during the grinding.’’ 

§ 6o. Sieving, Lawning or Screening. 

Ground materials are sieved or lawned to make sure that no particles above 
a certain maximum size are present. Great care must be taken that there be no 
contamination from the material of which the screens are 
made. Screens made of the same metal as one of the 
constituents to be determined are forbidden. Lawns 
made from brass, phosphor bronze and silk are in common 
use in analytical laboratories. Silk lawns are used when- 
ever metallic contaminations are prohibited. Silk lawns 
are made from the best Italian silk mounted in wooden 
or metal frames, with or without collecting box and lid 
(fig. 42). The following are some commercial sizes of silk 
lawns: — 23, 30, 46, 61, 76, 86, 117, 132, 147 apertures per 
linear inch. The powder should be gently shaken through 
these lawns in order to avoid contamination. The sieving 
of powders with silk lawns for the determination of 
ferrous oxide is condemned by many analysts (page 515), 
Fig. 42. — Lawn with because of the possibility of contamination with silk fibres. 
Lid an^^^Collecting sieving, all the powder must pass through the 

lawn. If only a portion be allowed to pass through, the 
“knottings” {i.e. the residue on the lawn) may have a different composition 
from that which has passed through. The more brittle constituents of a 
mixture — e,g, quartz and felspar — will be pulverised first. Thus, Zaleski* 
showed that the dust produced in pulverising granites is richer in felspar relative 
to quartz and the darker-coloured minerals than the coarser grains of the 

^ If the single treatment does not effect complete decomposition, “ which will often be the 
case” (Hillebrand), the solution, after titration, is allowed to settle, the residue washed once 
by decantation with w^ater, and again treated with hydrofluoric acid, 

* S. Zaleski, Tachermah’a Mitt,, 14 , 350, 1896. 
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powder; and with glassy frits, the parts which pulverise first are richer in 
alkali.^ Hence, the residue on the lawns must be reground until all passes 
through. 

It is generally advisable to state the size of the mesh of the lawn used in 
analytical and experimental work. There is some confusion owing to differences 
in the size of wire and method of weaving. In order that there might be as 
little confusion as possible, the Institute of Mining and Metallurgy have 
arranged a set of sieves with a definite size of aperture, as have also the United 
States Bureau of Standards and the British Standards Specification Committee.^ 


^ T. ,E. Thorpe and C. SimniondH, iVor. Manchester JAt. Phil. iSor., 45 , 1 , 1901; Journ. 
Chem. Sac., 79 , 79 J, 1901. 

® British Stand. Jnst., Spc^cification No. 410, 19.31. 



CHAPTER VIII. 


SAMPLING. 

When conscious choice is permitted to enter into the operation of sampling?, 
a fair sample will not result, except by a miracle. — ^W. Glenn. 

§ 6i. The Problem of Sampling. 

A FEW grams of material are sufficient for a chemical analysis, although tons of 
material may be bought or sold on the result. Large sums of money, too, may 
be involved in the results of experiments made with but a minute fraction of 
the total bulk of the material. In such cases it is of fundamental importance 
to work with samples typical of the whole, since a small error on a gram of 
material would be multiplied a millionfold wffien calculated up to tons. If 
the material be perfectly homogeneous, a ‘"grab” sample, taken at random 
from any part, will be quite rejiresentative. In other cases — for instance, a clay 
bank, or a prospective clay field, or a cargo of bone for moisture, where the 
amount of moisture might vary from 3 to 13 per cent. — analyses and tests made 
on grab samples may be quite misleading. In sampling copper ore of medium 
grade, Dickenson^ found the following differences expressed as a percentage of 
the copper content of the ore: Average difference between grab and mechanical 
sampling, 7-1; maximum difference between the results, 28*6; percentage of 
cases in which the grab sample was high, 55*0; percentage of results over 10 
per cent, wrong, 30-0, Hence he concludes that the results obtained by grab 
sampling are '‘not only useless, but dangerously misleading.” 

Sampling is the art of extracting from a large bulk of material a squall portion 
which shall fairly represent the character of the whole bulk. It would be difficult 
to over-emphasise the importance of accurate sampling.^ Indeed, the errors 
incidental to the process of chemical analysis are sometimes insignificant when 
compared with the errors involved in bad sampling. It is surprising, to one 
who realises the importance of this subject, to contrast the care taken in 
conducting a chemical analysis with the carelessness which prevails in sampling. 
The analysis of a carelessly selected sanaple is worth nothing. Many complaints 
of the failure of chemical analyses can be traced to faulty sampling. 

In sampling commercial materials it is necessary to be on guard against 
unscrupulous vendors or manufacturers. They sometimes exercise a diabolical 
ingenuity in getting a good sample into the analyst’s hands when perhaps the 
bulk of the material is indifferent or bad. Accurate sampling is difficult enough 
when we have to deal with the natural vagaries of raw materials, but the matter 

^ E. H. IXckenson, School Mines Quart., 35 , 1, 1914. 

* See W. L. Baillie, Chem. Trade Joum., 56 , 333, 1920; J. C. Munch and G. L. Bidwell, 
Journ. Assoc. Off. Agric, Chem., ix, 220, 19&; L. Fresenius, Metall Erz., 25 , 395, 1928; 
A. E. B. Weeterman, Chem. Met. Eng., 36 , 292, 1929; Joum. Amer. Cer. 80 c., 11 , 264, 1928; 
F. P. Knight, junr., ib., 15 , 444, 1932; A. Baader, Mesatech., ii, 48, 1935; British Eng. 
Stand. Assoc., Beport 403, 1930; British Stand. Inst., Specifications 496, 502, 1933, 
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is still more difficult when we are confronted with ingenious artifices meant to 
deceive. Faked samples soon accumulate in a laboratory, as inventors are 
fertile in resource and the field is always verdant. 

The chance or probability of a sample answering expectations might be 
compared with the chance of drawing the ace of diamonds from a new pack of 
cards; of throwing a six with a dice, or of tossing ‘‘ heads'^ with a penny. The 
probability of these events is very different, and the probability of obtaining 
a representative analysis for material in bulk from a grab sample depends 
upon the nature of the material. The less homogeneous the material the less 
likely is the grab sample to represent the character of the material in bulk (see 
size ratio, page 118). Samples selected by a vendor for advertising purposes are 
here excluded from consideration, because the chance of getting a “first-class 
result” can sometimes be compared with the probability of throwing a six with 
a dice loaded for that number. 

§ 62. Selecting the Sample. 

If the material be in slip — for instance, in checking the composition of a glaze 
in the dip tub — the material must obviously be thoroughly agitated before the 
sample is taken, or difficulties will arise owing to settling. A device like that 
indicated in fig. 43 is useful for withdrawing samples from different parts of a 



tub or an ark of slip. The end of the tube A with the plug B pulled tightly into 
its socket by means of the wire and handle 0 is sunk to the required depth in the 
slip. The plug is then pushed downwards for a few moments. Slip runs into 
the lower end of the tube. The plug is then pulled back into its socket, and 
the tube with the slip inside withdrawn. The slip can be removed in an obvious 
manner. Metzger^ has a much more complicated device by which several 
samples may be taken simultaneously at several different depths. 

The sample of sli]) must be dried and then thoroughly mixed. This arises 
from the fact that clay and glaze slips, on standing, are liable to separate into 
layers of different composition. 

With powdered manufactured or natural products, grab samples can be 
selected from a number of difi’erent parts of the stuff in bulk. A cheese scoop 



Fio. 44. — Metzger’s Sampler. 


is useful for drawing portions from stufl[‘ in bins or sacks. Metzger (loc. ciL) has 
devised a good sampler for this purpose (fig. 44),^ In the diagram (a) it is 

^ P. Metzger, Zeit, anal. Chem., 39 , 791, 1900; O. Steinle, Zeit. a'ngew. Chem.^ 5 , 584, 1892; 
A. Gawalovaki, AUgem. Osterr. Chem, Tech. Ztg., 6 , 197, 1889. 

• R. Kroupa, Berg. HiUt. Ztg., 48 , 301, 1887; J. T. Stoddard, Joum. Anal. App, Chem.^ 4 , 
34, 1890; J. W. Kellogg, Journ. Ind. Eng, Chem.f 14 , 631, 1922. 
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represented ready for insertion. When inserted it is screwed so that an opening 
is made for collecting the material to be sampled (6). Another turn will close 
the apparatus ready for withdrawal (a). 

The number and size of the different grab samples is determined by the 
nature and size of the material under investigation. A ship-load of bone, for 
instance, wants different treatment from a truck-load of clay, a boat-load of 
felspar, or a load of borocalcite. 

Accurate sampling can only be performed when the materials can be 
pulverised. A perfect method of sampling must eliminate the personal factor 
and work with machine-like precision. This is quite easy with powdered 
materials intimately mixed, and the ‘‘time-sampling machines” which grind 
and periodically select a fraction of the whole do this work very well. This 
kind of sampling is seldom jnacticable in dealing with clays and potters’ 
materials.^ In sampling many ores, 5 per cent., that is, one-twentieth of the 
whole, is supposed to be selected in portions of equal weight and at frequent 
intervals. If the material is being delivered in shovels, every twentieth shovel 
is sometimes put on one side; if delivered in barrows, every twentieth barrow; 
if in sacks, every twentieth sack, and so on, according to the nature of the 
material to be sampled. With cargoes of some materials “one-in-fifty” will 
be ample. 

§ 63. Reducing the Bulk of the Sample. 

A large sample must be reduced in bulk before it can be treated in the 
laboratory. The reduction may be done by hand or machine. There are at 
least five hand methods available for reducing the sample to a convenient bulk 
for treatment in the laboratory: (1) fractional selection; (2) quartering; (3) 
channelling; (4) split shovelling; and (5) riffling. In machine sampling the 
material may be (1) divided into two or more unequal streams, and one or 
more streams reserved for the sample (split-stream samplers) ; (2) the whole of 
the stream may be taken off intermittently (time samplers). 

(1) Sampling by Fractional Selection . — The selection of 5 per cent, of the 
total bulk of the material (heap A) to be sampled as indicated above is an 
illustration of this method of sampling. The first sample (heap B) is ground, 
if necessary, into grains on average, say, one-twentieth the size of the first 
sample, and every twentieth shovel or barrow-load collected into another heap, 
C; this is again ground and subdivided until one or two hundredweights are 
obtained in a heap, say D. The operations are summarised as follows: — 

A = 1000 tons of a cargo of material to be sampled ; 

B == 50 tons in first fraction ; 

C = 2*5 tons in second fraction ; 

D= 0*125 ton or 280 lbs. in the third fraction. 

Hence, if w represents the weight of material in the mass to be sampled, the 
nth fraction will have z«j(0*05)”th part of the original bulk. 

(2) Sampling by Coning or Quartering ,"^ — A homogeneous pile of the material 
is built up as a cone about a real or imaginary rod as centre. Every shovelful 

^ For the sampling of ceramic materials, see Report, Journ. Amer. Cer. Soc.,^; Year Book 
J921l22t 36, 1922; H. Knuth, Tonind. Ztg., 53 , 270, 1929; A. E. R. Westerman, Bull. Amer. 
Cer. Soc., 15 , 168, 1932; G. A. Johnson, ib., 15 , 170, 1932; F, F. Grout, Amer. Journ. Sci., 
24 , 394, 1932. 

* W. Glenn, Trans. Amer. Inst. Min. Eng.^ 20, 165, 1890/91; C. M. Roberts, i 6 ., 28 , 413, 
1898; P. Johnson, Eng. Min. Journ., 53 , 111, 132, 1892; E. H. Smith, ib,, 95 , 679, 1913; 
F. White (Min. Eng. World, 38 , 1043, 1913) examines the accuracy of quartering by mixing 
ground ore with coloured beads and concludes that absolute accuracy is not obtainable. 
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of the material is thrown directly on top of the ^^rowing cone, so that it runs 
and spreads more or less evenly down the sides. As a matter of fact, the fine 
material has a tendency to accumulate about the centre of the cone, while the 
coarse material rolls down the sides and an almost imperceptible sorting occurs 
(see fig. 48). The operator, in building up the cone, drops the shovel of material 
on top of the cone by giving the shovel a jerk upwards (just over the apex of 



Fio. 45. — Tlui ('one almost ready for Flatteninj^. 


the cone), and then another jerk downwards and outwards as indicated by the 
arrow a, fig. 45. The material falls downwards on the apex of the cone, 6, fig. 
45. With experienced men, the circumference of the cone, when finished, will 
be nearly circular. The cone is then spread out into a “ pancake” by means of 
shovels working from the centre to the periphery round and round the cone 



Fm. The Cone Partially Flattened. 


(fig. 46). The pancake is then separated into quarters by means of boards or 
steel blades (fig. 47), pointing, say, north and south, and east and west. If 
the N.E. and S.W. quarters are rejected, the N.W. and S.E. quarters are piled 
into another cone, and again quartered. Thus 200 lbs. would be reduced by 
the first cut to 100 lbs. A second cut would reduce this to 50 lbs. And 
generally, starting with a weight w of material, the nth cut gives by quartering 
a weight ti?(0*5)”th of the original weight tv. Thus, starting with 200 lbs., the 
tenth cut will give 200 x (0*5)^ 0*195 lb. 


8 
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Two men can reduce a ton of material down to a few pounds in two or 
three hours. Perfect mixing, accurate subdivision and thorough cleanliness 
are essential to success in all the methods for reduction. 

It will be noticed that owing to the accumulation of the fine material 
towards the centre, if the apex of the cone be deliberately or accidentally 

deflected while being built, it is possible 
and probable that in levelling, the first 
layers, at the bottom of the cone, will 
lie wholly in one quarter, and thus the 
proportion of fine material in that 
quarter will be abnormally high. The 
effect of irnj)erceptibly drawing the 
centre of the cone on the relative pro- 
portion of fine and coarse material will 
be evident from fig. 48 (after Brunton), 
which is a photograph of a cone built up in actual sampling practice, bisected 
by a sheet of glass, and one-half of the cone removed. The diagram shows 
well the structure of a cone with a drawn centre.^ 



FiCJ. 47. — “Pancake ” Culting. 



Fig. 48. — “Drawn” Cone. (After J. D. Brunton.) 


(3) Sampling by Channelling .^ — The material to be sampled is spread out in 
the form of a square about 4 inches thick. Parallel grooves - say 1 foot apart — 
are cut across the cake; and then another set of grooves at right angles to these. 
The process is repeated with the material so cut from the square. The method 
is slow and inaccurate, for coarse pieces may fall into the grooves as they are 
being cut. 

(4) Split-shovel Sampling . — One workman (left, fig. 49) throws the material 
from a broad shovel upon a narrow U-shaped scoop-like shovel held by another 
workman (right, fig. 49) over a car or wheelbarrow (fig. 49). The material 
which remains on the shovel is retained. When a pile of this has accumulated 
it may be further reduced in bulk by repetitions of the process. There are 


^ J. I). Brunton, Trans. Amer. Inst. Min. Eng., 40, 675, 1909. 

* F. A. Lowe, Eng. Min. Joum., 31, 203, 1881; W. Glenn, Trans. Amer. Inst. Min. 
Eng., 20, 115, 1890/91. For a mechanical device for cone^sampling, see C. W. Kneif, Joum, 
Ind. Eng. Chem., 4, 682, 1912. 
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several different types of s])lit shovel.^ Some have a series of such scoops on 
one shovel, with spaces and s(;ooj)s equal in width. 



Fi(j. 49. — Sampling by the I^-shovcl or the Split Shovel. 


(5) Riffle. Sampling.- The riffle consists of a series of ^rids arranged to form 
alternate series of troughs and s])aces. When the material to be sampled is 
spread by means of a sliovel over the riffle, supported over, say, a wheelbarrow, 
})art of the material passes into the barrow, and part remains in the troughs. 



Fia. 50. — Taylor and Bninton’s Split«stream Sampler. 

When the troughs are full, the contents are put on one side for further trial. 
That which passes through the grids is rejected. There are several modifica- 

^ J. D. Brunton, Eiig. Min. Jimm,, 51 , 718, 1891; S. A. Reed, School Min, Quart,, 3 , 
258. 1882. 
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tions. In Jones’ riffle the troughs are inclined, and slope in opposite directions. 
There are no spaces. The material when spread over the troughs (2 in. wide) is 
broken into two streams passing in opposite directions, and each stream is 
collected in a suitable receptacle. The riffle is usually employed for cutting 
down samples for the laboratory when the amount is too small for the larger 
mechanical samplers. 

Taylor and Brunton’s splitter (fig. 50) is a modification in which numerous 
small spouts are arranged across the entire width of a large gutter, so that the 
main stream of the material, poured into the gutter, is divided into a number of 
smaller streams. The odd-numbered streams may be deflected to, say, the 
right, the even-numbered streams to the left. The material which collects 
on one side is rejected; the other — the sample side -“is retained. The method 
of pouring will be obvious from fig. 50. The operations are repeated on the 
material which has passed through the divider as often as desired. 

These samplers reduce the volume 50 per cent, each time the material is 
treated, as is the case in quartering. It is important to mix the material 
collected on the sample side thoroughly before it is passed through again.^ 


§ 64. Machine and Automatic Sampling. 

Split-stream Samplers , — In Clarkson’s divider,^ the material is poured into 
a funnel where it is split into six similar streams (fig. 51). The material 



Fio. 51. — Clarkson’s Split-stream Sampler. 

before it is placed in the funnel is supposed to have been ground to pass at 
least an 8’s lawn. It is fundamentally important in all systems of sampling to 
make sure that the sample” and ‘'reject” are of the same composition. 

There are many other types on the same principle. In some, a series of 
funnels are superposed one above the other, so that a fraction of the stream is 

^ J. D. Brunton, Trans. Amer, Inst. Min. Eng., 40, 567, 1909. 

* T. Clarkson, Journ. Soc. Chem. Ind., 12 , 214, 1894. 
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rejected and another fraction is further fractioned as it passes on to the sub- 
jacent funnel, e,g. F. W. Braun’s “Umpire” sampler, ^ which is excellent. 

Tiym Samplers . — In the time-sampling machine, the whole of a falling 
stream of the material is periodically deflected during a portion of the time. 
This eliminates one fault with split-stream samplers — where the sizes of the 
grains are never evenly distributed across the stream. In some, on a large 
scale, the material is alternately subdivided and crushed from the coarsest down 



Fic. ryj. — Bridgman’s Time Sampler. 


to the finest powder. The machines are represented by Snyder’s time sampler ; ^ 
the Vezin time sampler; ^ and the Brunton time sampler. H. L. Bridgman’s 
time-sampling macliine ^ is a compact little instrument occupying but 14 
square inches. It has a divider D set in motion by clockwork or any other 
power (fig. 52). F is a funnel with a receptacle R for the fraction separated 
from the material l>eing sampled. The portion rejected passes through the 
discharge orifice 0. The material runs from the ho})per in a continuous stream 
to the divider, which cuts the stream eight times during one revolution. Four 
of these cuttings are delivered into the discharge orifice, and four are delivered 
into the receptacle. 

§ 65. Reducing the Grain Size and Bulk of the Material 
during Sampling. 

The process of sam 2 )ling involves two operations: (a) reducing the bulk of 
the material as indicated in the preceding sections; (b) reducing the size of the 
grains of the material. The important factors in accurate sampling are: (1) 
the relation between the amount of material selected as the sample and the 


^ F. W. Braun, O.S. Fat. No. 682528, 1901. 

* F. T. Snyder, Canada Min. Rev., 17 , 43, 1898. 

® H. A. Vezin, Tram. Amer. Inst. Min. Etig., 26 , 1098, 1896. 

* H. L. Bridgman, Tram. Anier. Inst. Min. Eng.y 13 , 639, 1884; 20 , 416, 1890/91; U.S, 
Pat. No. 553508, 1896. For other types of samplers, see J. G. King and D. MacDougall, 
Fuel, 12 , 93, 1933; A. Dawe and N. M. Potter, ib., 12 , 313, 1933; W. L. BaiUie, Chem. Trade 
Jmm., 56 , 335, 1920. 
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original bulk of the material to be sampled — the bulk ratio; (2) the relation 
between the coarseness of the grain and the amount — the size ratio (sampling); 
(3) the relation between the size of the grain and the amount isolated at each 
stage of quartering, etc. — size ratio (quartering). 

(1) The Relation between the Bulk of the Sample and of the Material to he 
Sampled. — The greater the ratio between the weight of the sample and the 
weight of the whole of the material sampled, that is, the greater the ratio. 


Weight of sample 
Weight of material in bulk 


= Bulk ratio 


the greater the probability of the sample representing the true character of the 
material under investigation. This is illustrated by the following table, due to 
Bailey: — 


Table XVI. — Relation between Errors in Sampling and Size of Sample. 


Hulk ratio. 


IVrc'entajic* 
vrror — Kamj)!** 
and l)ulk. 


1 : KM) i 1*4 

2:J(K) i 0 8 

5 : KM) j O f) 


(2) The Relatio7i between the Grain Size and the Weight of the Sample. — The 
smaller the ratio between the weight of the largest pieces and the total weight 
of the sample, that is, the smaller the frac.tion. 

Weight of largest pieces in sample 
“ Total weight ofTam-^ie- ratio 

the more likely is the sample to represent the character of the material in bulk. 
Bailey’s experiments ^ on sampling coal (with 5 per cent, ash) illustrate this 
point very well. He found that if the maximum error is to be less than 1 per 
cent., with a probable error of nearly 0-2 per cent., the relation between the 
total weight of coai taken and the weight of the largest pieces in the coal must 
be near that indicated in the following table: — 


Table XVII. — Relation between Largest Piewes and Total Weight of Sample. 


Weight of largest 

Amount of sample 

pieces in lbs. 

not less than (lbs.). 

6*7 

39,000 

2-5 

12,500 

0-75 

3,800 

0-38 

1,9<K) 

0-24 

1,2(X) 

012 

6(X) 

0 046 

230 

0018 

90 


» E. G. Bailey, Joum. Ind. Eng. Vhem., i, 161, 1909; 2 , 543, 1910; F. C. Weld, ib., 2 , 426, 
1910; F. Fischer, Stahl EUm, 32 , 1408, 1912; W. B. Blyth, Min. Eng. World, 37 , 613, 1912. 
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Under these conditions the sample is less likely to be disturbed by an 
accumulation of abnormally fine dust or coarse material. 

(3) The Grain Size of each Fraction {Quartering). — The relation between the 
grain size and the amount to be isolated at each stage of the quartering is an 
important factor, as will be obvious from the preceding notes on the relation 
between the grain size and the amount to be selected as a sample. Continuing 
the experiments just described, Bailey found that in order to get the deviations 
in the composition of the ash of coal within the limits stated, it was necessary 
to reduce the sample before quartering or fractioning to the grain size indicated 
in the following table: — 

Table XV III . - Relation between Fineness of Saynjde and Bulk of Material. 


Weight of fraction 

Size when (^rushed. 

in lbs. 

Diarn. in inches. 

75(K) 

2 

:18(K) 

1*5 

1200 

1 

460 

0-75 

180 1 

05 

40 j 

0*425 (2's mesh) 

6 

0-20 (4*8 mesh) 

0*1 ( 8 's mesh) 

0*076 (lO’s mesh) 

0-5 

0-25 


According to Bailey, if the laboratory sample be crushed to pass a 2*8 mesh, 
a fraction of not less than 8300 grms. should be collected without further 
grinding; for a 4’s mesh, not less than 1100 grms., etc., as indicated below: — 

Size of mesh . ' . . 2 4 8 10 20’s 

Minimum amount . . 8300 1100 120 55 3 grms. 

Naturally the best value for the bulk and size ratios defined above will 
vary with the nature of the material and the degree of accuracy demanded in 
the sampling. In the absence of data for particular materials, the preceding 
data will serve as a guide in determining these factors.^ 

To summarise, good sampling involves : (1 ) Adequate mixing ; (2) Impartial 
selection; (3) Proper grinding. 

There is always a danger in applying rules blindly. The exercise of common 
sense, guided by these three principles, is necessary to cope with the different 
problems which arise from time to time. All the preceding discussion would 

^ For papers on the theory of sampling see P. Argali, Trans. Amer. Inst. Min. Eng.^ 31 , 
236, 1901 ; D. W. Brunton, ih., 25 , 826, 1896; S. H. Pearce, Chem. Met. Soc. E.A., 2 , 165, 
1898; S. A. Reed, Sck^tol Min. Qttarf., 3 , 253, 1882; 6 , 361, 1885; A. D. Hodges, Eng. Min. 
Joum., 52 , 264, 1891; V. Samter, Chem. Ztg., 32 , 1209, 1224, 1250, 1908; C. Geissler, ib., 
23 , 43, 1068, 1899; E. Jensch, ib., 18 , 70, 1894; L. Rump, ib., 18 , 32, 1894; German Pat. 
No. D.R.P. 100067, 1898; 100616, 1898; O. Bender, ZeU. anjal. Chem., 48 , 32, 1909; Zeit. 
Berg, HuU. Sal., 55 , 1, 1907; F. Janda, Oester. Zeit. Berg. HUM., 52 , 647, 561, 577, 1904; 
J. A. Barral and R. Duval, Dingier' s Joum., 217 , 246, 1876; M. L, Griffin, Joum. Soc. Chem. 
Ind.t 24 , 183, 1906; W. Glenn, ib., 17 , 123, 1898; C. E. Stromeyer, Pract. Eng., 44 , 781, 
1911; L. T. Wright, Chem. Eng., 13 , 30, 1911; A. C. Fieldner, ib., 17 , 50, 1913; M, Webber, 
Min. Scientific Press, X 07 , 846, 1911; ib., 113 , 846, 1917; C. S. Haley, ib., in, 79, 1916; 
Report, Zeit. angeto. Chem., 26 , 513, 1913; Ann. Chim. anal., 19 , 186, 1914; Journ. Chem. 
Techn., 2 , 17, 1914; Report, Drugs, Oils, Paints, 31 , 47, 1916; Report, Amer. Soc. Testing 
MoteriaUi, 644, 654, 1916; M. C. Holmes, Jtrurn. Franklin Inst., 219 , 483, 1936; Jnd. Eng, 
Ch^ Anal. Ed., 7 , 112, 1936. 
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be misleading if the object of the investigation were to determine the com- 
position of a specific mineral. In that case the purpose would probably be 
best served by very carefully isolating as clean and as pure a crystalline 
fragment as possible. All associated impurities, foreign matter and all altered 
fragments should be excluded. Neglect of this precaution would render it 
necessary to admit the existence of innumerable varieties of a particular 
mineral, but even with the best of precautions, ideal conditions cannot be 
attained. An examination of thin slices under a microscope shows how very 
seldom a pure mineral can be obtained free from foreign inclusions, e,g, quartz 
crystals may enclose rutile, pyrites, chlorite; leiicite often some augite; 
staurolite, some cyanite and quartz; analcime, some apophyllite.^ 

§ 66. Sampling Beds of Clay. 

Another type of sampling is sometimes required. To find if it is advisable 
to install plant for working a natural bed of clay, it is necessary to make a 
somewhat close approximation to the amount of clay available, as well as to 
determine the nature of the clay, possible market, cost of transport, fuel and 
labour. Here we are alone concerned with making an estimate of the amount 
of clay and the collection of samples for investigation. 

In sampling an unworked bed of clay near the surface, a hole may be sunk 
through the different strata well into or through the clay under investigation, 
and 28-lb. grab samples taken from the exposed face. It is well to keep for 
reference small samples of the different superincumbent strata. Care must 
be taken in digging and sampling the hole not to mix fragments from one 
stratum with those of another. The distance between the original locus of 
the different samples and the surface should be measured and recorded on 
and in the boxes or bags in which the different samples are preserved. If the 
clay under investigation is any great distance from the surface, this procedure 
would be laborious if the thickness and extent of the clay had to be explored. 
Many of the well-known types of borer bring a core to the surface with much 
less labour than is involved in digging holes, as described above. Tlie type 
of borer to be used is largely determined by the hardness of the different strata 
and the depth of the required boring. Two men can conveniently work one 
of H. Meyer’s borers to a depth of 30-50 feet in a few hours.^ FraenkeTs 
borers can be sunk about 12 feet by one man in a few hours in ordinary surface 
clays. Bore-holes have been driven by power over 7350 feet.^ The cost for 
the deep-seated clays would generally be prohibitive, although bores ranging 
up to 500 feet are common enough. When a series of cores properly measured 
has been obtained, the nature of the clay can be investigated by methods to 
be described later. 

Much naturally depends on the geological character of the bed in question. 
The continuity, thickness and nature of a bed of fireclay in, say, the coal 
measures in a given area can often be predicted with a high degree of proba- 
bility by a geologist provided with particulars of the same stratum in part of 
the prescribed area. Hence a boring within the prescribed area can only 


^ C. Raramelsberg, Zftit. aymrg, Chern.^ i, 335, 1892; S. L. Penfield, Amer. (4), 

10, 19, 1900. 

* A. Fauck, Anleitung zum Gebrauche des hJrdffohrerSy Leipzig, 1877; SuppL, 1899; 
H. Bansen, Das Tiefbolirwesen, Berlin, 1912. 

* With rotary diamond drills — 2003^34 metres at Paruschowitz (Upper Silesia) — B,A, Hep., 
67, 1901 ; with percussion drills — 5570 feet at Sperenberg (about 26 miles south of Berlin) — 
H. W. Bristow, Oed, Mag., 4, 95, 1875; B. J&ger, Zeit, Berg. HvM. Sal., 59, 89, 1911. 
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demonstrate what was almost a certainty.^ A skilled geologist may be able 
to correlate the stratum under investigation with another known stratum 
elsewhere. The nature of certain strata frequently persists throughout wide 
areas; for instance, the peacock marl (N. Staffs.), the Old Mine clay (Stour- 
bridge), Oxford clay and London clay. Other strata, and even the clays just 
mentioned, may vary in an apparently erratic manner in certain localities. 
A prudent man, therefore, will try to estimate what amount and what quality 
of clay is available. 

Sampling and boring is somewhat c.ostly work, but, when properly done, it 
gives a clear idea of the extent and nature of a hidden bed of clay, and it 
prevents awkward mistakes, such as the erection of the kilns and machine 
shed over what might be the V>est part of the clay.^ Exposures and cuttings 
in a given neighbourhood may give enough information as to the amount of 
clay available in a given area without any need for an elaborate system of 
boring. 

When a series of borings has been obtained, they may be recorded as 
follows. For convenience we apply the method to a particular problem. 
A few years ago, a valuable plastic clay 15 feet thick gave signs of tapering off. 



Fig. 53. — Section constructed from Borings. 

A series of borings 20 feet deep was made, and it was proved that the clay 
seam “petered out” between 40 and 50 feet away from the working face. A 
new seam of a somewhat similar plastic clay was “struck” below a seam of a 
sandy clay. In boring systematically to find the extent of the new seam, 
what appeared to be the old seam was taken up not far from where it had 
tapered off. In boring, the “field” was divided into a series of imaginary 
rectangles resembling a chess-board. A boring was made at every corner. 
With the data so obtained diagrams were drawn to scale representing sections 
through the different strata in particular directions. One such section is 
illustrated in fig. 53. This is drawn from the borings Nos. 5, 6, 7, 8, which 
were : — 



No. 5. 

No. 6. 

No. 7. 

No. 8. 


ft. in. 

ft. in. 

ft. in. 

ft. in. 

Overburden . 

2 8 

2 10 

3 0 

2 5 

Plastic clay . 

9 7 

2 11 

0 2 

6 0 

Sandy clay 

7 8 + 

6 0 

4 8 

4 5 

Plastic clay B. 


7 10 + 

5 0 

6 2 

Sand 

i 


6 0 + 

i 1 

3 2 + 

1 

L i 


^ The process of boring may then be compared with interpolation in mathematics. The 
possibility of faults or folding may render an extrapolation futile and stultify a prediction. 

* An instructive example occurs at an abandoned clay pit near Cobridge, Btoke-on-Trent. 
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The distance apart and depth of the borings for each particular “ field 
must be determined by the circumstances of the case and the advice of a 
geological expert may be needed. 


§ 67. The Commercial Value of Clay Deposits. 


In order to evaluate a clay deposit, it is necessary first of all to determine 
the commercial value of the goods to be made from the clay which, after all, 
reduces to the present market value of a cubic foot of the clay. Due con- 
sideration is of course paid to the district, facilities for transport, cost of fuel, 
etc. In some inaccessible districts land covering a first-class clay might have 
no more value than ordinary agricultural land, owing to lack of facilities for 
transport and cost of fuel. In the second place, it is necessary to determine 
how much clay is available. In the third j)lace, an a})})roximate estimate 
must be made of the yearly consumption of the clay, and consequently also 
how many years the seam of clay will last at the estimated rate of consumption. 
We are then in a position to deal with the j)roblem by arithmetic.^ 

Let R represent the estimated value of the (day consumed per annum; 
r, the rate of compound interest for the money were it invested at the current 
rate; and 7i, the estimated number of years the clay is likely to last before the 
seam, or a given portion of the seam, is exhausted. The regular rules for 
compound interest show that the present value, P, of the given field of clay 
can be represented by the expression : 


P = P 


p" - 1 


( 1 ) 


where, for convenience, we have written 


100 + r 

lot) ' 


( 2 ) 


To illustrate by example, suppose that 10, (XX) cubic feet of clay be removed 
each year; that 1,(XK),000 cubic feet of clay are still available.^ The clay is 
worth Jd. per cubic foot. The rate of interest is per cent. What is the 
present value of the field of clay? Here r = 3-5; hen(?e, from (2), p = 1*035. 
The 1,000,000 cubic feet of clay will last 100 years if 10,(X)0 cubic feet be 
removed per annum. Also, P = 10,(X)0x J==^25(X)d. Consequently, from (1), 


P-2500 


( 1 * 03510 ®-!) 


1*035100(1*035-1) 


= £288, 18.3 


It is then possible to decide whether it is better to pay an annual royalty for 
the clay, to pay a proposed rental, or to purchase the field at a stated price. 


^ E. Tschenschmer, Tonind. Ztg., 14, 121, 139, 1890; Brit. Chyworker, 18 , 279, 1910; 
A. J. Huac, Bricky 49 , 499, 1916. 

* The estimation of the cubic contents of a given scam is simple arithmetic — solid mensura- 
tion — when the borings are known. 

» Log log p. Hence 100 log 1035 = 100 x 0 0149333 = 1-49333 -log 3M41, or 

1 035«®=3M41. 
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S 68. Testing the Reagents. 

The purity of the reagents and of the distilled water for analytical laboratories 
should not be taken on trust. ^ The glass containers may contaminate liquid 
reagents with iron, potassium, sodium, silica, calcium and alumina by the 
dissolution of the glass; and zinc may be derived similarly from Jena glass 
vessels. Iron is common in acids transported in carboys. Small flakes of iron 
may scale from the blowpipes used by the glass-blower, and this may not be 
removed or noticed in washing these vessels. Reagents may be contaminated 
from their contact with the vessels —tanks, stills, condensers, crystallising 
dishes, etc., made from lead, silver, copper, iron, aluminium, nickel, zinc, tin, 
porcelain, glass, etc. — used in the process of manufacture. Thus, not only 
may the ordinary constituents of glass be present, but nickel may be found in 
caustic alkalies, copper and aluminium in acetic acid, zinc in barium carbonate,^ 
selenium and iron in hydrochloric acid,^ and lead in organic acids and in hydro- 
fluoric acid. The latter has also been known to contain potassium sulphate and 
ammonium and sodium chlorides. Impurities may also be derived from the raw 
materials used in the process of manufacture.'* In fact, it is almost impossible 
to free some reagents from certain impurities except at a very high cost. For 
example, iron, alumina and silica are found in all but the highest-priced grades 
of caustic alkalies and alkali carbonates; calcium is very difficult to remove 
from ammonium oxalate; sodium from calcium carbonate; nickel from 
cobalt; iron and lead from copper; free acid from ferric salts; and ammonia 
from magnesium chloride.^ All this is mentioned to emphasise the fact that 
constant vigilance is the price of successful work. Many impurities might 
easily escape detection. For instance, selenium in hydrochloric acid; sulphates 
in platinum chloride; lead in ammonia; phosphorus in ammonium chloride 
and nitrate; and calcium in ammonium oxalate.® Hence, in quantitative 

^ The ‘‘analysed" cliemicals supplied by many of the better-class makers are generally 
very good. C. N. Myers, U.S. Public. Health Rep., 31 , 2754, 1916; B. S. Drake, Joum. 
Irtd. Eng. Chem., 9 , 109, 1917; W. D. Collins el al., Journ. Soc. Chem. Ind., 44 , B695, 1925; 
Ivd. Eng. Chem., 17 , 756, 1925; 19 , 645, 1369, 1927; 20 , 979, 1928; ib.. Anal. Ed., i, 171, 
1929; 3 , 221, 1931; 4 , 347, 1932; 5 , 289, 1933. 

* R. Wegseheider, Zeit. anal. Chem., 29 , 20 , 1890. 

* W. B. Hart, Chem. News, 48 , 193, 1883. 

* J. R. Withrow, Joum. Ind. Eng. Chem., 9 , 771, 1917 — sodium nitrate in nitric acid. 

* J. W. Shade, Journ. Amer. Chem. 80 c., 28 , 1422, 1906; J. T. Baker, Journ. Ind. Eng. 
Chem., I, 464, 1909. 

* C. Krauch gives the regulation tests for impiurities in reagents in his Die Priifung der 
chemiachen ReagerUien auf Reinheit, Berlin, 1896 (J. A. Williamson and L. W. Dupre’s transla- 
tion, New York, 1902) ; E. Merck, Priifung der chemiachen Reagenzien auf Reinheit, Darmstadt, 
1912; or ^Analar^ Standards, London, 1934; J. Rosin, Reagent Chemicals and Standards, 
London, 1937. 
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analysis particularly, the reagents are best tested by blank analyses.^ The 
blank analysis does not necessarily give absolute certainty, because the 
reactions without the substance are not necessarily the same as with the 
substance. Jn most cases, however, the blank analysis is an excellent and 
reliable method of testing the purity of reagents, and it frequently gives a 
means of correcting the results of the analysis proper. 

The branding of reagents as “chemically pure ” ^ is not a sufficient guarantee 
that the reagents are really pure enough for a i)articular purpose. Some 
reagents have been advertised as “absolutely C.P. every chemist knows that 
it is practically impossible to make absolutely })ure reagents in any quantity. 
The so-called “analysed reagents” are probably more reliable: it is certainly 
more honest to admit that we cannot get absolutely pure reagents, and that the 
next best thing is to know what and how much impurity is present. It is a 
question if the analysis shown on the label is always an absolute guarantee of 
the quality of the contents. Thus Lehner ^ quotes the label ‘ ‘ Copper metal, sheet. 
Analysis: Fe, 0-001 per cent.; 8n, none; Sb, none; Cu, none.” Qui nimium 
prohat, nihil prohat. The U.S. A. Bureau of Standards writes (Slst March 1914): 
“ We never take at their face value the statements on the labels, and often find 
them absolutely false. Others have had the same experience. This holds for 
foreign as well as domestic make.” 


§ 69. Bottles for Reagents. 

In a laboratory where a number of workers use the same bottles, particular 
care must be exercised. Errors might easily creep into the work from an inter- 
change of stoppers, placing stoppers on the working benches, mistakes in filling 






and weighing out the reagents. The necks and mouths of all the bottles should 
be kept clean. The bottles and the stoppers should be numbered so that no 
confusion is possible. The “mushroom” stopper (fig. 54) is not sufficient to 
protect the mouth and lip of the bottle from dust and when these flat stoppers 
are stuck they are unusually difficult to loosen.^ F. F. Jewitt has designed a 


^ W. A. Dixon, Chem. News, 55 , 228, 1887; ib., 78 , 294, 1898; G. Surr, Min. Eng. Journ., 
41 , 1167, 1914. 

* L. F. Kebler, Journ. Franklin Inst., 153 , 53, 1902. 

* V. Lehner, Journ. Ind. Eng. Chem., 6 , 603, 1914. 

* Loosening Fixed Glass Stoppers and Stopcocks. — Usually the stoppers are not 
ground to fit the bottles well enough to prevent the slow evaporation of volatile liquids like 
ether or chloroform. The better the stopper is ground into the bottle, the more it is liable to 
stick. When a stopper is fixed, it can sometimes be loosened by tapping with the handle 
of a pocket-knife, followed by a twisting wrench with the fingers or a pair of pliers with a cloth 
between the pliers and the glass. Fixing the stopper, padded with a cloth, in the jaws of a 
vice and then twisting the barrel of the bottle is frequently effective. Too wwerful a wrench 
will break the stopper. If the bottle still resists, warm the neck with a doth wet with hot 
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stopper with a pendent flange (fig. 55), with the idea of protecting the mouth 
and lip of the bottle from dust. These stoppers are also very difficult to loosen 
when stuck. Swarts^ has designed a glass stopper (fig. 56) which has the 
advantage of not sticking with solutions of caustic alkali. The cone of the 
stopper fits the neck of the bottle loosely, but the flat part of the stopper on 
the under side, as well as the corresponding neck of the bottle, are polished flat, 
so that a close joint is obtained. 

We prefer to keep the regular reagents in 250- and 500-c.c. resistance or Jena 
glass bottles with stoppers shaped as indicated in fig. 57, and with a rubber or 
loose glass cap placed over the neck. When the bottles are in use, the stoppers 
can either be y)laced on a watch-glass or similar surface, or held between the 
fingers. 

The acid bottles are best kept, if convenient, on sheets of glass or rubber 
which rest on wooden shelves.^ The names on the acid bottles should be sand- 
blasted or enamelled. For other bottles the proper designation should be 
written in Indian ink on a gummed label. When the ink is dry, the label is 
gummed to the bottle and then coated with size. When the size is dry, the 
whole is varnished ^ — one or two coats. Solids and liquids are usually supplied 
in corked or stoppered bottles. Their labels should be sized and varnished, 
as indicated above, before the bottles are shelved. Otherwise a bottle may be 
found with a label missing at an inconvenient time. Unprotected labels have 
a way of dropping off*, and the writing is liable to fade in humid climates. 

When an analysis - qualitative or quantitative — is in progress, the beakers, 
basins, flasks and funnels should be labelled without delay. This will prevent 
confusing filtrates, precipitates and sam])les with one another. A circular or 
oval patch can be sand-blasted on the various pieces of glass apparatus so that 
they can be marked with a lead pencil, or a special pencil for writing directly on 
glass or ])orcelain can be used. Such pencils write best if the surface is clean 
and warm. 


water, or, better, slowly warm the bottle by turning the neck ra])idly in a Bunsen's flame 
at intervals of about a niinute. The tem|K*rature of the neck is thus slowly raised. The 
stopper can be given a tap and wTench immediately after the neck has passed through the 
flame. Too great or too sudden heating will fracture the bottle. An obstinate stopper can 
sometimes be removed by leaving a little oil or glycerine above round the neck of the bottle, 
say overnight. A tap and wrench may' then loosen the stopper. If the stopper be still fast, 
invert the bottle in a vessel of water so that the water reaches to the shoulder of the bottle. 
I^et the bottle be inclined so as to prevent a bubble of air being entrapped in the gutter 
between tin? st,op|M‘T and the bottle. This would prevent the water gradually working its 
way between the stopper and the bottle. The stopper may be tried witli the tap and wTench 
after standing one, two, three, or four days. If it still resists, warm the water. As the water 
is warming, the bottle may be removed every now and again, to find if the stopper will yield 
to the tap and wrench. Time and patience are generally effective. Sometimes the bottle is 
w'anted at once, and the tapping and wTench, or the heating over the Bunsen burner, are 
continued until either the stopper loosens or the bottle breaks. The means taken to prevent 
accidents will naturally depend on the contents of the bottle. The naked flame would not 
be tried with a bottle of ether, nor would such a bottle be heated very much. See also 
H, W. Bailey, Ind, En^, Chern. Altai. Ed., 4, 324, 19t32. 

^ T. Swarts, Ohem. Ztg., 14 , 836, 1890; A. Gawalovski, Rundshau, 1131, 1890; OehFeit- 
Industrie, 9 , 114, 1892. 

* Painting the side of the lip of the bottle — not the top of the bottle — wdth melted paraffin 
prevents solutions trickling down the outside, and incidentally facilitates the delivery of the 
reagent in drops. Chem. News, 65 , 179, 1892. 

* Paper Varnish. — Quick-drying ‘'paper” or “copal” varnish, from dealers in artists’ 
materials, gives good results — the copal varnish for preference. If the size or varnish be 
unsuitable, or if the label has been imperfectly sized, unsightly greasy-looking patches will 
appear on the label. The first coat of varnish must be “ set hard ” before the second is applied. 
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§ 70. The Action of Reagents on Glass and Porcelain. 

In his study of the alleged transforniatioii of water into earth, laivoisier^ 
(1770) showed that water dissolves gluvss vessels. This subject is of great 
importance in analytical chemistry. Errors may arise owing to the action of 
the acid on the glaze of the porcelain basins during the silica evaporation, and 
some glazes are more readily attacked than others. Even the best of dishes 
are much eroded after they have been in use some time. Some of the poorer 
types of porcelain may lose 0*005 grin, in weight after a four-hours’evaporation 
of the hydrochloric acid solution, while the better types will not lose 0*0005 grin, 
by a similar treatment. The former number means that in a clay analysis 
with two evaporations, in that type of porcelain, the silica precipitate may be 
augmented 0*006 grin., the alumina precipitate 0*002 grm., and the lime pre- 
cipitate 0*0003 grm. This matter therefore, requires some attention. The 
difficulty is overcome by evaporating in platinum basins, but the high cost of 
platinum makes it necessary in ordinary circumstances to use porcelain glazed 
with a resistant glaze. 

The action of different solutions on glass is far more vigorous than on 
porcelain, but some types of glass resist better than porcelain with an unsuitable 
glaze. It is therefore bad, on principle, to allow filtrates to lie any length of 
time in porcelain or glass vessels — particularly the latter. In some cases the 
contamination from the glass may be serious. Thus, if glass contains arsenic ^ 
(page 285), an error may arise in toxicological work with serious consequences. 
A great many investigations have been made on the action of water and various 
solutions on glass and porcelain vessels.^ The following may be taken to 
represent the amount in milligrams dissolved by 100 c.c. of the given reagents 
in four hours: — 


Table XIX, — Action of Reagents on Porcelain and Glass. 




HCl 

HgSO^ 

KOH 

Na^COa 


W'ater, 

(20 per 

(24 i).‘r 

(1 per 

(6 per 



cent.). 

cent.). 

cent.). 

cent.). 

Berlin porcelain evap. basin 

0 

006 

0 

5-6 

3*3 

German porcelain evap. basin . 

1-8 

0-4 

0-6 

M 

9-2 

Bohemian ghiss flask 

1*8 

01 i 

0-6 

1-2 

1-75 

Common glass flask . 

1-4 

2 7 

1 

8-0 

1 

5*3 

4-8 


* A. L. Lavoisier, GSuvre^y Paris, 2 , 1, 1864. 

* W. Fresenius, Zeit. aruil. Chem,, 22 , 397, 1883; S. R. ycholes, Journ. Ind. Etig. Ghem., 
4 , 16, 1912. 

* R. Fresenius, Anleitung zur quantitatiren chemischsn Amilyse.y Braunschweig, 2 , 767, 

1905; Eng. translation, London, 2 , 626, 1900; A. Emmerling, Liebig's Ann., 150 , 267, 
1869; K. Weber and E. Sauer, Zeit. angew. 4 , 662, 1891; Ber., 25 , 70, 1814, 1892; 

F. Kohlrausch, ib., 26 , 2998, 1893; F. Foerster, ib., 25 , 2494, 1892; 26 , 2915, 1893; 
F. Mylius and F. Foerster, ib., 22, 1092, 1889; 24 , 1482, 1891; Zeit. anal. Chem., 31 , 141, 
1892; F. Foerster, ib., 33 , 299, 322, 1894; C. Bunge, ib., 52 , 15, 1913; P. Truchot, Compt, 
rend., 78 , 1022, 1874; R. Cowper, Jvurn. Chem. 80c., 41 , 254, 1882; W. A. Hamor, Amer, 
Druggist, 62 , 29, 1914; Journ. Ind. Eng. Chem., 6 , 608, 1914; W. D. Collins and H. B. 
Riffenburg, ib., 15 , 48, 1923; E. Pfeifer, Wied. Ann., 44 , 239, 1835-39; P. Nicolardot, Chim. 
et Ind., 9 , 2.33, 469, 1923; Gompt. rend., 163 , 356, 1916; R. von Walther, Journ, praU, 
Chem., (2), 91 , 332, 1915; C. J. van Nieuwenburg, Chem. Weehb., 14 , 1034, 1917; C. E, 
Klamer, ib., 22 , 140, 1926; H. Dubrisay, Bull. 80c, chim., (4), 27 , 409* 1920; W. E. S. Turner 
and T. E. Wilson, Journ. 80c, Glass Tech., 6, 17, 1922; W. E. S. Turner, ib., 6, 30, 1922; 
W, Meyer, Chem. Ztg., 52 , 151, 1928; L. Springer, Sprechsaal, 62 , 187, 206, 1929; Chem, 
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From Cowper’s work it a])pearfi that Bolutions of ammonium chloride and of 
ammonium sulphide usually attack glass rather more vigorously than sodium 
carbonate. It is important to bear these facts in mind when precipitations are 
made in ammonium sulphide solutions and left for some time, as is often done, 
to ensure the complete precipitation of the sulphides. 

Mylius and Foerster give the following data for the action of water, 
2N-NaOH and solutions at J00° for six hours, and a 2 N-Na 2 C 03 

solution at 100° for three hours. The numbers represent milligrams per 
square decimetre. 


Table XX. — Action of Reagents on the Best Types of Glass Apparatus. 


Type f)f 
GlasK. 

W ater. 

15cakt‘rH 


- 

Water. 

Flasks. 

— 

— 

20 ’. 

80^ 


Na( )H. 


2 (r. ■ 

80^ 

H 2 SO 4 . 

NaOH. 

NajjCO*. 


0(K)r)4 

0-0144 

0 i 

i 

! 41 



1 23 

0-0128 

0-0128 

0 

51 

26 

Jena 

0 0071 

o-(Mm 

0 

53 

19 

0-0063 

00057 

0 

63 

24 

Bolieniian 

0118 1 

0-219 i 

0 

! 

37 1 

i 

49 

()()93 

0-255 

1 

11 

1 

52 

70 


We are thus in a position to form some idea of what is taking place when 
filtrates are allowed to stand any length of time in porcelain or glass vessels. 
To illustrate the [)Ossible C/Onstituents to be found in the product of the reaction 
between the reagents and different types of glass, the following analyses are 
quoted from Walker’s investigation^ on chemical glassware: — 


Table XXL- Composition of Chemical Glassware. 













Trade Name, 

SiOj. 

and 
1 ^ 2 ! > 3 . 

MnO. 

ZnO. 

MgO. 

CaO. 

K,0. 

XajO. 

B, 0 ,. 

ASjOa. 

J. Kavalier’s Bohemian 

76-02 

0-64 

tr. 


0-30 

7-38 

7-70 

7-60 



Resistance “R” 

68-00 

2-32 

0-14 

2-40 

5-04 

4-80 

1-82 

10-17 

5-53 

0-24 

“Wiener Normal 
Gerathe Olas.” 

74-00 

0-66 

O-Ol 

0-24 

0-16 

7-76 

5-51 

9-69 

2-15 


Thuringen. 

“Schott & Gen., Jena” 

74-36 

0-90 

tr. 

. . 

0-16 

9-40 

0-14 

14-83 



66-74 

2-77 

0-65 

8-28 

4-50 

0-28 

0-08 

8-99 

7*18 ' 


“ Nonsol W.T. Co.” 

65-04 

3-78 

0-04 

8-88 1 

1-44 

1-75 

0-08 

12-72 

6-23 


Bohemian 

70-80 

1-(X) 

1-04 

! 

0-08 

7-88 

7-67 

8-59 




The glaze of porcelain basins contains silica, alumina, alkalies and alkaline 
earths. The glaze is of a felspathic type, with or without lime. In work with 
silicates, therefore, it is unfortunate that the impurities introduced from the 


Zentr.y ( 1 ), 3027, 1929; S. Moriyasu, Jmirn. Soc. Chem. Ind. Japan, 34 , 314 B, 358 B, 1931; 
O. G. Burch, Bull. Amer. Cer. JSoc., 13 , 200, 1934; Oltiss, ii, 348, 1934. For a lengthy 
discusaion on this subject, see H. Hovestadt, Jena, Olasa, London, 319, 1902. For toughened 
glass, see R, J. Friswell, Chem. News, 52 , 5, 1885; J. S. Stas, ib., 17 , 1 , 1868; F. Siemens, 
Joum. 80c. Arts, 33 , 386, 1885. 

1 P. H. Walker, Joum. Amer. Chem. 80c., 27 , 865, 1905; P. H. Walker and F. W. Smither, 
Jounti Ind. Eng. Chem., 9 , 1090, 1917. 
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glass and porcelain vessels are those very constituents which have to be 
specially determined. 

A few rules may now be indicated: — (1) If possible, do not allow the 
solutions to stand in glass or ])orcelain vessels for any length of time, particu- 
larly in glass. (2) If the work be interrupted, so that solutions must stand 
over, if there be no other objections, acidify the alkaline solutions before they 
are placed on one side. (3) If solutions must stand over, it is better to use good 
porcelain than glass vessels. (4) A resisting glass should be used for general 
work in place of the more soluble types of glass. (5) For exact work, a blank 
experiment should be made, using nothing but the regulation reagents, in 
similar quantities, and under similar conditions to those actually used in the 
analysis proper. This plan not only corrects for impurities in the reagents, but 
it also enables us practically to eliminate the sources of error now under discus- 
sion. This has been done in the examples given on page 168. (6) Precipita- 

tions made in alkaline solutions which have stood some time in glass vessels 
are almost certain to be contaminated with silica, and in exact work a correc- 
tion must be made —e.g. cobalt and nickel preci})itations, page 418. (7) Re- 

member that solutions of reagents are usually kept in glass vessels. Such 
solutions may accordingly be contaminated with silica, etc. See, for instance, 
the determination of phosphorus by the colorimetric process, page 682.^ 

§ 71. The Equivalent System of Making Solutions. 

There are many advantages in making the concentrations of the solutions 
used in analytical work follow a definite system. Some analysts make the 
solutions, as nearly as possible, on the “1, 2, 5, 10, 20, . . . parts of reagent 
per 100 ])arts of water” system. Wollny^ recommends using multiples or 
subrnultiples of the equivalent weight (page 36) used in volumetric analysis, 
but the solutions need not be made up with such a degree of accuracy as obtains 
in volumetric analysis. Hence, the amount of reagent in a given volume of 
solution is approximately known, and equal volumes of the reagents bear a fixed 
relation one to another. For instance, an “E” solution of barium chloride 
(molecular weight 244) will have 122 grins, per litre; concentrated hydro- 
chloric acid (molecular weight 36*5), of specific gravity 1-16, has 366 grms. per 
litre, and is therefore a “lOE” solution. The same system was suggested by 
Reddrop in 1890. Reddrop (1890) recommended the designation “E,” and 
Wollny (1885) the German equivalent “Aeq.” The difference between an 
“E” solution and an ‘‘N” solution rests on the fact that a “normal” solu- 
tion is supposed to be exact; the “equivalent” solution is approximate, and 
“rounded” atomic weights may be used in the calculations. 

With this system, the amount of reagent needed for a specific purpose can 
be readily calculated and the addition of a great excess avoided. This means a 
saving in time, labour and material; and it indirectly leads to more accurate 
and reliable work. Thus, 1 c.c. of an “E” solution of sulphuric acid or any 
sulphate will very nearly suffice for the quantitative precipitation of the barium 
from 1 c.c. of an “ E ” solution of barium chloride. Again, suppose that 1 grm. 
of clay be fused with 7*5 grms. of sodium carbonate (molecular weight 106), 
and the cooled mass taken up with water and an excess of hydrochloric acid. 


^ Ammonia and many other solutions are best kept in ceresine bottles or bottles lined with 
ceresine (ceresine is a white wax prepared from ozokerite) — O. Schreiner and G. H. Failyer, 
Bull, U,S, Dept, Agrk. {Soils), 31 , 20, 1906. 

* R. Woliny, Ze.it. anal, Chem,, 24 , 402, 1886; R. Blochmann, Ber,, 23 , 31, 1890; 
J, Reddrop, Chem, News, 61 , 245, 256, 1890. 
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Since 7*5 gririH. of sodium carbonate correspond with a little less than one- 
seventh of an equivalent (53), the addition of 14-3 c.c. of 10 E-HCl will suffice 
to neutralise the sodium carbonate. Hence, say, 15 c.c. of the acid will be an 
excess. If th(i a(;id l)(‘ evaporated down to dryness twi(^e, in the regular 
manner, and the residue taken up the second time with 2 c.c. of the lOE-HCl, 
it will be obvious that 2 c.c. of IOE-NH 3 will suffice for the neutralisation of the 
acid, and 3 c.c. will be an excess of ammonia. This example shows how easily 
we can learn just how we stand with the quantities of the reagents present in 
our solutions. Measuring cylinders are useful for delivering definite volumes of 
the ‘^E” solutions. Wollny recommends the use of pipette bottles,^ by means 
of which definite v^oliimes can be quickly measured. 

The strengths of the acids and ammonia are easily obtained by means of the 
hydrometer and the tables in the Appendix. For example, take sulphuric 
acid. From gravity tables and the hydrometer we find that an acid of specific 
gravity 1*84 has 1759 grins, of H 2 SO 4 per litre. Taking 49 as the equivalent 
of H 28 O 4 , it follows that this acid is of 1759=^36E strength. Obviously, 
1 : 1 acid requires 500 c.c. of the concentrated acid per litre. The litre of the 
cold solution thus corresponds wdth 18P] acid. If 5E acid be needed, the 
solution must contain 5 x 49 — 245 grins, of H 2 HO 4 per litre. If 1759 grms. of 
112804 correspond with a litres of the stock acid, 245 grms. of H 28 O 4 wdll 
corres])ond with 139*3 c.c. of the concentrated acid. This must be made up 
to a litre. In further illustration: — 


Table XXll . - Strengths of Stock Acids and Ammonia, 


Sulphuric; acid, «p. ^r, 
1*84 -. 36E. 

Hydrocliloric acid, 
sp. ^^r. 110 lOE. 

Xitric aciil, sfi. gr. 
1-42 = I (iE. 

Ammonium hydro.vidc, 
‘sp. gr. 0-88 ~ 18-5E. 

E. 

C.c. acid per litre. 

E. 

V.v, acid per litre. 

K. 

C.c. a< id JKM* litre. 

E. 

C.c. pt;r litre. 

20 

557-2 







10 

278-6 

10 

KXK) 

in 

625 

io 

540 

5 

139-3 

5 

500 

5 

312 5 

5 

270 

1 

28-0 

1 

100 

• 

02-5 

1 

54 


The concentrations of the reagents used in this w^ork are given in the 
footnotes where the reagents are first mentioned. These can easily be located 
by reference to the index. 


^ H. Wollny, l.c.\ Warmbrunn and Quilitz, Chem, Zig.y 17 , 454, 1893. 
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TYPICAL SILICATE AKALYSES-CLAYS. 




CHAPTER X. 


THE DETERMINATION OF VOLATILE MATTERS. 

§ 72. Hygroscopic Moisture. 

The term ‘‘ hy^ijroscopic moisture'’ generally includes all the volatile con* 
stituents, princi})ally moisture, which are given off when the substance is 
heated to a certain standard temperature, say, 110'',^ The heating is con- 
tinued until the substance ceases to lose weight. The ground sample is 
placed in a stop[)ered weigliing bottle of known weight. The bottle and 
contents are then weighed, and placed in an air bath ^ at the desired temper- 
ature. The stopper is removed, and a small filter-pa])er is fitted over the 
mouth of the weighing bottle to keep out the dust. The bottle and contents 
can be left in the oven overnight; the stopper of the w^eighing bottle is placed 
in the desiccator with the bottle; and, when cold, the stopper is inserted and 
the whole weighed. About four hours usually suffices for the drying, but, 
after weighing, the bottle is then returned to the air bath for another hour, 
and, when cold, re-w^eighed. If no further loss of weight occurs, the hygro- 
scopic moisture of the clay in the bottle is represented by the total loss of 
weight which the clay has suffered on drying at 109 ‘ - 110^. The finely ground 
powder after drying is ke])t in the stoppered bottle, in a desiccator, for 
subsequent analysis. 

' Some* heat the clay to KM)', but this is .scarcely high enough; others work at 105° or 
12()'\ For a rapid method for the determination of moistun* in ceramic materials, see 
1. Ostoshevskii, Ofjncuporui, i, No. 6, 40, 1983; Chnn. Zenlr.^ (I), 3104, 1934. 

® Moat tinely ground powders adsorb moisture so tenaciously that some is retained even 
after the powder has been heated to 1 10 an indefinitely long time. In fact, K. Bunsen 
{Wied. Ann., 24, 327, 188.^j), A. L. Day and K. T. Allen {Amfr. J. Srirnrf, (4), 19,93, 1905) 
and d. T. Bottoinley {Chm. 51, 8.5, 1885) have 8h(»wn that a red heat is required for 

the expulsion of all the adsorbed water. 

* Either a toluene bath, fig. 58, or a bath fitted with a thermostat. In.stead of toluene, a 
mixture of water and glycerol may be used: 6 parts of water to 1 of glycerol boils nearly 
at 105”; and a mixture of 1 part of water to 6 parts of glycerol, at 120°. Intermediate 
te.mperatures can be obtained by the use of intermediate mixtures. If the proportion of 
glycerol be increased much beyond the limit here mentioned, acrid fumes are given off — 
E. J. "Reynolds, Cheni. News, 4, 319, 1861. An aqueous solution of calcium chloride, which 
boils at the desired temperature, can also be used, e.g, 100 grms. of w^ater with 25 grms. of 
calcium chloride boils at 105” ; with 41 -5 grms., at 1 10” ; with 69 grms., at 120° — G. T. Gerlach, 
Zeit. anal. Chem., 26, 413, 1887. Concentrated solutions of glycerol and calcium chloride 
sometimes cause trouble by attacking the joints of the bath, and require more attention owing 
to the gradual loss of water. When glycerol is used the mixture should renewed after 
about 6 weeks, as th<‘re is a serious depression in boiling-point, probably due to polymerisation. 
Baths used for temiieratures above KX)” should be soldered with a high-melting solder such 
as “silver solder." We prefer an electrically -healed toluene bath. To prevent any escape 
of inflammable toluene vapours into the room, should the water of the condenser be turned 
off while the bath is going, a tube is fixed (a, fig. 58) from the top of the conden.ser to the 
outside of the laboratory. 
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One purpose of removing the hygroscopic moisture before the analysis 
is to secure a uniform hygroscopic condition as a basis for comparing the 
analytical data.^ If an analysis were made on two samples of the same clay, 
one sample with 5 per cent, less hygroscopic moisture than the other, the 
silica in one might appear, in the statement of the analysis, as 60 per cent.. 



Fig. 58.— Toluene Bath at 109°-110^ 

and in the other as 57 per cent. Hence, the analytical results will appear 
different according as the sample is collected in moist or in dry weather. 

It is generally advisable, with commercial materials, to determine the 
amount of “hygroscopic moisture lost at 100®’' or “at 110®.” ^ For clays, 
it is best to use 109°-'! 10®. Some materials are decomposed at this temper- 
ature. For example, superphosphates are liable to decompose at 110®. 
This is illustrated by the following determinations of the weights of acid calcium 
phosphate ^ — CaH 4 (P 04 ) 2 — when heated one hour at the temperatures stated : 

Temperature . . 100® 105® 110® 120® 1.30® 140® 150® 160® 200® 

Decomposition . 0 2 0 4-3 4*9 6-6 8-4 13*3 17-7 50-4 per cent. 

If the samples for analysis are received in paper or in canvas bags, it is not 
much use determining the hygroscopic moisture, because the result may be 

^ See Z. A. James, Eng, Min. Joum., 90, 1047, 1910. 

* For the moisture retained by many salts dried in a steam oven — ^97®-98® — see H. W. 
Hake, Proc. Chem. 80 c., 13, 147, 1897j F. W. Smither, Arner. Ch&m. Joum., zp, 227, 1897. 
0*2864 grm. of calcium chloride, CaCl„ after the 30th day, weighed 0 3200 grm.; 0*4349 grm. 
calcium nitrate, Ca(N08)j, 0*4550 grm.; 0*1907 grm. magnesium chloride, MgCl^, 0*2136 grm. 
The numbers varied a little according to the hygroscopic condition of the atmosphere. 
Obviously, therefore, we cannot consider drying in the steam oven, and possibly air Whs, 
a Bu65cient means of standardising the hygroscopic condition of all materials, 

* J. Stoklasa, Zeit. anal. Chem., 29, 390, 1890; K. Bimbaum, Zeit Chem., (2), 14, 137, 
1871. For white lead, see p. 328. 
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greater or less than when the sample was originally packed for the analyst. If 
the hygroscopic moisture is to be determined, the sample should be hermetically 
sealed in a vessel which will not allow an absorption or evolution of moisture. 
There are some ‘‘tricks’* in sampling when the moisture question is left open.^ 

In order to distinguish between the moisture which has been absorbed by a 
given substance from its surroundings, and that which is given off by the 
decomposition of hydrated aluminium silicates or salts with water of crystal- 
lisation, at 110°, the substance is dried, not at 110° in an air bath, but at 
atmospheric temperatures in a desiccator over concentrated sulphuric acid — 
preferably in vacuo. This may occupy days or even weeks. The time can 
be shortened by drying the powder in a tube, in a current of air, dried by 
passage through, say, sulphuric acid, followed by phosphorus pentoxide. The 
loss in weight indicates the amount of moisture lost.^ The moisture can be 
reabsorbed in a drying tube charged with phosphorus pentoxide, and the 
increase in its weight represents the moisture removed from the clay. This 
gives the hygroscopic moisture less the trace which the clay retains with 
remarkable tenacity, even at elevated temperatures. 

The atmosphere in some air baths and steam ovens is quite humid, and 
contaminated with sulphurous gases, arising from the products of the com- 
bustion of the coal-gas beneath the oven. These gases find their way into the 
oven between the door and the front of the oven and may unite with the 
material being dried, thus interfering with the results, see p. 701. For 
example, several observers have noted that when thallic oxide is kept between 
60° and 100° in an ordinary drying oven it increases in weight as it forms 
normal and acid thallous sulphates. If the burner gas be excluded the weight 
remains constant. A ledge is fixed vertically downwards on the front and 
on two sides of the oven, as shown in the diagram (fig. 58), and deflects the 
gases up the back of the oven, where they do no harm. There are also 
certain risks attending the use of ovens lined inside with metal. Dust from 
the corroded metal may fall on to the materials being dried. It is not 
difficult to line an oven with glazed porcelain or earthenware slabs, which can 
be obtained to fit the oven.® 

It is important to place the thermometer near the weighing bottle, or a false 
idea is easily obtained as to the temperature of drying. Thus L. H. Bailey * 
tested a number of different ovens and found a very marked variation of 
temperature. For instance. 


Table XXIII. — Fluctuations of Temperature in Drying Ovens. 


Type of Oven. 

Thermometer 

Maximum Temperature Range. 

Reading. 

Top shelf. 

Bottom shelf. 

Electrically-heated and controlled 
Gas-heated, porcelain-lined 

107° 

99°-114° 

OO^-IOS'^ 

90° 

88°- 92° 

92°-102° 

Gas-heated, air jacket 

100° 

94°- 96° 

105M18° 

Gas-heated, steam jacket . . . i 

(Constant level water.) 

98° 

96°- 99° 

95^-98° 


^ Spooner and Bailey, Chem. News, 21, 21, 1870. 

* When this experiment is done carefiilly, some very curious curves are obtained. Part 
of the water, usually thought to be “combined water,’* behaves as if it were “hygroscopic 
moisture E. Ldwenstein, Zeit. anorg. Chem., 63, 60, 1909. See page 647. 

* F. P. Treadwell, Analytical Chemistry, English translation by W. T. Hall, 2, 24, 1919. 

* L, H. Bailey, Joum. Ind. Eng. Chem., 6, 586, 1914; R. G. Grimwood, Joum. 80c. Chem. 
Ind., $2, 1040, 1913. 
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Hence, adds Bailey, “Elaborately designed and expensive ovens are no 
more reliable than the more simple and inexpensive types. Of the ovens 
tested, only those surrounded by boiling water and steam were capable of 
maintaining even an approximately uniform temperature.” To these might 
be added ovens jacketed with vapours other than steam, e.g. toluene, and 
heated by gas or the electric current. 

§ 73. Loss on Ignition. 

This term is used to represent the total loss in weight which occurs when 
the clay is calcined at a bright red heat. The “loss on ignition” may thus 
include the loss in weight which attends the expulsion of water (page 641) 
formed during the decomposition of the clay; carbon dioxide from carbonates 
(page 625); sulphurous gases from sulphates, and the oxidation of sulphides; ^ 
the combustion of carbon and organic matter (page 631); the volatilisation 
of ammonium compounds and alkalies. The loss in weight on ignition is 
usually great enough to mask the gain in weight wliich occurs during the more 
or less incomplete oxidation of ferrous to ferric and magnetic oxides and 
manganese compounds to Mn 304 . However, it is not um'ommon to find 
firebricks which gain up to 0*5 or even 1*0 per cent, on ignition. This is 
probably due to the oxidation of ferrous and metallic iron. Sometimes these 
bricks, when powdered and treated with acids - dilute hydrochloric acid, for 
instance — give off hydrogen gas, showing the presence of metallic iron.‘^ The 
loss on ignition is not always satisfactory for exact investigations,^ but for 
industrial purposes it sometimes indicates what is likely to happen when a 
clay is fired in ovens or kilns. 

To determine the loss on ignition, about 1 grm.‘* of the clay is calcined in 
a weighed platinum crucible which has been ignited recently to a red heat, 
and cooled in a desiccator. The crucible, during the earlier stages of the 
ignition, is inclined on a platinum or silica triangle, as indicated in 

fig. 59. The flame is so arranged that it does not envelo}) the whole crucible, 
but im])inges on one side, thus allowing the air to circulate freely about the 
mouth of the crucible. Some clays, ball clays in particular, must be heated 
very slowly at first, or fine particles of clay will be carried away from the 
crucible with currents of gas and steam. A blast is usually needed for the 
later stages of the ignition.'* A crucible is shown in fig. 60 being heated over 
a blast. After the clay has been blasted about 10 minutes, the crucible is 
allowed to cool down to a temperature below red heat. It is then lifted into 
the desiccator by means of a pair of platinum-tipped tongs, allowed to cool 
and weighed. Again blast the crucible and contents 5 minutes, cool and 
weigh as before. If a further loss in weight takes place, the blasting must be 
repeated until two successive weighings are approximately constant. 

1 The sulphur may be retained by free lime, etc., if present in the form of sulphur trioxide. 
For sulphur and chlorine losses during ignition, see ,J. O’ISullivan, Analyst ^ 39, 42o, 1914; 
for phosphorus, see p. 688. 

* F. Stolba {/jeiL anal. Chem.f 7, 93, 1868) shows that a correction can be made if the 
amount of ferrous oxide be determined, because one gram of this oxide increases by 0-1 111 
grra. on passing to the ferric condition. 

® For the direct determination of water, carbon, carbon dioxide, etc., see later (chapters. 

* If the clay be not very hygroscopic, exacitly I grin, may be weighed out. This saves 
trouble in calculations, but it is necessary to guard against the error mentioned on page 45. 

* Alkalies begin to escape at a red heat. Potassium usually comes off faster than sodium. 
The alkalies, after a long blasting, may be found partly condensed on the lid. If the blasting 
be long continued, most of the alkalies will be volatilised in this way. If the ignition tempera< 
ture be properly adjusted, the loss of sulphur and alkalies is inappreciable. 
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Highly carbonaceous clays are sometimes advantageously mixed with a 
known weight of ignited magnesia to prevent the fusion or agglomeration of 
the residue during ignition.^ 

Errors , — Determinations of the loss on ignition of eight portions of one 
sample of powdered clay, each weighing 1 grm., gave the following numbers: 
0*0927, 0*0933, 0*0927, 0*0931, 0*0931, 0*0930, 0*0929, 0*0930 grm., with a 
mean of 0*0930 grm., that is, 9*30 per cent., and a maximum and minimum 
deviation of ±0*03. These numbers give us an idea of the differences which 
might be expected in duplicate determinations. If another analyst made a 
determination, his result ought not to differ by much more than :1 0*03 from 
9*30 per cent. If it did, one of the results is wrong, or the sampling is faulty, 
or the "‘drying temperature’’ is different from 110°. 

The chief sources of error arise from: (1) Imperfect drying (hygroscopic 
moisture); (2) Oxidation or reduction of ferrous iron, etc.; (3) Imperfect 
expulsion of water owing to a too low temperature of ignition ; ^ (4) More or 
less imperfect decomposition or volatilisation of some of the constituents, e,g, 
fluorides,® sulphates; ^ and (5) Mechanical loss of the substance by the tran- 
sport of fine particles along with the steam when the temperature is raised 
too rapidly.® 


^ A. Mu]Ier(«/o?/rw. praki. (1), 80, 118, 1860) mixes ferric nitrate with the powdered 

material. According to A. Gutbier {Chem. Ztg.^ 34, 211, 1910), W. C. Heraeus lias designed 
a perforated crucible lid with a partition extending into the (Tueible. By heating one side 
of the crucible a circulation of air is induced which is said to facilitate the combustion of 
organic matter. 

* Some minerals — e.g, talc and steatite — require a high blasting temjierature to drive otf 
all the water — T, Scheerer, Pogg. Anw., 84, 321, 1851. 

® K. List, Liebig's Ann., 81, 189, 1852. 

* C. R. lYesenius (Quantitative Chemical Analysis, London, i, 55, 1876) says the loss of 
sulphur trioxide from sulphates can often bo guarded against by adding finely divided, recently 
ignited lead monoxide, equal in amount to about six times the weight of the substance. 

® G. Cesaro, Mem. Soc, Roy, Sciences Lieges, (3), 5, 1, 1906. 



CHAPTER XI. 


OPENING-UP SILICATES. 

§ 74. Summary of the Different Methods. 

Some silicates are easily decom})osed by more or less prolonged digestion in 
acids; others require a more drastic treatment. Some, apparently insoluble 
silicates, decompose in acids after a preliminary calcination at 5(X)'^“600°. 
Certain other substances, on the contrary, become less soluble on calcination; ^ 
an internal change occurs attended by the evolution of heat, so much so that 
the mass, as J. J. Berzelius records, ^ exhibits a vivid incandescence which 
begins at a point and extends throughout the entire mass. A great variety 
of methods has been proposed and used for the opening up of silicates 
preparatory to analysis.^ Many of these methods are now obsolete. Although 
the sodium carbonate fusion is generally used, some of the other methods are 
invaluable in special cases. A number of methods are indicated below; 
others will be described later in connection with glazes and glasses, also 
chromite and uranium. 

I. Silicates decomposed by Digestion with Mineral Acids. — Sulphuric, 
hydrochloric, or nitric acid, or mixtures of these acids — in open vessels or 
sealed tubes. 

(а) Natural silicates. Used for the so-called “rational analysis’’; analysis 
of slags, some lead frits, etc. See pages 509, 753 et seq. 

(б) After the silicate has been calcined at a dull red heat, below the melting- 
point of the silicate.^ E.g. tourmaline in hydrofluoric acid ; axinite, garnet, 
and vesuvian in hydrochloric acid. See page 510. 

(c) After exposure to reducing gases at a dull red heat. See page 266. 

(d) Digestion with hydrochloric or sulphuric acid in sealed tubes, under 
pressure.® Seepage 551. 


^ E.g. zirconia, titanic acid, tantalic acid, molybdio chromic oxide, ferric 

oxide, rhodium oxide, basic ferric arsenate, copper aiiii^oimte, euxC/Hite, gadolinite. 
L. Gmelin, Handbook of Chemistry, London, i, 107, 184S$i ^^ |k>liee^ Pogg. Ann., 51, 493, 
1840; F. von Kobell, Journ. prakt. Chem., (1), i, 91, 183fc ■ 

* J. J. Berzelius, Lehrbuch der Chemie, Dresden, I, 841, 1825. 

® For the decomposition of chromite, see page 527 ; and for ferruginous minerals, page 511. 

* F. Mohr, Zeit. anal. Chem., 7, 293, 1868; F. Rocholl, ib., 20, 289, 1881 ; C. Rammelsberg, 
Pogg. Ann., 80, 457, 1850; H. Rose, ib., 108, 1, 1859; G. Magnus, ib., 20 , 477, 1830; 21, 
50, 1831; 22, 391, 1831; H. Hess, ib., 45, 341, 1838; F. Varrentrapp, ib., 45, 343, 1838; 
see page 511, FeO. 

* A. Mitsoherlioh, Joum. prakt. Chem., (1), 81, 108, 1860; 83, 455, 1861; P. Jannasch, 
Bar., 24, 2734, 3206, 1891; Zeit. anorg. Chem., 6, 72, 1894; F. C. Phillips, Zeit, anal. Chem., 
tz, 189, 1873; V. D. Voznesenskii et at., Zavodskaya Lah., 2 , 37, 1933. 

139 
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I I, Silicates decomposed hy Hydrofluoric Acid alone or by a Fluoride mixed 
with a Mineral Aci’rf.— Sulphuric, hydrochloric, or nitric acid. 

(a) Vapour at a red heat.^ 

(b) Aqueous solution alone or with mineral acids. This j)roc(‘Ss is much 
used for the determination of ferrous iron and alkali(‘s, etc. 

(c) Digestion with a fluoride mixed with an acid or some salt which decom- 
poses the fluoride. 

(i) Ammonium fluoride and sulphuric acid.^ 

(ii) Potassium hydrogen fluoride.^ 

(iii) Calcium fluoride and suljdiuric acid.^ 

(iv) Sodium fluoride with an acid or with potassium hisulphate.® 

(v) Barium fluoride with an acid or with barium nitrate.'^ 

III. Silicates decomposed by Fusion trith Alkali Oxides or Salts. — This 
method is not usually applied if the silicate is decomposed by sim])le treatment 
with acids, in open vessels. 

(a) Fusion with alkali hydroxides. Fused caustic ])otash and soda ash 
were among the earliest fluxes in use for dec()m})osing silicates.** Pure sodium 
carbonate and caustic soda are now much used for opening up silicates.^ 

(b) Fusion with sodium peroxide. This is mu(d) used for ()})ening u]) 
chromites and hsomatites, as described on pages 264, 527, etc. The violence of 
the action may be tempered by mixing the ])eroxide with sodium hydroxide 
or lime. 


^ A. Brunner, Pogg. Ann.^ 44, 134, 18.38; F. Kuhlmann, (\tmpf. nauL. 58, 54.3, 1864; 
A. H. Allen, Analyst, 21, 87, 1896; A. Miiller, Janrn. prakt. Phvw., (I), 95, 51, 1865. 

^ J. J. Berzelius, Pagg. Ann., i, 169, 1824; H. Hose, Lnhig's Ann., 72, 324, 1849; I). 
D. Craig, Chnn. 60, 227, 1889; K. Linncinaiin, ih., 52, 22(‘, 233, 240, 1885; N. S. 

Maskelyne, ib., 21, 27, 1870; Proc. Jioy. aSW., 18, 147, 1869; F. ilinden, Ztit. anal. Chevi., 
25, 332, 1906; A. Thurmer, Keramas, 10, 657, 1931; J. Ileltorge, BuU.ii^oc. chini. BeUj., 
39, 539, 1930. 

* L. von Babo, Amt. Ber. deut. Naturforschrr. Avrtzc Mainz, 20 , 103, 1842; .1. Potyka, 

Untersuchungen uber einige Mineralifu, Berlin, 38, 1859; H. Hose, I*ogg. Ann., 108, 20, 1859; 
R. Hoffmann, Ze.it. anal, ('hew.., 6, .367, 1867; durn. News, 17, 24, 1868. The ainmoniura 
fluoride should leave no residue when evaporate<l to dryness. P. T. Austen and F. Wilber 
(Chem. News, 48, 274, 1883) purify by dissohing eoinnu'rcial ammonium fluoride in as little 
water as possible in a platinum dish (or, better, plaee hydrofluoric acid in a platinum dish), 
and adding an excess of cotu^kraMljl^monia slowly from a pipt^tte to avoid loss by spurting. 
A voluminous precipit(^'l|il^ Decant the clear liquid for use. In silicate decom- 
positions, acidify the with sultiliuric acid and evaporate to dryness. 

* C. Mari^ac, €Mfn* 8, 1^,. 1866; W. Gibbs, Ain^r. J. Science, (2), 37, 

357, 1864; I0> 37? 4|9» 1864; F. Al Clarke, Zeit. anal. Chem., 7, 463, 1868. 

* C. E. AYeS^i,'0hem^^ 27dg 1869; 0. A. Wilbur and W. Whittlesey, ib,, 22, 2, 

1870. 

» F. W. Clarke, 45, 173, 1868; (3), 18, 290, 1877; Che.m. News, 17, 

232, 1868; C. E. Avery, 1869. 

’ G. Gore, Joum. Chem, 15, 104, 1863 ; 0. E. Avery, Chem. News, 19, 270, 1869. 

* M. H. Klaproth, Amlyiical Essays, London, i, 50, 1801; E. Biittner, Bilikat Zeit., 2, 
149, 1914; C. J. van Nieuwenburg and H. H. Dingemans, (^hern. Weekb., 25, 266, 1928; S. R. 
Scholes {Class Jnd., ii, 164, 1930) uses 1 grm. of sodium hydroxide and 3 grins, of sodium 
nitrate jier 0*5 grm. of the sample and fuses for 1 hour at 300”. 

* M. W. lies, Eng, Min. Joum., 31, 58, 1881 ; Chem.. News, 43, 78, 1881 ; C. A. Burghardt, 
ib., 6i, 260, 1890; Proc, MamheMer Lit, Phil, Hoc., (4), 3, 171, 1890; W. Myliiis, Keram, 
Bund,, 40, 33, 1932. ^ page 264. 
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(c) Fusion with alkali carbonates. Marggraf ^ seems to have been one of 
the first to mention th(‘ use of fusion with alkali carbonates in analysis. 

(i) Sodium carbonate. ^ 

(ii) Fusion mixtur(\^ 

(iii) Sodium bicarbonate.^ 

(iv) Potassium carbonate.^ This salt is sometimes preferred to sodium 

carbonat(* — c./y. witli tungstates, columbates, tantalates -on 
a(*count of the greater solubility of the potassium salt. 

(v) Ijithium carbonate.** 

(d) Potassium or sodium bisulphate or pyrosulphate.’ Smith prefers the 
sodium salt in certain cases —c.//. in the decom])Osition of corundum — since 
the double salt of aluminium and j)otassium is dissolved with greater difficulty 
under conditions when* the sodium salt is freely soluble. 

IV. CaUi'nintj the Silicate (cith an Alkaline Earth. — Oxide, carbonate, etc. 

(a) (Vilcium carbonate* or oxide, alone or with calcium chloride.® 

(h) (Wcium carbonate with ammonium chloride.® 

(c) Calcium siil]>hate.^® This was used by von Hauer for lepidolite. 

(d) J3arium oxide or carbonate or nitrate.^ ^ 

(e) C^alcium fluoride with or without sulphuric acid.^^ 


* A. S. Chaui^^f'he Schriftcn^ Berlin, 2 , 13.*), 17(57. P'or the action between 

sodium (!arbonate and various oxides at about KKK)" C., see A. Romwalter, Jilitf. berg, huften’ 
mdnn. A hi. uegar. ttnchschulc limj.-Vorstiv. Soprov^ 5 , 38, 1933. 

^ S. Kern, ('hem. New.'<, 35 , 203, 1877: D. lando, / 6 ., 60 , 14, 33, 41, 1889; L. H. Freid- 
hurg, ih.y 62 , 22, 32, 1890; Jouni. Amer. ('hem. aS'oc., I2, 134, 1890; .1. A. L. W. Knop, Leipzig 
Math.<i. Phyfi. Her.. 34 , 33, 1882; Zr//. anal. ('hem.. 22 , .')o 8 , 1883; Chem. 49 , 62, 1884; 

E. Mallard, Ann. ('him. f*hi/s.. (4), 28 , 86 , 1873; A. Thurmer, Keramos, lo, 657, 1931. F. 
Stolba {Sitzber. konig. liOhm. OV’.v. Il'/.v.v., 1885; Zeil. anal. ('hem.. 25 , 378, 1886) recommends 
placing a la 3 'er of sodium cliloride over (he charge in the crucible before the mixture is heated. 

* Sec page 143. C. F. Chandler, Pmjg. Ann.. 102 , 446, 1857. 

* C. Holthof, Zeit. anal. ('hem.. 23 , 498, 1884; ('hem. AVm.w, 51 , 18, 1885. 

® H. Rose, AusfiiJirlirhe.^ Handbuch tier analytisrhen Cheynie. Braunschweig, 2 , 630, 1852; 
3. 3. Berzelius, Pogg. Ann.. 4 , 152, 1824; W. B. Giles, ('hem. News. 99 , 25, 1909; M. H. 
Bedford, Jonrn. Amer. ('hem. Hoe,. 27 , 1216, 1905; A. F. Gehlen, Schweigger's Journ.. 6 , 
258, 1812; A. S. Marggraf, (^hernische. Hehrifte.n. Berlin, 2 , 135, 1767. 

® R. Schwartz and A. Schinzinger, Zieit. anorg. allgem. Chem.. 151 , 214, 1926; 3. Kuhnhold, 
Oldshutte. 64 , 587, 1934; 3. E. Gieseking and.H. J. Snider, Ind. Eng. Chem. Anal. Ed.. 9 , 233, 

1937. ■■ ^7 

^ 3. L. Smith, Amer. J. Science. (2), 40 , 248, 1865; Chem* AretW!j^^ 2 , 220, 1865; W. H. 
Worthington, Min. Science. 63 , 521, 1911. « 

* 8 . F. Glinka, Jonrn. Russ. (^hem. Sffc., 24 , 456, 1892; L, R. von Fell^jp^rg-Rivier, Zeit. 
anal. Chetn.. 5 , 179, 1866; H. ('ormimbeuf, Ann. Chim. afUnL^ tKf 295i JPl^; H, St C. 
Ueville, Ann. Chim. Phys.. (5), 61 , 309, 1861; Chem. News, 4 , 255;|. 1861; E. Con jean, ib.. 80 , 
240, 1899; H. Rocholl, ib.. 41 , 2.34, 1880. 

® J. L. Smith, Amer. J. Science. (21, 50 , 269, 1871. 

10 F. Stolba, Zeit. anal. Chem... 16 , 99, 1877. 

G. Werthier, Journ. prakt. Chem..{l). 91 , 321, 1864; H. Abich, Pogg. Ann.. 50 , 128, 341, 
1840; P. Berthier, ib.. 14 , KW), 1828; 3. W. Doberciner, ib.. 14 , 100, 1828; L. R. Fellenberg- 
Rivier, Zeit. anal. Chem.. 9 , 459, 1870; W. Hempcl, ib.. 52 , 86 , 1913; G. Gore, Joum. Chem. 
Eoc*. 15 , 104, 1862 ; 3. 3. Berzelius, De V Analyse de^ Corps Inorganiques. Paris, 72, 1827; 
M. H. Klaproth, Beitrdgc zxtr Kenntniss der Mineralkorper, Berlin, 3 , 240, 1802. 

G. Scheffer, Liebig's Ann.. 109 , 144, 1859; C. A. Joy, Chem. News. 8 , 183, 197, 1863; 
Amer. Journ. Science, (2), 36 , 83, 1863. 
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V. Fusion with Lead or Bismuth Compounds, 

(а) Lead oxide.^ This n ethod is sometimes used in determining the total 
water in clay by Jannasch’s process. The lead oxide retains fluorine and 
boron. 

( б ) Lead carbonate.^ 

(c) Lead chromate.® 

(d) Fusion with bismuth oxide or nitrate.^ 

VI. Fusion with Sodamide, NaNHg. 

A large variety of natural and artificial silicates, such as clay, felspar, 
serpentine, soapstone, fired refractories, glasses and also bauxite, are completely 
decomposed by fused sodaraide. Fusion for 2-3 hours at 330° is recommended, 
and it is claimed that nickel instead of platinum crucibles can be used as less 
than 0*3 mgrm. of nickel passes into the fusion.® 

VII. Fusio7i with Boron Compounds, 

(a) Boric oxide, or boric acid.® This process promises to be useful for the 
determination of silica in the presence of fluorides, since, it is stated, the fluorine 
is evolved as boron fluoride — BF 3 — not as silicon fluoride - SiF 4 . 

(h) Borax.’ Chenevix found that he could not open corundum by fusion 
with potash or soda, but he succeeded by fusing the mineral with borax. 
According to Wells, borax and boric anhydride attack platinum quite appreci- 
ably during high-temperature fusions. 

(c) Potassium borofluoride mixed with potassium carbonate.® This 
mixture was used by Stolba for opening up zircons (4 of flux, 1 of powdered 
zircon). 

VIII. — Heating in Vapours of 

(a) Sulphur monochloride — page 561. 

(b) Carbon tetrachloride.® 


^ P. Berthier, Ann. Chim. Fhya,, (2), 17, 28, 1821; G. Bong, Zeit. anal, Ohem.t 18, 270, 
1878; P. Janiiasch and H. J. Locke, Zeit. anorg. Chem., 6, 168, 321, 1894 (for topaz); A. 
Leclerc, Cmnpt, rend,, 125, 893, 1897; Chem. News, 77, 27, 1898; C. A. Joy, Amer. Journ. 
Science, (2), 36, 83, 1863; Chem. News, 8, 183, 197, 1863. 

* P. Jannasch, Ber., 26 , 1497, 2909, 1893; 27, 2228, 1894; Zeit. anorg. Chem., 8, 364, 1893; 
Chem, News, 71, 51, 1895. 

® P. Jannasch, Ber., 22, 221, 1889. 

* W. Hempel and R. P, Koch, Zeit. anal. Chem., 20, 496, 1881 ; Chem. News, 45, 81, 1882 
(nitrate); T, M. Chatard, Amer. J, Science, (3), 29, 379, 1889; Chem. News, 50, 279, 1884 
(oxide). 

® P. V. Petersen and P. W. Bergstrom, Ind. Eng. Chem. Anal. Ed., 6, 136, 1934. 

* H. Davy, Phil Tram,, 85, 231, 1805; P. Jannasch, Ber., 28, 2822, 1896; P. Jannasch 
and O. Heidenreich, Zeit, anorg. Chem., 12, 208, 219, 1896; P. Jannasch and H. A. Weber, 
Ber., 32, 1670, 1899; H. A. Weber, XJeber die Aufschliessung der Silikate durch Borsdure- 
anhydrid, Heidelberg, 1900; K. Heil, Veher die Aufschliessung der Silikate und anderer schwer 
zersetzbar Mineralien mit Bors&ureanhydrid, Heidelberg, 1901; E. Rupp and P. Lehman, 
Chem. Zig,, 35, 565, 1911 ; A. Thiirmer, Keramos, 10, 657, 1931 ; P. Specht, Zeit. anorg. allgem. 
Chem., 231, 181, 1937. 

’ C. Rammelsberg, Zeit. dent. geol. Oes., 24, 69, 1872; W. Suida, Tschermak's Mitt., (1), 
5, 176, 1876; ZeU. anal. Chem., 17, 212, 1878; J. S. C. Wells, School Mines Quart., X2, 295, 
1891; Chem. News, 64 , 294, 1891; R. Chenevix, Joum. de Phys., 55, 409, 1802, 

® P. Stolba, Chem. News, 49, 174, 1884. 

® S. J. Johnstone, Min. Mag., z6, 226, 1912. 
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IX. Electrical Current . — Several attempts have been made to decompose 
certain silicates and minerals while exposed to the joint effect of acids and an 
electric current, but with success only in special cases.^ 

§ 75. Sodium Carbonate for Silicate Fusions. 

In most silicate analyses, the mineral is broken down by fusion with 
anhydrous sodium carbonate — a plan first used by T. Bergmann in the eigh- 
teenth century. Obviously, the sodium carbonate must be free from impurities 
whicli have to be determined in the 
fused silicate.^ For instance, if sulphur 
is to be determined, the carbonate 
must be free from sulphur compounds. 

The total impurities — silica, alumina, 
etc. — should not exceed 0*01 per cent. 

If 10 grms. of this carbonate be taken 
for the analysis, the maximum error 
for the impurities in it will not then 
exceed 0*1 per cent. The impurities 
can be determined by a blank analysis. 

Potassium carbonate fuses at about 
888°, and sodium carbonate at 851°,^ 
while a mixture with about 46 grm.- 
molecules per cent, of potassium car- 
bonate melts at 712°. The freezing- 
point curve for all liquid mixtures is 
indicated by the solid line in fig, 61 
and the melting-point curve for the 
corresponding solid mixtures by the 
broken line. The so-called ‘‘fusion 
mixture” (sodium carbonate, 4*5 parts 
by weight; potassium carbonate, 5 parts) is the most fusible mixture of 
these two carbonates. Hence, this mixture is sometimes recommended for 
opening up silicates in preference to sodium carbonate alone, because of its 
greater fusibility. This point is, however, of little importance, because the 
temperature of silicate fusions is generally greater than the melting-point of 
either salt alone; and there is no difiiculty in maintaining the necessary tem- 
perature. 

Dittrich * has pointed out that potassium salts are washed from the different 
precipitates, later on, with greater difficulty than sodium salts. In illustration, 
Reidenbach shows that a “magnesia” precipitate made in a 3N solution of 
potassium chloride retains nearly twice the weight of occluded salt as a pre- 
cipitate made under similar conditions in a 3N solution of sodium chloride. 
Still further, Smith has shown that the resulting cake with potassium carbonate 
dissolves in water with greater difficulty than when sodium carbonate is used. 



Fiu. 61. — Melting-Points of Mixtures of 
Sodium and Potassium Carbonates. 


1 E. F. Smith, Ber., 23, 2276, 1890; 25, 152, 1892; L. P. Frankel, Chem, News, 65, 64. 
66, 1892; M. Mayen9on, 16., 76, 24, 1897. 

* See J. L. Smith (Chem. News, 30, 234, 1874) on the preparation of pure potassium and 
sodium carbonates for silicate fusions. Excellent sodium carbonate can now be purchased 
with a guaranteed composition. 

® P. Niggli, Zeit. artorg. Chem., xo6, 126, 1919. 

^ M. Dittrich, Anteitung zur Oesieinanalyse, Leipzig, 5, 1905; K. Reidenbach, Ueber die 
quaritiiative Bestimmung des Magnesiums als Magnesiumpyrophosphat, Kusel, 69, 1910, 
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Platinum crucibles are slightly attacked by the fusion with sodium car- 
bonate. Koninck ^ says that 6 grms. of fusion mixture when melted in a 
platinuiii crucible over a Bunsen burner, and then over a blast, caused the 
platinum crucible to lose in weight ()•()( )J() grin. Hence, Koninck says that in 
exact analyses the platinum should be removed by treatment with hydrogen 
sulphide in acid solution. Koninck's numbers are higher than those obtained 
in our own experience with sodium carbonate fusions. There is also no need 
to remove the platinum until after the potassium bisulphate fusion, as indicated 
on page 168. 

§ 76. Opening Clays and Silicates by Fusion with 
Sodium Carbonate. 

Charging the Crucihle. — Either 1 grm. of the powdered clay dried at 1 10'^, or 
the clay remaining in the crucible after the loss on ignition ^ has been deter- 
mined, is mixed with six to eight times its weight of anhydrous sodium car- 
bonate, by adding the carbonate to the cru(‘ible and thoroughly mixing the 
contents of the crucible by means of a s])atula, care being taken to get plenty of 
sodium carbonate at the bottom of the crucible. Two more grams of sodium 
carbonate are introduced and levelled down with the spatula. The spatula is 
also cleaned by the sodium carbonate at the same operation. 

The Fu!<ion, — The crucible is placed slightly inclined on a platinum or pipe- 
clay triangle, so that the flame does not com])letely envelop the crucible. The 
object is to kee}) the atmosphere inside the crucible as oxidising as possible. 
The lid is placed on the crucible, and the latter is heated over a low flame with 
the bottom of the crucible at a dull red for a quarter of its length. This drives 
off the carbon dioxide without spluttering. In about 15 minutes the crucible 
is heated to bright redness by means of, say, a Teclu or a Meker burner for 
another 15 minutes. The contents of the crucible will then ])robably be in a 
state of quiet fusion ® and gas ])ubbles will have ceased to come off. Little if 
any spluttering of the contents of the crucible on to the inside of the lid will 
have taken })lace if the operation has been properly performed. 

Cooling the Crucihle. — The crucible is then removed from the flame by the 
platinum-tipped tongs and allowed to cool on a slab of granite, marble or an 
unglazed tile.^ A green-coloured cake indicates the presence of manganese — 
sodium manganate — but manganese may be present without showing the green 
colour if the inside of the crucible, during the fusion, was not sufficiently 
oxidising. The dirty brown colour of highly ferruginous clay may also obscure 
the manganese green. 

Transfer of the Cake to the Basin.— When cold, the crucible is half filled 
with water, and a gentle heat applied without allowing the contents to boil. If 
the crucible be not dented, and has been allowed to cool a sufficient length of 
time, the cake will quickly loosen en bloc,^ and may be tipped into a dry 350 c.c. 

^ L. L. de Koninck, Zeit. anal. Chem., i8, 669, 1879. 

2 If the clay sinters into clots when the loss on ignition is determined, it is best to work 
with an uncalcined sample, because sintered masses are decomposed with difficulty by the 
fused carbonate. 

* Highly siliceous clays, flint and felspar usually give clear transparent fusions; while 
Cornish stone, clays and pottery bodies, even though completely decomposed, form more or 
less turbid liquids. Highly aluminous clays form viscid liquids and siliceous clays limpid 
liquids. It is a good plan to use rather more sodium carbonate for the former type of silicate. 

* R. Howden (Chem. News, 107, 232, 1913) adds a pinch of powdered nitre to the still 
molten mass. The evolved gases make the cake more porous and easier to detach from the 
crucible. 

® Do not “squeeze the platinum crucible between the finger and thumb to loosen the 
fused mass,’* as one writer recommends. 
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evaporating basin ^ glazed on the inside only.^ About 150 c.c. of water® are 
added to the cake, the basin is covered with a clock glass and about 20 c.c. of 
concentrated hydrochloric acid ^ introduced from a jupette through the lip of 
the basin. When the first violent reaction is over, the basin is warmed on a 
water bath until all action has ceased and the cake has disintegrated. The 
clock glass is now removed and any drops on the underside of it are rinsed into 
the basin. The platinum crucible and lid are next washed with dilute hydro- 
chloric acid and hot water and the washings poured into the basin. The cake 
is now crushed to powder with a small agate pestle. Any white spots which 
apx)ear on the crinuble *'* after it has been cleaned and dried must be transferred 
to the basin. 


^ To mark porcelain veeseJs, scratch a mark on the vessel with a diamond. Smear platinic 
chloride* over the mark, and when it is almost dry wipe (jiot wash) it off. When fired in a 
muffle, the vessel is marked with metallic platinum (B. Blount, Chem. New^^ 56 , 66 , 1887; 
A. A. Kelly, / 6 ., 83 , 9/5, 1901). H. Jervis (Ohem. 83 , 118, 1901) recommends marking 

crucibles with ink, and W. C. Kriescher {Chem. News, 83 , 130, 1901) with blue pencils and 
then tiring. (\ Reinhardt {Zeif. anal. Chem., 23 , 42, 1884) recommends marking in coloured 
enamel, finely powdered, and ground in aniseed or lavender oil. This is marked on the 
porcelain and fired in a muffle. P. A. Yoder, Chem. Eng., 15 , 102, 1911; Jourv. Ind. Eng. 
Chem., 4 , r>67, 1912; D. Mason, ib., 4 , 691, 1912. M. Liebschultz {Chem.- Analyst, 9 , 11, 
1914) acids a little platinic (‘hloride to ordinary marking ink and writes with a pcui. AfttT 
ignition the mark is permanent. S. B. Kurizian (Journ. Ind. Eng. Ch^tn., 8 , 89, 1916) uses 
cobalt nitrate. 

® The rate of evaporation from basins which are glazed on the inside and on the external 
rim only, is from oO to 100 per cent, cjuicker than from >>asins which are glazed all over. 

® Analysts are frequently puzzled why the silica from a given silicate fusion is sometimes 
gelatinous and <lifficult to filter and wash, and at other times it ap|x»ar 8 more or less pulverulent 
and easy to wash. In many cases this is due to the way the fused cake in the cru(;ible is 
treated. The pulverulent form is obtained by dissolving the cake in a large volume of water, 
say 2(K1 C.C., and then acidifying t he solution. Thi.s large volume may take longer to evaporate 
than when the acid is added to a concentrated solution; but if the concentrated solution b<^ 
acidified, the silic^a is more likely to separate in the gelatinous form. In the latter case, a 
considerable amount of time will be spent in filtering and washing, and the result will be less 
satisfactory. The silica which separates from the dilute solutions also appears to be of greater 
purity. W^hen the silica separates from concentrated solutions, it probably encloses particles 
of liquid not easily removed by washing. These results are not so marked when considerable 
amounts of alumina are present, but in any case the different effects are noticeable — D, Lindo, 
Chem. News, 60 , 14, 33, 41, 1889. Borne consider that the addition of alcohol to the solution 
makes the silica separate during evaporation in the granular form, which is easily filtered and 
washed. It is also claimed that two evaporations arc not then necessary. 

* H. H. Willard and W. E. Cake {Joum. Amer. Chem. Sf>r., 42 , 2208, 1920) and W. K. 
Gibson {lioc,ks Prodneis, 35 , 70, 1930) recommend the use of concentrated perchloric acid 
instead of hydrochloric a<*id; the process is quicker, less silica passes into solution (.see 
page 152), and it is separated in a purer state. See also F. H. Fish and F. M. Taylor, Joum, 
Chem. Eduen., 10 , 246, 1933. 

® The less dented and the smoother the crucible, the more easily is the cake removed. 
A very obstinate cake is dissolved in the crucible on the water bath, with or without the 
addition of hydrochloric acid, and the contents emptied from time to time into the evaporating 
basin. Fre.sh water or acid is introduced into the crucible. If the acid be used with a green 
cake, chlorine may be evolved and attack the crucible. In that case, a few drops of ahtohol 
will destroy the manganate, and prevent the generation of chlorine. F. Stolba {Zeit. anal. 
Chem., 25 , 378, 1886) pours the melted mass on a suitable slab; J. Herman {WeM, Chem. Met., 
5 , 476, 19(M)) pours the melted mass into a beaker containing 50 c.c. of water. In that case, 
the mass should b<‘ a limpid fluid when |K)ured, or an explosion might result. Bisulphate and 
caustic alkali fusions must not poured into water. L. li. de Koninck {Zeit. angew. Chem., 
I, 669, 1888) rocommejids inserting a piece of platinum wire, bent at one end in the form of 
a spiral, into the fused mass when fusion is complete; when cold, the other end of the platinum 
wire is suspended from a glass rod, or a retort clamp, so that the crucible hangs a few milli- 
metres above the triangle. On heating the crucible quickly, the crucible falls into the triangle 
and the ''melt’* remains suspended on the platinum wire separated from the crucible. Both 
it and the residue in the crucible can then be dissolved in the regular manner — E. R. E. 
MfiHer, Chtm. Ztg., 32 , 880, 1908. 
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The cake will not dissolve very readily if the fusion has been conducted at 
a very high temperature. Flakes of silicic acid may now be observed floating 
about the liquid. If any gritty particles remain in the basin, the decomposition 
by the sodium carbonate was not complete.^ In that case it is best to start 
again.^ 


^ Magnetite and ilnienite may escape decomposition by the fusing carbonate, and yet 
be subsequently dissolved by the hot hydrochloric acid. According to P. W. Shimer (Joum. 
Amer. Chem. Soc., 16, 501, 1894) in the analysis of blast-furnace slag, spinel — magnesium 
aluminate — is not decomposed by fusion with alkali carbonates. By treating the slag with 
hydrochloric and hydrofluoric acids, and afterwards boiling the residue with sodium carbonate, 
the spinel can be isolated as a crystalline powder. Treatment with concentrated sulphuric and 
hydrofluoric acids decomposes the spinel. This substance, therefore, if present, will be broken 
down at a later stage of the analysis — correction for silica. 

2 If the amount of sample available be small, the undecomposed material can be collected 
in a filter-paper, ignited and re-fused w^ith sodium carbonate. 



CHAPTER XII. 


THE DETERMINATION OF THE SILICA. 


§ 77. The Determination of Silica. 

First Evaporatioyi . — The hydrochloric acid solution of the cake contains the 
various constituents of the clay in solution principally as chlorides. These are 
subsequently removed one by one. First the silica. Evaporate ^ the contents 
of the basin to dryness on the water bath, protected from dust.^ There is no 
appreciable loss of the constituents to be determined in the solution during the 
evaporation.® Heat the dry residue in an oven (fig. 58), between 109° and 
110 °, or leave it on the water bath, until the smell of the hydrochloric acid has 
disappeared.^ Pour about 5 c.c. of concentrated hydrochloric acid and 30 40 
c.c. of water on the residue; warm on a water bath 10 to 15 minutes; break 
up any coarse lumps with a glass rod; decant the clear liquid into, say, a 9 cm. 
filter-paper, and collect the filtrate in a 400 c.c. beaker. Add more water and 
acid to the basin, warm again ; again decant through the filter-paper, repeat the 
treatment, and finally transfer the contents of the dish to the filter-paper. 
Wash with cold water® until all the chlorides have been washed out. Test a 


^ Solutions, owing to their lower vapoui prc^^sure, usually e\apoiate more slowly than 
w'ater. P. Lesage, Cornpt. nnd., 115 , 473, 1893. For rapid evaporations see S. Wurzel, 
Met, Chem. AVty., I 2 , 430, 1914; VV. Hemjiel, /?er., 21 , 9(H), 1888; P. Freeman, ChfmisU Analyst, 
14 , 11, 1915; T. B. Aldrich, Journ. lUoL Chem., 23 , 255, 1915. K. M. Timofeyuk {Zavadskaya 
Lab., 3 , 19, 1933; P. N. Grigor’ov and P. I. Pozharskaya, i 6 ., 5 , 1443, 1936; V. Vepritzhaya, 
ib,, 4 , 1514, 1935; Ogneuporui, 4 , 284, 1936) adds a 1 per cent, solution of gelatin, albumen 
or casein, which coagulates the silicic acid and so saves time. 

* A. V. Meyer’s evaporating funnel, fig. 62, is suitable {Ber., 16 , 3(K)0, 1883). The evaporat- 
ing funnel has been raised a little in the diagram. 

® F. Kehrmann {Zeit. anorg. Chem., 39 , 48, 1904) and B. Flurscheim {ib., 39 , 106, 1904) 
refer to a loss of silica by evaporation with acids; but 0. Freidheira and A. Pinagel {tb., 45 , 
410, 1905) show that the loas probably occurred during the (careless) filtration, not during 
the evaporation. K. F. Fohr {Berg. Hvit. Ztg., 41 , 252, 1882; Chem. News, 46 , 40, 1882; 
W, Skey, ib., 16 , 207, 1867; D. H. Browne, Journ. Anal. App. Chem., 5 , 342, 1891; A. Vogel, 
Neues Rept. Pharm., 18 , 157, 1869) has stated that some ferric chloride is lost during the 
evaporation of the acidified solution, but R. Fresenius {Zeit. anal. Chem., 6 , 92, 1867) and 
L. L. de Koninck {Zeit. angew. Chem., ii, 258, 1899; H. P. Talbot, Amer. Chem. Journ., 19 , 
52, 1897; R. W. Atkinson. Chem. News, 49 , 217, 1884; H. Seward, ib., 16 , 219, 233, 1867) 
have shown that the statement is erroneous. There is no appreciable loas either during the 
evaporation or during the drying of the residue at 130®. If, however, residues containing 
ammonium chloride or aqua regia be so treated, there is, according to Talbot, an appreciable 
loss of iron, though S. Shinkai {Journ. Boc. Chem. Ind., Japan, 29 , 303, 1926) recommends 
the addition of 3 to 4 grms. of ammonium chloride when the solution has been reduced to 
small volume in order to convert the silica hydrosol into hydrogel, and states that the pro- 
cess is applicable to silicates containing the oxid^ of aluminium, iron, calcium and magnesium. 

* For the influence of the drying temperature on the final result, see page 154 et seq. 

* Washing with hot water is indined to precipitate basic chlorides of iron with the silica. 
Basic iron salts, for instance, are mreoipitated on boiling slightly acid solutions in the presence 
of much alkali salts ( 8 . P. 17. Pickering, Journ. Chem, 80 c., 37 , 807, 1880). In that case, the 

*47 
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drop of the filtrate with a drop of silver nitrate solution; if there be no turbidity 
the washing is complete. 

Second Evaporation , — The filtrate is transferred to the same basin as was 
used in the first evaporation, and the solution evaporated to dryness and the 
residue baked in the oven as before. Digest in dilute hydrochloric acid; filter 
through a 7 cm. filter-paper and collect the filtrate in the same beaker as was 
used in the first filtration. Take special care to remove all particles of silica 
which may adhere to the basin by rubbing with a ‘‘policeman.” ^ Wash with 
cold water as before. The filtrate should occupy 150 to 200 c.c.^ 

Ignition of the Silica . — The free edges of the filter-paper are folded down on 
the silica and both filter-papers, while still moist, are placed in a weighed 



Fig. 62. — Evaporation for Silica. 

platinum crucible. The paper containing the bulk of the silica is placed in the 
crucible first. The triple folds of the filter-paper are placed uppermost to 
facilitate oxidation. Heat the crucible and contents slowly over a Bunsen 
burner fitted with a mushroom head, until the paper is thoroughly charred, 


ignited silica is not white, but dirty brown. Cold water is therefore best for washing the 
silica of ferruginous clays, and this the more as sodium chloride is not much more soluble in 
hot water (39-8 grms. per 100 c.c. at 100®) than in cold water (35*9 grms. in 100 c.c. of water 
at 15®). But, other things being equal, hot solutions filter more rapidly than cold solutions. 

^ Dry the porcelain basin, when any traces of silica not transferred to the filter-paper can 
be easily detected as white spots (F. L. Kortright, Chem. Eng., 5 , 19, 1906), O. Knofler (Zeit. 
anal. Chem., 28 , 673, 1889) recommends a dark underglaze colour in the interior of evaporating 
basins to show up any traces of residues or precipitates like aluminium hydroxide, etc. 
F. Moldenhauer {Zeit. anal. Chem., 50 , 754, 1911) recommends platinum basins. 8 . R. Scholes 
{ChemisU Analyst, 29 , 22, 1920) adds a small amount of methyl orange before each evaporation; 
the dye stains the gelatinous solid as it separates and every particle becomes coloured. 

‘ A trace of silica passes into the second filtrate, and is partly recovered at a later stage 
of the analysis, as ‘‘extra silica.’^ 
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but at no stage allow the paper to ignite or there will be a danger of the escaping 
gases whirling the light powdered silica out of the crucible. Then remove the 
mushroom head and gradually burn off the carbonaceous residue, after which 
put the cover on the crucible, and blast the silica for 20 to 30 minutes in order 
to dehydrate it and render it less hygroscopic. Cool in a desiccator and weigh.^ 
The silica should naturally be ignited until no further loss in weight occurs, but 
experience shows that the above period is ample with a good blast.^ Record 
the weight as indicated below ; ‘‘ Uncorrected silica plus crucible.” 

Impuritieit in the Silica.- "The. silica so obtained is not quite pure. A more 
or less dark grey coloured silica results from the ignition of the moist precipitate 
in a covered crucible and is due apparently to the formation of silicon carbide, 
SiC.^ It probably contains small quantities of titanic oxide, phosphoric oxide, 
alumina and ferric oxide.^ Add 5 c.c. of water ^ and about 5 drops of con- 
centrated sulphuric acid. The latter is necessary to j)revent the volatilisation 
of titanium fluoride ® — TiF 4 (and possibly also some aluminium fluoride — 
AIF3). Add hydrofluoric acid ’ carefully, a few drops at a time, to prevent loss 

^ The lower the temperature at which the silica is calcined, the more hygroscopic the 
resulting powder. A. Souchay a mil. Chim., 8 , 423, 18811) states that precipitated silica 

calcined at a low tem|XTature adsorbed 14 38 grins, of hygroscopic moisture per 1(X) grms. of 
silica; silica calcined at the full tem{x*rature of a Bunsen burner, 2 00 grms. jjer 100 grras. of 
silica; and silica calcined in a blast, 0-09 grm. of hygroscopic moisture jicr 1(K) grms. of 
silica. Powdered quartz under similar conditions adsorbed no hygroscopic; moisture — J. W. 
Mellor and A. I). Holdcroft, Trans. Cf^r. *Sor., 10 , 94, 1911. 

2 This point should, how<*ver, be verified. See also T. Bauer {Tonimi. Ztg.y 37 , 89, 1913) 
for the difficulty in rcmioving the last traces of hydrocddoric acid. 

® K. A. Krieger and H. S. Lukens, I ml. Eng. C^hew. Anal. AW., 8 , 118, 1936. 

^ And, in spc‘cial cases, Ic^ad sulphate, ctalciura and barium sulphates, tin oxide, antimony 
oxide, tungsten oxide, arul basic salts. Silica is very liable to retain phosphoric and tungstic 
acids— W. Sk(\y, Chern. Ntwsy 16 , 187, 1867; and also arsenic and tin oxides — if present. 

•» Be careful in adding li(|uids to dry powders (especially if hot). There is a tendency for 
some of the powder to be dissipated as a “cloud of dust " — E. dordis and W. Ludewig, Zeit. 
anorg. Cheni.y 47 , 180, 1905. 

® E. Biley, Journ. Ch^m. Sac., I2y 1.3, 1860; P. Holland, Cheni. News, 59 , 27, 1889; 
P. Truchot, Her, gen. Chirn., 18 , 173, 1905. Thus, Holland has shown that titanic oxide is 
lost by fuming with hydrofluoric acid when sulphuric acid is absent, but not when it is present: 


Bulphuric acid. 

TiOg present. 

TiO^ found. 

None present 

0046() 

j 00340 

Present 

00414 1 

1 0 0413 

Present 

0 0520 

00520 

i 


E. Wedekind {Ber,, 44 , 1753, 1911 ) has also shown that the presence of sulphuric acid consider- 
ably reduces the loss of zirconium when fuming with hydrofluoric acid to drive off the silica, 
S. B. Kuzirian, Amer. Journ. Science, (4), 37 , 61, 1914; Zeit. anorg. Ckem., 85 , 430, 1914. 

’ Hydboflttoric Acid.— The acid must be free from non-volatile impurities — K. F. Stahl, 
Zeit. offent. Chem., 3 , 13, 1896; A. H. Allen, Analyst, 21 , 87, 1896; B. Blount, ib., 21 , 87, 
1896. Hydrofluosilicic acid, derived from the silica in the fluorspar used in the manufacture 
of the hydrofluoric acid, is a (?ommon impurity. Sulphuric acid, as well as hydrofluosilicic 
acid, may distil over with the hydrofluoric acid. The acid may also contain substances which 
reduce potassium permanganate (pages 178, 219 and 613). For apparatus for working with 
hydrofluoric acid, sec G. Foord, Chem. News, 30 , 191, 1874 (apparatus for pouring); E. Cohen, 
Natur. Ver. Neuvorpommern Hugen, 20 , 1, 1889; H. C. Andersch, Chem. Ztg., 12 , 1475, 1888; 
R. Benedict, ib., 15 , 881, 1891; E. Hart, Journ. Anal. App. Chem., 3 , 372, 1889 (bottles for); 
G. P. Vanior, ib., 4 , 48, 1890 (piptdte); R. Hamilton, Chem. News, 60 , 252, 1889; W. Hempel, 
JBer., x8, 1434, 1886; A. P. Stuart, Amer. Chemist, 2 , 384, 1871 (preparation of pure acid); 
JJ Zellner, MonaU. 18 , 749, 1897 (determining concentration), A drop of hydrofluoric acid 
on the al^ produces a serious “bum,” According to M. Kessler {Chem. Nem, 8 , 17, 
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by the violent effervescence which sometimes occurs. The crucible is filled not 
quite half-full with hydrofluoric acid. Place the crucible eccentrically on a sand 
bath and slowly evaporate the solution almost to dryness. Add 2 or 3 c.c. more 
hydrofluoric acid, and take the contents of the crucible to complete dryness 
on the sand bath. After removing any grains of sand from the outside of the 
crucible heat it to bright redness and blast the residue five minutes.^ Weigh 
the crucible and contents, and enter the result as '‘crucible plus residue.’’ 
The difference between this weight and the preceding represents the silica.^ 
A minute quantity of silica has yet to be added to the silica so determined — 
the “extra silica” of page 167. 

It is here assumed that the residue in the crucible is free from lime, magnesia 
and alkali salts, and that the crucible only contains constituents belonging to 
the ammonia precipitate. Bloor ^ has investigated the validity of this assump- 
tion by analysing the residues. He found among other determinations that; — 


Table KKIW - Coynposition of the Silica Residues. 


Total residue. 

Alumina. 

Ferric oxkh?. 

Magnesia. 

Lime. 

0-0072 

0002:1 

0-0008 

0 -(K )22 

0-0007 

0-0062 

0-(K)06 

0-0020 

0-0014 

0-0005 

0-0080 

0-0018 

0-0020 

0-(X)07 

0-0020 

0-0036 

0-(XX>0 

O-OOlO 

0-0014 

0-0004 

0-0074 

0-0028 

0-0018 

0 -() 0 (K) 

I 0-0020 

0-0046 

0-0006 

0-0018 

O'fKXX) 

0-0023 

0-0080 

0-(K)25 

0-(K)31 

0 -(K )12 

0-0008 

0-0013 

0(K)00 

0-(X)00 

1 

0-0005 

0-0012 


Hence, Bloor concludes that the residue “is contaminated to some degree 
by the main constituents of the clay. The amount of contamination by sub- 
stances other than ferric oxide and alumina is, however, except in extreme 
cases, ^ so small that it may be neglected unless extreme accuracy is required”; 
in that case the residue can be taken up with a little sodium carbonate, and the 
acid solution of the fused mass added to the main solution. 

Weighings . — The results of the silica weighings in the above operations, 
together with the “extra silica” from a later operation, will be recorded some- 
what as follows: — 

1863), the “first aid” treatment for hydrofluoric acid on the skin is to use lint wetted with 
ammonium acetate and inject the same solution into the blisters. If the acid has touched 
parts of the skin difficult to moisten, e.g, under the nails, concentrated ammonia will give 
the best results. The excruciating pain which attends the first application of the ammonia 
is transient. 

1 It is important to drive off all the hydrofluoric acid, or troubles with the alumina will 
follow later. 

* S. V. Peppel reports that the loss in weight obtained on treating the insoluble residue 
from low-grade limestones with hydrofluoric and sulphuric acids is sometimes greater than 
the amount of silica actually present — H. E. Ashley, Chem. News, 90 , 274, 19(H, For the 
volatilisation of silica, see E. Cramer, Zeit. av^ew. Vhem., 5 , 484, 1892; H. Moissan, Comjtt. 
rend., lit, 1222, 1429, 1893; P. Schiitzenberger, ib., 116 , 1230, 1893; L. Troost, ib., JX6, 
1428, 1893. 

® W. R. Bloor, Journ. Amer. Chem. Soc., 29 , 1603, 1907; C. Meineke, Rep. anal. Chem., 
7 , 214, 1887; E. Jordis, Zeit. anorg. Chem., 45 , 362, 1905. M. Aurousseau (Joum. Washington 
Acad. Sciences, 1 $, 330, 1923) found that 31*4 per cent, of the total titanic oxide in an andesite 
was retained in the silica residue. 

* E.g. when the amount of magnesium or calcium in the original sample is high, as was 
the case with the third sample in the above table. 
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Crucible, silica and residue 

Crucible and residue ^ . 

Crucible alone ^ . 

Corrected silica 

Crucible, extra silica and residue ..... 22*9531 grms. 

jCrucible and residue ....... 22*9522 „ 

Extra silica ........ 6*0009 grm. 

Corrected silica . 

Extra silica 

Silica found 

Less silica in reagents 
Total silica 

Errors. — The following results were obtained in eight independent deter- 
minations with one sample of clay: — 0*6052; 0*6048; 0*6047; 0*6046; 

0*6053; 0*6044; 0*6044; 0*6043 grm. The mean is 0*6047 grrn., or 60*47 
per cent., with a deviation of about :t0*05. The deviations will be different 
with clays containing different amounts of silica. But if this particular 
sample be analysed by another analyst, we should expect the silica to come 
somewhere between 60*42 and 60*52 per cent. The variations obtained with a 
number of analyses as indicated above give an idea of the errors liable to affect 
particular determinations, but they tell nothing about the presence or absence 
of constant errors — say, errors due to the solubility of silica in the mother 
liquid.^ The case of lithium, page 604, might be cited as an instructive example. 
These constant errors can rarely be checked, although an approximate idea can 
sometimes be obtained by control analyses with artificial mixtures containing 
known amounts of the constituents under investigation — page 243.^ 

Every method of analysis has its own peculiar sources of error. The 
principal sources of error in silica determinations are: (1) Imperfect decom- 
position of the silicate; (2) Loss by spurting when the acid is added to the 
carbonate fusion; (3) Imperfect transfer of the silica from dish to filter-paper; 

(4) Tendency of silica to remain in a soluble condition after baking at 109®; 

(5) Mechanical loss of fine particles of silica transported with the gases during 
incineration of the filter-paper, and during the dehydration of the silica; (6) 
Contamination by the reagents, and by the porcelain vessel during evaporation ; 
and (7) Loss of weight of the crucible itself during the prolonged blasting.® 

Determination of Silica in the Presence of Fluorides. — If fluorine be present 
as, say, calcium fluoride, part of the silica will be lost by volatilisation as silicon 

^ Analyses of twelve clays gave residues varying from 0*0050 grm. to 0*0240 grm. with 
an average of 0*0107 grm. 

* The loss in weight by the blasting of the crucible was negligibly small for the small crucible 
employed. If the crucible lost appreciably in weight during the blasting, write: “Empty 
crucible plus loss in weight during blasting.” See page 97. 

* For a critical examination and discussion of errors in silicate analysis, see W. Mylius, 
OlashiiUe, 62, 782, 1932. 

* M. Stoermer {Tonind. Ztg., 35, 463, 1911) considers that alumina is volatilised when the 
silica is heated with sulphuric and hydrofluoric acids. No appreciable loss can be detected under 
the conditions of the experiment described in the text. 

* For a discussion of methods in use for the determination of silica, see P. Grigor’ev, 
Stroitelnuie MtUerialui, No. 9, 1930; Ceram. Aba., xo, 384, 1931. For the volumetric deter- 
mination of silica, see A. Travers, Compt. rend., 173, 174, 1921 ; N. A. Tananaev and A. K. 
Babko, Ukrain. Kkem. Zhur. 8ci. Ft., 5, 71, 19^; Zeit. arud. Chem., 82, 146, 1930. 


0*6051 grm. 
0*00 0 9 „ 

0*6060 grm. 
0*000 8 ^ 
0*6052 grm. 


21*0603 grms. 
20*4552 „ 
20*4 530 „ 

0*6051 grm. 
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tetrafluoride — SiF^ — when the solution is evaporated to dryness. Supposing, 
in the extreme case, that all the fluorine be so evolved, the inaxiinum possible 
loss of silica will be nearly equal to three-eighths of the weight of the calcium 
fluoride. The error becomes appreciable in the case of Cornish stone, which 
contains from 2 to 5 per cent, of calcium fluoride. In this case the silica and 
fluorine must be separately determined, as indicated on page 731. 

Determinaiion of Silica in the Presence of Boric Oxide . — When borates are 
present, it is necessary to get rid of the boric oxide by adding methyl alcohol, 
saturated with hydrogen chloride, during the evaporation for silica, as indicated 
on page 064. 


§ 78. The Theory of Silica Determinations. 

When an aqueous solution of sodium silicate is treated with hydrochloric 
acid,^ part of the silicate will be decomposed, forming sodium chloride and 
silicic acid, say, Conversely, when a solution of silicic acid is treated 

with sodium chloride, hydrochloric acid and sodium silicate are produced. 
These reactions are symbolised: 

2wNaCl + wHgO.BiOg 2wHCl + ^^NagO.SiOg 

The reversed arrows represent the fact that the reaction j)roceeds in each 
direction. When the speeds of the two reactions are the same, the system is in 
equilibriutn, and the solution contains all four substances in certain definite 
proportions. If not, the system is not in equilibrium, and it will tend to attain 
that condition. Whatever be the condition of the system after it has been 
evaporated to dryness, when the residue is taken up with dilute acid, a definite 
proportion of the silica in solution will be present as colloidal silicic acid,^ and 
the rest as sodium silicate. 

If all the soluble silicic, acid in the dried rt^sidue could }>e converted into 
insoluble silicic acid by baking at a high temperature, the sodium silicate, when 
taken up with more hydrochloric acid, would be hydrolysed and furnish the 
same relative proportions of soluble silicic acid and sodium silicate as before. 
If the silicic acid so formed could be rendered insoluble by another evaporation, 
it follows that repeated evaporation to dryness and soaking the dried residue 
would transform practically all the silica into the insoluble condition, and the 
filtrate would be practically free from silica. Borne analysts are under the 
impression that the action does occur, and recommend this procedure.® 

^ Gelatinous orthosilicic acid — H 48 i 04 — is precipitated. This, when heated, or digested 
with sulphuric acid, forms inetasilicic acid — HgSiOs (H. Meldriim, Chne.. 78 , 235, 1898); 
and this at lOO'^-lK/' forms the trisilicic acid — HgSisO^ — which is insolubJe in water and 
acids: at a high temperature the latter is converted into anliydrous silica. 

2 For the solubility of silica, see R. Bunsen, Pogg. Ann., 61 , 265, 1847; E. Ludwig, Zeit. 
anal. Chem., 9 , 321, 1870; C. Meineke, Pep. anal. Chem., 7 , 214, 757, 1887; P. Jannasch 
and O. Heidenreich, Zeit. anorg. Chem., 12 , 214, 1896; C. Winkler, Chem. Centr., 4 , 673, 
1859; J. W. Mellor and A. D. Holdcroft, Trans. Cer. Soc., 10 , 1 , 1911; A. M. Edwards, 
Chem. News, 73 , 13, 1896; V. Lenher and E. Truog, Journ. Amer. Chem. ^oc., 38 , 1050, 1916; 
V. Lenher and H. B. Merrill, ib., 39 , 2630, 1917; F. G. Hawley, Eng. Min. Journ., 103 , 541, 
1917; M. Wunder and A. Suleimann (Ann. Chim. arml., 19 , 45, 1914) found that the solubility 
of precipitated silica increases with the strength of the acid used and the temperature of 
digestion. For the alleged relatively greater solubility of silica in hydrochloric acid than in 
aqua regia, see G. C. Wittstein, Zeit. anal. Chem., 7 , 433, 1868. For the solubility of silica 
in alcohol saturated with hydrogen chloride, sec W. Knop, Hepertm. Chim. appL, i, 71, 1859; 
A. Winkler, Chem. Centr., 4 , 673, 1859. For the solubility of silica in aq. ammonia, see 
page 165, 

* E.g, G. Lunge, Technical Methods of ChemicrU Analysis, London, l, 581, 1908. M. 
Stoermer (Tonind. Ztg., 35 , 453, 1911) considers that all the silica is converted into an insoluble 
form by evaporating the hydrochloric acid solution, baking at 130° and soaking two hours 
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The percentage amount of water lost per hour in the earlier stages of the 
drying (llC") is very much greater than in the later stages. Indeed, the last 
stage of the dehydration requires an indefinitely long time for its completion.^ 
This is illustrated by the gradual approach of the curve (silicic acid containing 
23-9 per cent, water), fig. 63, to a horizontal line. If the temperature be 



Fkj. 63. — Effect of Time occupied l>y Drying at 110 ' on the Dehydration of Silicic Acid. 


raised, the transformation takes ])lace much more rapidly and completely; but 
experience shows that the liigher the desiccation temperature, the greater the 
amount of foreign matter associated with the silica. ''This,^’ says Gilbert,^ 
“is probably due to tlie alumina being rendered insoluble in acids.” See 
Table XXV.‘ 

If the amount of alumina })e high, the residue left after the removal of silica 
is greater the higlier tlie drying temperature. In the case of calcareous slags 
(46 per cMuit. CaO), the calcium chloride in the residue seems to facilitate the 
dehydration of the silica and reduce the amount of silica soluble in the filtrate. 
On the other hand, with a slag containing 35 per cent, of CaO and 15 per cent, 
of MgO, the magnesium chloride seems to retard the dehydration at 100^; and 
at 280® it increases the amount of soluble silica in the filtrate. 

Hillebrand ^ considers that magnesia begins to recombine with silica to form 
a magnesium silicate at temjieratures over 120®. This silicate is subsequently 
decomposed by hydrochloric acid, with the separation of silica. It is not, 
therefore, possible to separate all the silica by the evaporation of magnesian 
clays if the residue be dried at temperatures over 120®. A certain amount of 
soluble silica will always be formed by the decomposition of the resulting 
magnesium silicate. If magnesium be absent, the drying of calcareous silicates 
can be conducted at a higher temperature than 110®— for instance, 280® — when 
“it would seem that there is no tendency for silica to recombine with lime and 
alumina” (Gilbert).^ 


with hydrochloric acid. considers a second evaporation to be unnecessary, for it makes 
no difference whether or not the silica be filtered off before the second evaporation. The 
experimental results quoted in this chapter show that two evaporations with an intervening 
filtration are necessary for exact work ; but see the section on abbreviated systems of analysis, 
page 239. 

^ J. M. van Bemmelen, Zeit anorg. Chem., 13 , 233, 1897; Die Adsorption, Dresden, 196, 
1910. According to P. H. Walker and J. B. Wilson {Cirv. U.ld, Dept. Agric., lOi, 1, 1912), 
a two-hours’ ignition at the highest temperature obtainable with a Bunsen burner suffices 
for the dehydration of silica, and three hours for alumina; there is then no risk of error owing 
to a change in weight of the platinum crucible. 

* J. P. Gilbert, Tech. Qmirt., 3 , 61, 1890; Chem. News, 61 , 270, 281, 1890; G. Craig, ib., 
60 , 227, 1889; W. J. Rees, Journ. Soc. Glass Tech., ii, 172, 1927. 

* W. F. Hillebrand, Journ. Amer. Chem. Soc., 24, 262, 1904. 

* If zinc be present, see page 379. 
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Table XXV. — Effect of the Dehydration Temperature on the 
Determination of Silica in Clays. 


1, Aluminous Clays. 

Total SiOg 
per cent. 

Temperature. 

Residue after first 
evaporation 
(per cent.). 

Residue after second 
evaporation 
(per cent.). 

SiOg in filtrate 
(per cent.). 

6415 

100*^ 

64*46 


0*0018 

0*0017 

64*28 

120^" 

64*19 


0*0023 

0*0032 

64*55 

280^ 

64*90 


()*(K)70 

0*(K)35 



2. Calcareous Clays. 



41*28 

100° 

41*33 


0*0013 

0*0008 

41*20 

120° 

41 32 


0*0018 

0*0006 

41*52 

280° 

41*78 


0*0029 

0*0003 

3. Magnesian Clays. 

33*70 

100° 

33*67 


0*0020 

0*0023 

33*80 

120° 

33*63 


0*0028 

0*0008 

33*94 

280° 

33*81 


0*(X)65 

0*0052 


So long as any silica escapes transformation into the insoluble condition, 
so long will a certain proportion pass into solution probably as sodium silicate, 
by the reaction between the sodium chloride and silicic acid. In illustration, 
A. B. Trickett mixed pure silicic acid with different proportions of 20 per cent, 
sodium chloride solution, evaporated the mixture to dryness and baked the 
residue four hours in a steam oven. The insoluble silica was filtered off, 
washed and the soluble silica determined in the filtrate by the molybdate 
colorimetric process (page 686). 


Table XX VL — Effect of Sodium Chloride on Soluble^ ^ Silica. 


Grms. NaCl per grm. SiOg. 

SiOj in the filtrate (per cent.). 

18*5 

0*78 

26*9 

0*81 

45*8 

1*06 

62*4 

1*07 


This shows that the greater the amount of sodium chloride in the solution, the 
greater the amount of silica in the filtrate, presumably owing to the trans- 
formation of silicic acid into soluble sodium silicate. 

This re-solution of sodium silicate is one of the troubles attending the 
determination of silica. If the silicic acids could be completely dehydrated by 
baking below the temperature of recombination, the difficulty would be over- 
come. It is important to remove as much silica as possible at this stage of the 
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analysis, since any silica which escapes in the filtrate will contaminate the 
dilferent precipitates later on.^ The possibility of a recombination of the silica 
with the bases during the baking of the silica limits the safe temperature of desicca- 
tion.^ The complete drying, that is, the complete conversion of the silica into 
the insoluble form, might possibly be effected at 110° if an indefinite period of 
time were available. The longer the time of baking, the more perfect the 
drying, and the less the amount of silica which passes into solution in the 
filtrate. This is illustrated by the following experiments due to Hillebrand: — 


Table XXVII. — Effect of Time of Drying on the '^Soluble** Silica. 


l^ours of drying in steam oven 
Per oent. of silica in filtrate 


4 

24 

48 

211 

1-63 

1*48 


Til agreement with fig. 63, it follows that the complete dehydration’’ of the 
silicic acid is excessively slow - too slow to be of any practical use.® It will 
therefore be obvious that taking up the dry residue with hydrochloric acid and 
re-drying the residue a number of times has very little influence on the ‘‘silica 
in filtrate.” But if the silica which has separated be removed, the amount of 
silica remaining when the filtrate is evaporated to dryness is comparatively 
small. The drying curve for this silica resembles that indicated in fig. 63 ; and 
although a similar percentage of the silica will remain untransformed at the 
end of a certain period of drying, yet the actual amount is small in comparison 
with the total silica. Indeed, after the second evaporation and drying, less 
than 0*1 per cent, of the total silica will be found in the filtrate. This is very 
well illustrated by the two following sets of numbers which show the amounts 
of silica remaining in the filtrates after successive evaporations and bakings: — 


Filtrate . 

First. 

Second. 

Third. 

Fourth. 

Silica 

. (>()0141 

0-0(X)81 

0-00023 

0*00006 grin. 

Silica 

. 0*0307 

0-0035 

0-0024 

0*0015 grm 


Cameron recommends the third evaporation, thus reducing the percentage 
silica in the third filtrate to a negligibly small amount, and after the fourth 
evaporation, the amount escaping dehydration is almost out of range of the 
balance.^ Two evaporations suffice for technical work. 

It follows from Table XXV., section 2, that when the silicate under 
investigation is soluble, or almost wholly soluble, in acid, say hydrochloric acid, 


^ R. Bunsen, Liebig's Ann., 6 i, 265, 1847; E. Ludwig, Fogg. Ann.^ 141 , 149, 1870; Zeit. 
anaJ. Ghem., 9 , 321, 1870; C. Meineke, Mep. anal. Chem., 7 , 214, 1887; A. Cameron, Chem. 
News, 69 , 171, 1894; E. Jordis and W. Ludewig, Zeit. anorg. Chem., 45 , 362, 1905; 47 , 180, 
1905; N. Knight and F. A. Menneke, CJiem. News, 94 , 165, 1906; J. A. Phillips, Phil. Mag., 
(4), 41 , 87, 1871; F. A. Gooch, F. C. Reckert and S. B. Kuzirian, Amer. Journ. Scieme, (4), 
36 , 598, 1913; Zeit. anorg. Chem., 85 , 230, 1914; P. Nicolardot and J. Koenig, Ann. Chim. 
anal., 23 , 104, 1918; V. Lenher and E. Truog, Joum. Amer. Chem. Soc., 38 , 1050, 1916. 

• B. Blount, Joum. Amer. Chem. Soc,, 26 , 995, 1904. W. H. Stanger and B. Blount 
(Joum. Soc. Chem. Ind., 21 , 1216, 1902) consider the temperature of baking Portland cements 
should not be lower than 200°. This high temperature is not safe for general work, although 
with calcareous cements, under industrial conditions, the results are satisfactory (Table XXV.). 
T. Bauer, Tonind. Ztg., 37 , 89, 1913. 

® It is probable that some volatile reagent — say alcohol — might be found to do the work 
efficiently, but this has not yet been fully investigated. 

* In these experiments the residues were not baked above 110 °. 
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and, in consequence, comparatively little sodium salt is present, one evapora- 
tion will be almost as effective as two. This explains how some discordant 
statements are rife. For instance, with Portland cement, which is nearly all 
soluble in hydrochloric acid, one evaporation and baking at 180° will suffice. 
The relatively large proportion of lime in these silicates also facilitates the 
dehydration of the silica, as indicated in the same section of Table XXV.^ 

Evaporation with sul])huric acid,- in place of hydrochloric acid, gives a silica 
which is comparatively easily dehydrated; but the presence of this acid is a 
source of danger on account of the risk of forming sparingly soluble sulphates 
which may contaminate the silica, and the escape of alumina from precipitation 
in the presence of sulphates — page 161. Eva])oration with perchloric acid has 
already been mentioned.^ 

The rate at which the silicic acid is dehydrated is connected with the con- 
centration of the solution from which the silicic acid was precipitated by the 
hydrochloric acid. For instance, J . C. Green has measured the rate of expulsion 
of water at 800° from silicic acid precipitated from concentrated and from dilute 
solutions of sodium silicate, and afterwards dried by heating up to 450°. His 
results are: — 

Table XXV II L — Dehydration of Silicic Acid at 800°. 


Time 

healecl 

. ... 1 
Amount of moLsture lost — per (‘(uit. i 

at 800". 

Silica from 

8ili(‘a from I 

Minutes. 

<‘oncent rated 
solutions. 

dilute j 

Holut ions. 

0 

1-6 

. 

4-49 

10 

4-25 

6-45 

20 

5*72 1 

8'72 

30 

618 

1 

1004 

I 

1 


According to Gooch,® the difficulty in igniting silica to constant weight is 
not due to the retention of water, but to the presence of some substance slowly 
decomposed or volatilised by heat — usually sodium chloride, sometimes 
sulphate. 


^ B. Blount, Joitrn. Amer, Chem, Hfjc,, 26, 99i), 1904; 8. F. Beu kham, 26, 1636, 1904. 

* T. N. Drown, Chem, News, 40, 40, 1879; 42, :131, 1880; Trans. Amer. Inst. Min. Kng., 
7, 346, 1879; T. N. Djown and P. W. Shinier, ib., 8, 508, 1880; J. Thill, Zeit. anal. Vhem., 
43, 552, 1904; G. H. Meeker, Journ. Amer. Chem. StHi., 19, 370, 1897; A. Cameron, Chem. 
News, 69, 674, 1894; C. Craig, ib.,60, 227, 1889; 3. P. OillM>rt,, ib., 61, 270, 281, 1890; V. Lehner 
and E. Truog, Journ. Amer. Chem. 80c., 38, 1050, 1916; V. G. Hawley, Ewj. Min. Joum., 
103, 541, 1917; H. A. B. Motherwell, ib., 103, 1155, 1917. V. M. Goldschmidt (Tids. Kemie 
Pharm. Terap., 325, 1910) recommends making the silica insoluble by evaporation with nitric 
acid and hydrogen peroxide instead of with hydrochloric acid. 

* Nitric acid is used in special cases—- for instance, when lead is present. 

* See footnote 4, page 145. 

® F. A. Gooch, F. C. Reckert and 8. B. Kuzirian, Amer. Journ. 8cience., (4), 36, 598, 
1913; Zeit. anorg. Chem., 85, 230, 1914; S. B. Kuzirian, Amer. Joum>. Science, (4), 37, 61, 
1914; Zeit, anorg. Chem., 85, 430, 1914. 



CHAPTER Xlll. 


THE AMMONIA PRECIPITATE. 

§ 79. The Precipitation by Means of Ammonia. 

We httve now to deal with the filtrate, acidified with hydrochloric acid, from 
the silica. This solution contains aluminium, iron, titanium, phosphorus, 
manganese, calcium, magnesium and alkali salts. ^ Assume that the 
manganese is enther absent, or present in ina])preciable quantities.^ The 
addition of ammonia, in the presence of ammonium chloride,^ precipitates the 
aluminium, iron,^ phosphorus, titanium ^ and [)art of the magnesium. The 
precipitate carries down a little lime and alkalies.® Two to three grams of 
solid ammonium chloride are added to the solution and then a slight excess 
of ammonia is added drop by drop with <;onstant stirring. an excess of 
ammonia be poured into the solution rather quickly, a considerable quantity 


^ -If lead, bifirnuth, c<.)pp(‘r, cadniiuni, tin, arsenic, molybdenum, antimony, selenium, 
gold and the platinum medals he present, they should be removed by hydrogen sulphide, 
as indic^ated later on page IdS. 

If manganese bo ])reH(*nt , and time is of great importance, add a few cubic centimetres 
of bromine water (pag<' 393 ) to the boiling solution eontaining the equivalent of 10 per cent, 
of concentrated hydrochloric acid by volume and make the solution alkaline with ammonia. 
Alternatively add “reagent" hydrogen pc^roxide with the ammonium chloride and ammonia — 
M. Dittrich, Ber.^ 35 , 4072, 1902. The manganese will be precipitated with the alumina and 
iron. The presence of one ptirt of iron in 8 (MMK) parts of solution gives a visible precipitate 
with aqueous ammonia; for aluminium the iiumlK*rs are 1 : 100, (KK); for chromium, 1 : 170,000; 
zinc, 1 : 80, (KX); manganese, 1 : 170,(KM)— L. J. Curtmann and A. D. St John, Jouni. Amer, 
Chern. 34 , 1679, 1912. 

® A. Mitseherlieh, Jouru. prakt. Chem.y ( 1 ), 8 l, 108, I860; (1), 83 , 458, 1861. 

* Ferric, not ferrous, hydroxide. But the iron after the preceding treatment will generally 
be all in the ferric state. If much manganese be present (as will be indicated by the colour 
of the sodium carbonate fusion), the filtrate from the silica may contain ferrous iron. “The 
tendency of manganese salts to ex<*rt a reducing effect on ferric iron in solution is probably 
the cause of this phenomenon ’’ — G. C. Stone (W. G. Waring, Journ. Amer, Chem. Soc., 26 , 
4 , 1904). If ferrous salts be pre.sent, a few drops of “reagent" hydrogen peroxide will effect 
the conversion (A- Carnot, Compt. rend,, 107 , 948, 997, 1888). If hydrogen sulphide has been 
used to remove the metals indicated in footnote 1 , it will be necessary to remove the 
hydrogen sulphide by boiling, filter off the sulphur, if any, and oxidise the iron. Note that 
commercial hydrogen peroxide sometimes contains fluorine, chlorine, sulphuric acid, hydro- 
fluosilicic acid, sugar, glycerine, calcium, magnesium, barium and aluminium salts — H. P. 
Talbot and H, R. Moody, Te 4 ^h, Quart., 5 , 123, 1893; G. Arth, Mmit. StierU,, (4), 15 , 715, 
1901; Chem. News, 85 , 184, 1902. 

® If chromium, beryllium, vanadium and the rare earths be present, they too will be pre- 
cipitated as hydroxides; uranium will bo precipitated as ammonium diuronate — (NH 4 ) 2 U> 07 . 

« C. F. Cross, Proc. Manchester Lit. Phil. Soc., 17 , 49, 1877; P. Comette, Ann. Pharm., 
4 , 1, 1900; J. Thoulet, Cornpt. rend., 99 , 1072, 1884; R. Warrington, Joum. Chem, 80 c., 21 , 
1, 1868. Some consider that the precipitated hydroxide forms a true chemical compound with 
the substances in question. £l,g. A. V. E. Young, Amer. Chem. Journ., 8 , 23, 1886 (Al); 
V. J. HaU, ib„ 19 , 612, 1897 (Fe); 19 , 901, 1897 (2n); H. P. Patten, ib., 18 , 608, 1896 (Cr); 
Joum, Amer, CAew. 80 c,, 25 , 186, 1903 (Mg, Mn, BaS 04 ). 
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of magnesia will be precipitated with the alumina**; whereas, ‘‘if the ammonia 
be added, drop by drop, with constant stirring, to the hot solution, until the 
ammonia is in slight excess, the precipitated alumina will be either free from 
magnesia, or retain but slight traces of that element.” ^ In illustration, a 
mixture of 1*23 grins, of magnesium sulphate, with 2*2675 grms. of ammonia 
alum and 10 grms. of ammonium chloride in 750 c.c. of boiling water, gave 
precipitates which weighed, after ignition, 0*2581 grm. and 0*2641 grin., 
respectively, according to whether the precipitation was slow or rapid, whereas 
the calculated weight of the precipitate was 0*2560 grm. The precipitate 
is dissolved in hot hydrochloric acid and reprecipitated, washed, ignited and 
weighed. The ignited mass is then fused with potassium bisulphate, and 
the resulting cake digested with water. The insoluble silica ^ is filtered off, 
washed and weighed as “extra silica.’* The iron, titanium, phosphorus and 
manganese, if present in the filtrate, are determined separately. Arsenious 
oxide is very tenaciously adsorbed by ferric hydroxide. ^ The amounts of 
these constituents are added together, and the difference between the sum 
and the weight of the total ammonia precipitate is the alumina. Before taking 
up details of the process, a few special points may be considered. 

Ammonia for the ''Alumina'' Precipitation. — The ammonia used should 
be free from carbonates; otherwise, calcium carbonate will be precipitated 
with the alumina. Ammonia ® absorbs carbon dioxide from the atmosphere, 
and hence some analysts make a fresh solution of ammonia periodically for 
this work. If calcium carbonate be formed, H. Rose ® thinks that it will be 
decomposed by the ammonium salts present in the solution, when the mixture 
is boiled. The ammonia should be kept preferably in ceresine bottles, or glass 
bottles lined on the inside with ceresine. Freshly prepared ammonia kept in 
common glass bottles for one month gave a residue of 0*7 mgrm. per 25 c.c.; 
in a Jena glass bottle, 0*4 mgrm.; and in ceresine bottles, no residue.'^ 

The Solubility of Aluminium Hydroxide in Ammonia Solutions. — Aluminium 
hydroxide is appreciably soluble in aqueous ammonia and, according to 
Archibald and Habasian,® the solubility at 20° expressed in grams of 


^ L. F. J. Wrinkle, Ch^m, News, 22, 4, 1870; H. Abich, Pogg. Ann., 23, 352, 1831; 
W. R. Nichols, Arner. J. Science^ (2), 47, 16, 1869. E. H. Swift and R. C. Barton {Journ. 
Amer. Chem. Soc., 54, 2219, 1932) recommend adding ammonia until the solution is basic 
to methyl red. 

* The trace which escapes in the second filtrate mentioned in the preceding chapter, as 
well as any dissolved from the glass vessels and reagents will be, for the most part, recovered 
later. 

* G. Lockemann and F. Lucius, Zeit. phys. Vhem., 83, 736, 1913; G. Lookemann and 

M. Paucke, Zeit. Kolloid. Chem,, 8, 273, 1911. 

*• For the action of ammonia on silica, see pages 162 and 166. 

* The ammonia is tested for carbon dioxide by an aqueous solution of calcium chloride. 
There should be no opalescence. For the analysis of commercial *'aqua ammonia,” see J. D. 
Pennock and D. A. Morton, Journ. Amer. Chem. 80 c., 24, 377, 1902. For pyridine in ammonia, 
see H. Ost, Journ. prakt. Chem,, (2), 28, 271, 1883; for lead, see W. F. Lowe, Journ, 80 c. 
Chem. Ind., 11 , 133, 1892. The latter impurity is introduced when the manufacturer places 
the ammonia in leaden vessels for dilution to the required specific gravity. C. Kollo and 

N. Georgian {Bui. 8 oc. chim. Romdnia, 6, 111, 1924) use hexamethylenetetramine, which 
readily hydrolyses in water to ammonium hydroxide and formaldehyde, instead of ammonia, 
one gram of the crystalline reagent being taken for each precipitation. B. Solaja (Chem. 
Zty., 49, 337, 1926) recommends “infusible white precipitate” (HgNH,Cl) for the precipita- 
tion of aluminium and iron hydroxides, separation from manganese being effected by one 
precipitation. For the precipitation of aluminium (as basic succinate) by urea, see H. H. 
Willard and N. K. Tang, Ind. Er^g. Chem, Anal. Kd., 9, 367, 1937. 

* H. Rose, Chem. News, 2 , 291, 1860; Pogg. Ann., no, 292, 1860. 

^ E. T. Allen and J. Johnston, Journ. Ind. Eng. Chem., 2, 196, 1910. 

* E. H. Archibald and Y. Habasian, Trans. Roy. 80 c. Canada, 10, 89, 1916. 
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aluminium hydroxide per 100 c.c. of solution varies with the normality of the 
ammonium hydroxide solution as follows: — 

Normality . 0-050 0-100 0-125 0-200 0-500 1-CKX) 

Solubility . 0-007 0-008 0-025 0-038 0-045 0-024 

The presence of ammonium nitrate decreases the solubility: thus, with a 
normal solution of ammonia at 20° and with p per cent, by weight of ammonium 
nitrate, the corresponding solubilities are: — 

p . . . 0 5 10 20 30 

Solubility . . 0-024 0-0187 0-0082 0-0045 0-0035 

On the other hand, potassium nitrate increases the solubility. Blum ^ says 
that complete precipitation occurs at pu 6-5 to 7-5. Hence, before precipita- 
tion he adds a few drops of a 0-2 per cent, alcoholic solution of phenol red, 
followed by ammonia until the colour turns red. 

Influence of Boiling and Long Standing on the Alumina Precipitate. — There 
are some objections to boiling solutions containing the alumina precipitate. 
Rose and Fresenius ^ recommend boiling off the excess of ammonia from the 
solution. Lunge considers the boiling unnecessary. The objections to the 
boiling are: (1) Some alumina may be redissolved by prolonged boiling owing 
to the decomposition of the ammonium chloride, with the formation of hydro- 
chloric acid and volatile ammonia.^ Hence, it is well to make sure that the 
solution is alkaline before filtering. (2) Prolonged boiling to drive off the 
excess of ammonia may lead to a contamination of the precipitate by dissolution 
of silica from the glass vessels.® (3) Prolonged boiling also tends to make 
the precipitate slimy and difficult to filter and wash. The same objection 
applies to precipitates which have stood some time. (4) Calcium carbonate 
is also precipitated under these conditions owing to the absorption of carbon 
dioxide from the air. 

The important thing is to filter and wash rapidly. If these operations for 
the precipitate from a gram of clay occupy much over half an hour, it will be 
almost impossible to remove the adsorbed salts, in a reasonable time, by the 
washing — hence some use a hot funnel (fig. 90). If the precipitate has reached 
the slimy stage ® before the washing is completed, it is generally advisable to 

^ W. Blum, Journ. Avter. Chem. aVoc., 38 , 1282, 1916. 

* R. Fresenius, Anleitung zur qnantitutiven chemischen Analyse y Braunschweig, i, 160, 
1903; London, i, 192, 1900; L. Blum, Zeit. anal. Chem.y 27 , 19, 1888; H. Rose, l.c.; J. L 6 we, 
Ztit. anal. Chem., 4 , 359, 1865. For the ^tion of ammonium chloride on metallic sulphides, 
see P. de Clermont, Com.pt. rend., 88 , 972^ 1879. 

* G. Lunge, Zeit. angew. Chem.y 2 , 635, 1889; G. Lunge and H. von K61er, ib.y 7 , 670, 1894; 
C. Meineke, Itep. anal. Chem.y 7 , 214, 757, 1887. 

R. Fresenius, Anleitung zur quatilitativen chemischen Analyse, Braunschweig, 2 , 807, 
1905; R. Fittig, Zeit. anal. Chem.y 27 , 29, 1888; Liebig's Ann., 128 , 189, 1863; H. C. Dibbits, 
Zeit. anal. Chem., 15 , 245, 1876; Ber., 5 , 820, 1872; A. R, Leeds, Chem. News, 29 , 256, 
1874; D. Gernez, Compt. rend., 64 , 606, 1867; H. von Helmont, Zeit. anorg. Chem., 3 , 115, 
1892; C. F. Sidener and E. Pettijohn, Journ. Ind. Eng. Chem., 8 , 714, 1916; W. H. Withey, 
Joum. Inst. Metals, 15 , 207, 1916. 

* For the action of ammonium sulphate on glass, see M. Lachaud and C. Lepierre, Bull. 
Soc. chim., (3), 7 , 603, 1892. 

* The precipitated aluminium and ferric hydroxides sometimes appear to dissolve and 
pass through the filter-paper, particularly towards the end of a washing — C. F. Cross, Chem. 
News, 39 , 161, 1879; IS. Schirm, Collegium, 99, 1911. O. P. Baxter and R. A. Hubbard 
{Joum. Amer. Chem. 80 c., 28 , 1208, 1906) state “that the solubility of ferric oxide in ammonia 
is caused by the presence of some organic impurity in the ammonia,’' and they tried, without 
success, to reproduce the phenomenon by mixing methyl-, ethyl-, diethyl-, isoamyl-amines, 
ethylenediamine, aniline and phenylhydrazine with the ammonia. We have always attributed 
the phenomenon to a defiocoulation of the colloidal precipitate (page 85). See also p. 165, 
footnote 4. 
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redissolve it in hydrochloric acid and reprecipitate. For the reasons stated 
above, in no circumstances must the alumina precipitate be allowed to stand 
in its mother liquor unfiltered. 

Filtration of Gelatinous Precipitates. JJefore adding the ammonia, Dittrich ^ 
mixes the solution with macerated filter-pa])er ])ulp.2 This facilitates the 
washing of the gelatinous precipitate, aiid also the oxidation of the precipitate 
during the ignition. The process gives good results. The precipitate is rather 
bulky, and accordingly a larger filter-pa})er must be use(l, and also a larger 
crucible for the ignition. A certain amount of salt is adsorbed by the filter- 
paper, although Mansier ^ says that sodium chloride is not retained by the 
washed paper. Do not use paper pulp for bighly ferrugiiious clays, for reasons 
which will appear later (page 166). 

In order to coagulate gelatinous precipitates and make them easy to filter. 
Divine ^ recommends the addition of 6 c.c. of a 2-5 per cent, solution of tannin — 
the addition of 2 c.c. of the tannin solution, before adding the ammonia, works 
well. Guyard ® recommended the addition of glycerol; Palmer, stirring with 
one or two drops of albumen (white of egg), and heating to boiling; Liebermann 
uses starch in a similar manner; Warren, a few drops of an ethereal solution of 
pyroxylin; and Zulkowsky recommended shaking the liquid with one-third of 
its volume of ether. The ether entangles the precipitate and carries it to the 
surface. Home of these recommendations must be adopted with caution, on 
account of the tendency of organic substances to retard the precipitation of 
alumina (see page 384). Glycerol, for instance, is under certain conditions 
highly objectionable.** 

Influence of Fluorides on the Precipitation of Alumina.- \\\ the presence of 
fluorides the precipitation of aluminium hydroxide by ammonia is incomplete,'^ 
and this the more so, says Oavaignac,** in hot solutions than in the cold. It 
has also been stated that some aluminium may be lost by volatilisation as 


^ H. Jervis, Chem. Af ww, 78, 257, 1898; P. Ibbotson, Tfchnicft^ 2, 357, 1904; M. Dittrich, 
Bfr., 37, 1840, 1904. C. F. McKenna {Journ. Amer. Cht'tn. <SV., 21, 125, 1899; Chem. 
News, 79, 184, 1899) recommended the pa}K*r pulp pro(*e.ss for zinc sulphide in 1899; K. 
Murmann {Zeit. anal. Chem., 50, 742, 1911) recommends the addition of a little of the finest 
starch, mercuric sulphide or shredded paper for gtJatinous precipitates like aluminium 
hydroxide, manganese and zinc sulphides. 

* Paper Pulp for Filtration. — The pulp may be prepared for filtration in the following 
manner; — Crush Swedish filter -paper into small balls, put the balls into a large empty ceresine 
bottle. Add concentrated hydrochloric acid, and a little hydrofluoric acid. Seal up the 
stopper of the bottle with wax, and shake in a shaking machine for a couple of hours. Wash 
the resulting pulp free from acid by decantation. Keep the emulsion of pulp and water in a 
bottle for use. 

® M. Mansier, Rev. Internal. Falsif., 15, 115, 190.3. 

* R. E. Divine, Journ. Soc. Chem. Ind., 24, 11, 1905. 

* A. Guyard, Zeit. anal. Chem., 22, 426, 1883; L. Liebermann, ib., 14, 359, 1875; K. 
Zulkowsky, Chem. Zig., 8, 772, 1885; H, N. Warren, CAew. News, 61, 63, 1890; C. S. Palmer, 
Eng. Min. Journ., 80, 582, 1906. T. M. Chatard {Amer. J. Science, (2), 50, 247, 1870; (3), 
2, 416, 1871; Chem. News, 22 , 246, 1870; 24, 270, 1871) recommends the evaporation of 
gelatinous precipitates to dryness on a water bath, when it is claimed that chromic, ferric, 
aluminium, beryllium and titanium hydroxides, nickel carbonate, cerium, lanthanum and 
didymium oxalates become granular and easy to filter. The washing of these precipitates 
free from salts is then a difficulty. F. L. Hahn (Her., 65B, 64, 1932) says that aluminium, 
iron and chromium hydroxides arc precipitated from neutral solution in a dense, easily 
filtered form by using a mixture of sodium nitrite and sodium azide, NaN#, as precipitant. 

« A. Guyard, Bull. Soc. chim., (2), 31, 354, 1879. 

’ F. P. Veitch, Journ. Amer. Chem. Soc., 22 , 246, 1900; W. R. Bloor, ib., 29, 1603, 1907; 
L. J. Curtman and H. JDubin, ib., 34, 1485, 1912; F. W. Hinrichsen, Ber., 40, 1497, 1907; 
Zeit. anorg. Chem., 58, 83, 1908. 

* H. Oavaignac, Compt. rend., 158, 948, 1914. 
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fluoride but, according to Selch,^ this is not correct. A soluble aluminium 
fluoride is produced which is not completely decomposed by the ammonia. 
The reaction is represented by the equation: 

AIF3 + A1(0H)3 + 3NH4F 

The reaction therefore proceeds in both directions, and in all probability a 
soluble salt, (NH 4 ) 3 A 1 F 3 , is produced when much ammonium fluoride is present. 
The amount of alumina which remains in solution with increasing proportions 
of ammonium fluoride is shown in the graph, fig. 64, after Hinrichsen. 
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Fio. 64." Action of FI uorifies on ilie Pre- 
cipitation of Alumina (Hinrichsen). 
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Fig. 65, — Action of Sulphates on the Pre- 
cipitation of Alumina (Trickott). 


Hinrichsen further showed the danger of introducing fluorine into the solution 
when clays and similar substances are opened uj.) with sulphuric and hydro- 
fluoric acids, and when the silica is corrected by treatment with the same 
acids, because of the difliculty in driving off the last traces of the fluorine. 
In these cases the solution should be evaporated to dryness, and the residue 
calcined in order to transform the fluorides into oxides. There is then no 
difliculty with the fluorine. It is well, however, to remember the difficulty 
in eliminating hydrofluoric acid from alumina even after repeated evaporation 
with sulphuric acid.^ 

Influence of Sulphates on the Preeipitation of Alumina . — There is also a 
risk of alumina escaping ])recipitation in the presence of sulphates. A. B. 
Trickett, in our laboratory, has determined the amount of alumina which 
escapes precipitation in the presence of different amounts of ammonium 
sulphate, and his results are illustrated by the graph, fig. 65. Starting with 
the equivalent of 0*0077 grin, of alumina in solution, and increasing the amount 
of ammonium sulphate from 0*8 to 3*2 grms. (abscissae, fig. 65), the corre- 
sponding amounts of alumina in solution when an excess of ammonia is added 
are represented in the diagram. The presence of a large excess of ammonium 
chloride appears to reduce the amount of alumina which escapes precipitation 
in this manner. 

According to Wrinkle,® magnesia is much more liable to be precipitated 
with the alumina if sulphates be present. 


^ E. Belch, ZeM. anal. Chem.t 54 , .395, 1915. 

* H. Cavaignac, Compt. rend., 158 , 948, 1914. 

* h. F, J. Wrinkle, Chem. News, 22 , 4, 1870. According to H. Bley (Journ. pmkt. Chem., 
(f)* 39* b 1846), a certain amount of sulphuric acid or sulphate may also be dragged down 
with the precipitate. 
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§ 8o. The Theory of the Ammonia Precipitation. 

Les m^thixies employees pour le dosage et Ja separation des elements Fe, Ah Cr, 
Zn et Mn, basees sur T hydrolyse 8t>nt inexactea. — Cl. van Pelt. 

Many salt solutions are decomposed by the action of water. The pheno- 
menon is termed hydrolysis. Thus, bismuth and antimony chlorides with 
water form insoluble oxychlorides; mercuric sulphate forms a basic sulphate; 
and boiling solutions of ferric chloride form a mixture of ferric hydroxide and a 
basic ferric chloride, together with free hydrochloric acid.^ It is possible to 
draw up a list of salts where the phenomenon is marked and well-defined at 
one end of the series, and at the other end the hydrolysis is but ill-defined and 
feeble. In the former case the reaction is quantitative, and may be used in 
analytical separations; in the latter case the separations are incomplete. 

It will be seen that an acid is usually one product of the hydrolysis.* For 
instance, the hydrolysis of titanic sulphate is represented in symbols — 

TiCSOJg + 4H2O 2H2SO4 + Ti(0H)4 

Titanium hydroxide — Ti(OH)4 — is soluble in the free acid, but at first the 
rate at which the sulphate is decomposed is much greater than the rate of 
dissolution of the hydroxide by the acid. Hence, acid accumulates in the 
solution. As the acid accumulates in the solution, its effects become more and 
more marked, and finally, when the free acid has attained a certain concentra- 
tion, the speeds of the two reactions will be equal, and no further separation 
of the hydroxide will be observed, because it will be dissolved by the free acid 
as fast as it is formed. 

Similar remarks apply to salts of the tervalent metals, iron, aluminium and 
chromium,^ Their equilibrium conditions are symbolised: 

XCI3 + 3 HOH ^ X(0H)3 + 3 HC 1 

To drive the reaction completely from left to right it is necessary to remove 
the free acid as fast as it is formed. Several methods have been proposed. 

1 . By Weak Bases.— weak bases — aniline, ammonia, phenylhydra- 
zine, hexamethylenetetramine—are present, some of the liberated acid is con- 
verted into a neutral salt of the base.^ The concentration of the free acid is 
thus diminished, and a much greater proportion of the hydroxide will separate. 
If a sufficient quantity of the base be present to prevent the acid accumulating 
in the system, all the salt may be hydrolysed. The salt — say ammonium 
chloride, NH4CI — formed by the union of the base with the free acid may itself 
be hydrolysed by the water : 

H2O + NH4CI ^ NH4OH -H HCl 

Hence, there is a limit to the extent to which the base can neutralise the free 
acid. In the case of the alumina precipitation, there is nearly always enough 
free acid present to prevent the hydrolysis of the magnesium salts, whereas 
with aluminium, titanium, zirconium, chromium, beryllium, thorium, cerium 

^ For the hydrolysis of iron salts, see U. Antony and G. Gigli, Oazz. Chim. Ital., 26, 1, 293, 
1896; U. Antony, R&nd. Accad. lAncei, (5), 5, 197, 1896; H. M. Goodwin, Zeii. phys. Chem.» 
21, 1, 1896. 

* G. van Pelt, BiUl. 80 c. chim. Bdg., 28, 101, 1914. 

» For the precipitation of zinc salts with dimethylamine, see W. Herz, Zeit. anorg. Chem., 
26 t 90, 1901; and for magnesium salts with dimethylamine and piperidine, see W. Herz 
and K. Drucker, t6., 26, 347, 1901; W, Herz, ib., 27, 310, 1901; 30, 280, 1902: 
A. Hantsch, ib., 30, 289, 1902. 
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and ferric salts the liberated hydroxide can exist in the presence of the small 
amount of free acid produced by the hydrolysis of the ammonium salt. The 
complete separation of these hydroxides thus depends upon the extent to which 
the salt, formed by the combination of the freed acid with the base, is hydrolysed. 
With aniline more free acid will be formed in the system than with phenyl- 
hydrazine, and with phenylhydrazine more than with ammonia. Hence, 
hydroxides completely precipitated by ammonia may be only partially pre- 
cipitated by phenylhydrazine, and not at all by aniline. With beryllium 
chloride, for example, the hydroxide is completely precipitated by phenyl- 
hydrazine, but not by aniline, and ferric iron is precipitated by ammonia, but 
not by phenylhydrazine. The nature of the acid is of great importance, 
since the salts of one acid may be more susceptible to hydrolysis than the salts 
of another. Thus, complete precipitation may occur with beryllium chloride, 
while but a trace is precipitated with the nitrate.^ 

2. By an Insoluble Carbonate — Barium or Calcium. — The mechanism of the 
reaction is fairly simple here, the free acid, say hydrochloric acid, reacting as 
symbolised — 

BaCOg + 2HC1 = BaClg + COg + HgO 

and the chlorides of barium and calcium are very feebly hydrolysed in solution. 
The method is discussed on page 522. 

3. By a Mixture of Potassium lodate and Iodide. — This method, due to 
Stock,^ is based on the reaction : 

KIO3 -h 5K1 + 6HC1 = 6KC1 -f- SHgO 

Hence, aluminium hydroxide is quantitatively precipitated by the mixture in 
question : 

Al2(S04)3 + 5KI + KIO3 + 3H2O = 2A1(0H)3 -f 3K2SO4 + 3I2 

It was found advantageous to use either sodium thiosulphate or an excess of 
potassium iodide so as to prevent the separation of solid iodine. Stannous 
salts and those of chromium, cobalt, nickel, zinc and some of the rare earths 
also react quantitatively. The process does not work well with iron salts as 
ferric salts are reduced to the ferrous state by potassium iodide and ferrous 
salts are but little hydrolysed. 

4. By Sodium Acetate in the presence of Acetic Acid. — The reaction is here 
a little curious, for at first sight the mixture does not seem as if it would 
neutralise free acids. The sodium unites with the mineral acid liberated by 
the hydrolysis and the liberated acetic acid ultimately forms, say, ferric acetate, 
a salt which is virtually hydrolysed completely on warming the solution — vide 
p. 382. Acids other than acetic — e.g. formic, succinic and benzoic acids — can 
be used, but acetic acid is the favourite, and bases other than sodium — e.g. 
ammonium — have been tried. 

The general principles here indicated may, of course, be modified in special 
cases, because of the formation of double or basic salts. For instance, some 
authors attribute the effect of ammonium salts, in retarding the precipitation 
of magnesium hydroxide by ammonia, to the formation of the complex salt — 
— Mg(NH4)2Cl4 — which is not decomposed by ammonia. As a matter of fact. 


^ A. M. Jefferson, Joum. Amer. Chem, Soc., 24 , 540, 1902; B. L. Hartwell, ib., 25 , 1128, 
1903; E, T. Allen, 16 ., 25 , 421, 1903; W. H. Hess and E. D. Campbell, ib., 21 , 776, 1889. 

* A. Stock, Compt. rend., 130 , 175, 1900; S. B. Moody, Amer. Joum. Science, (4), 20 , 181, 
1905; (4), 22 , 176, 1906 ; 8 . H. Katz and C. James, Joum. Amer. Chem. 80 c., 36 , 779, 1914. 
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ammonia, in the absence of ammonium salts, precipitates half the magnesium 
as hydroxide, and the other half as the complex salt, Jt is then supposed that 
the addition of an arninonium salt dissolves the hydroxide with the formation 
of more Mg(NH 4 ) 2 Cl 4 . The accumulation of ammonium chloride ^ in the 
system will also lessen the amount of the hydrolysed salt.^ Similar remarks 
might be applied to manganese salts. With zinc,^ cobalt ^ and nickel ^ complex 
salts may be formed, so that both influences indicated above come into play. 

§ 81. The Determination of the Ammonia Precipitate. 

First Precipitation . — Two to three grams of solid ammonium chloride® are 
added to the filtrate from the silica, in a 400 c.c. beaker, and the solution is 
heated to 80° 90°.’ Aqueous ammonia is then added in sliglit excess.® 
The ammonia is added slowly and with constant stirring in order to prevent 
bubbles of gas violently projecting some of the hot liquid from the beaker. Let 
the precipitate settle for five minutes, but no longer, and then filter promptly 
through, say, a 12-5 cm. filter-paper,® and wash four times by decantation^® 
with a hot solution of ammonium nitrate in order to coagulate the gelatinous 
precipitate. The filter-paper is washed at the same time. 


^ J. M. Loveii, Zeil. tinorg. Chem.y ii, 404, 1896; F. P. Treadwell, ?7>., 37 , 326, 19(4; 
W. Herz and G. Aluhs, ib., 38 , 138, 1904; W. Herz, « 6 ., 21 , 243, 1899; 22 , 279, 19(K); 23 , 
222, 1900; 24 , 123, 1900; D. E. Dionisiey, Journ. Hnsii. Phy.s'. Ckem. So(\^ 45 , 905, 1913. 

* Usually the solution contains sufficient hydrochloric acid to form enough ammonium 
chloride w'itli the ammonia to prevent the precipitation of the magnesium hydroxide. A. A. 
Noyes, W. C. Bray, and E. B. Spears {Tech. Quart., 21 , 14, 1908; Journ. Amer. Chem. Sac., 
30 , 481, 1908) state that 0-005 grm. of magnesium chloride made up with 5 c.c. of hydro- 
chloric acid (sp. gr. 112) to KXl c.c. gave no precipitate wdth 40 c.c. of ammonia (sp. gr. 
0-96), but a precipitate appeared with 50 c.c. of ammonia. 

^ W. Herz, Zeif. anorg. Chem., 25 , 225, 19(H»; W. Gaus, ib., 25 , 236, I 9 (M); VV’. Bonsdortf, 
ib., 41 , 132, 1904; H. Euler, Her., 36 , 3400, 1903. 

^ A. Werner, Ber., 40 , 15, 1907. 

® H. AI. Dawson and J. M'Crae, Journ. Chem. Hoc., 77 , 1239, 19(H); W. Bon.sdorff, Zeit. 
anorg. Chem., 41 , 132, 1904; M. KonowaloJT, Chem. Centr., ( 1 ), 646, 1900. 

® The object of the ammonium chloride is to retard the preiupitation of magnesium and 
manganese liydroxides, as indicated above. 

’ W. E. Taylor {Chem. Nemji, 103 , 169, 1911) claims that adding the ammonia to the 
solution at 66 ^, and then raising the temperature to the boiling-point, gi^'es a more granular 
precipitate than adding ammonia to the boiling solution. 

® W. Blum {Journ. Amer. Chem. Soc., 38 , 1282, 1916) states that complete precipitation 
occurs at pu 6-5 to 7-5, Hence, to the solution he adds 5 grams of ammonium chloride and 
a few drops of a 0-2 per cent, alcoholic solution of phenol red. Ammonia is then added to 
the boiling solution until the colour turns red. The use of the term excess’* in analytical 
chemistry often misleads beginners. It is comparatively rare to find reactions in which 
complete precipitation is effected by adding the theoreti< al amount of the precipitating agent. 
When such reactions are knowm, they generally make useful volumetric processes. In most 
cases, more of the precipitating agent must be added than satisfies the regular type of 
equation representing the reaction. The term “earce.?#” mexins that enough precipitating agent 
must be added to ensure complete precipitation — and no more. As J. W. Mallet used to say, 
ad maxima per minima. Analytical chemistry has not yet reached that stage where it can 
answer, for each reaction, the following types of question: What amount constitutes an 
excess ? How does this excess differ when different salts are present ? Does the presence 
of certain salts diminish the amount of the “excess” needed? 

• For china clays use a 12-5 cm. paper; for Cornish stone, an 11 cm. paper; and for glazes 
and siliceous clays, a 9 cm. or even a 7 cm. paper will be ample ; see page 79. 

With many clays the precipitate settles too slowly for waging by decantation. 

Ammonium Niteate Solution. — Neutralise 20 c.c. of concentrated nitric acid with 
ammonia, and dilute to a litre (R. Bunsen, Liebig's Ann., 106 , 13, 1858; S. L. Penfield and 
D. N. Harper, Amcr. J. Science, (3), 32 , 112, 1886 ; Chem. News, 54 , 90, 102, 1886; L. Muraviev 
and O. Krassnovski, Zeit, anal. Chem., 69 , 389, 1916). A few drops of litmus will indicate 
whether the solution be acid. An acid solution is, of course, fatal to success. 
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Second Precipitation. — A hole is made through the apex of the filter«paper 
and as much as possible of the precipitate is washed through into the beaker 
from which it has just been filtered. Hot dilute (1:1) hydrochloric acid is 
then run through the filter-paper into the beaker; finally the i)aper is washed 
free from chlorides and retained for subsequent ignition. The precipitate 
dissolves in the acid solution and washings from the filter-paper.^ The pre- 
cipitation with ammonium chloride and ammonia is repeated. The precipitate 
is washed as before four times by decantation, with the ammonium nitrate 
solution, the washings being passed through another filter-paper. The 
precipitate is then transferred to this filter-paper, ^ and washed with the hot 
solution of ammonium nitrate until the washings are free from chlorides when 
a few drops of them, acidified with nitric acid, are tested with silver nitrate.® 
It is highly important to note that the ammonia precipitate must never be 
allowed to run dry during washing, otherwise it is practically impossible to 
remove the last traces of chlorides. 

Recovery of Alumina and Silica from the Filtrate. — Towards the end of the 
washing, a re-solution of part of the alumina precipitate sometimes takes 
place.^ In any case some alumina and silica® are generally found in the filtrate. 
These must be recovered. Evaporate the filtrate to about 50 c.c.,® add 2 to 3 
c.c. of ammonia and boil off all but the last traces of ammonia. The precipitate 
is now filtered through a 7 cm. filter- paper and washed free from chlorides with 
hot ammonium nitrate solution. The filtrate and washings, which are used for 
the determination of lime and magnesia, are collected in a 250 c.c. beaker.'^ 

Ignition of the Precipitate. — After the precipitates have drained, the three 
filter-papers and their contents are transferred, while still moist, to the platinum 
crucible containing the residue from the silica.® The precipitate and papers 
are gently heated above a Bunsen burner, fitted with a mushroom head, until 


^ Freshly precipitated aluminium and ferric hydroxides are readily soluble in dilute acids, 
but after standing a short time they take a long time to dissolve — M. Jeannel, Compt. re/nd.^ 
66 , 799, 1868; d, Attfield, Chem. News, 17 , 303, 1868. Hence the need for speedy work. To 
facilitate the solution of gelatinous precipitates, F. A. Gooch {Amer. J. Science. (4), 20 , 11, 
1905; Chem. News, 92 , 64, 1905) uses a cone of platinum gauze between the filter-paper and 
the precipitate. Most of the precipitate can then be lifted with the cone from the paper and 
transferred to the beaker for solution — P. T. Austen, Chem. News, 38 , 88 , 1878. 

* Instead of the “policeman,” a swab made from a quarter of a 7 cm. paper may be 
rubbed against the sides of the beaker and transferred to the filter-paper. The swabbing is 
repeated with each of the other three quarters. 

® For the difficulty in washing out the last traces of chloride, see L. T. Wright, Joum. 
Chem. Soc., 43 , 156, 1883. 

* When water alone is used for washing, or if the ammonium nitrate solution becomes 
acid. For the solubility of aluminium hydroxide in water and ammonia solutions, see 
G. Jander and O. Ruperti, Zeit. mmrg. Chem., 153 , 253, 1926, and page 158. 

* For the solubility of silica in aqueous ammonia, and water, see W. Skey, Chem. News, 
17 , 165, 1868; A. M. Edwards, ib., 73 , 13, 1896; R. Pribram, WittMem's VierUL, 16 , 30, 
1867; Chem. News, 17 , 227, 1868; A. Souchay, Zeit. anal. Chem., ii, 187, 1872; G. Karsten, 
Pogg. Ann., 6 , 357, 1826. 

® It is best to evaporate the main filtrate and washings separately. The w'ashings are 
taken to dryness, and the ammonium salts driven off. 

’ F. Muck {Zeit. anal. Chem., 19 , 140, 1880) recommends removing the sodium and 
potassium chlorides which accumulate in the solution — particularly after the “ basic acetate 
separation” (page 381) — by evaporating the solution to dryness, dissolving the residue in 
concentrated hydrochloric acid, and washing the residual salts with concentrated acid on a 
glass-wool filter. There is, however, rarely any occasion for this operation. Ammonium 
salts are usually removed by evaporation to dryness and direct volatilisation, or by heating 
with nitric acid (H. Jervis, Chem. News, 86, 271, 1902), or with some nitrous acid (P. Jannasch, 
Journ, prakt. Chem., (2), 72 , 38, 1906). 

■ For the effect of ammonium chloride, see H. W. Daudt, Joum. Ind. Eng. Chem., 7 , 847, 

1915. 
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quite dry/ and then the heat is increased to char the papers. The mushroom 
head is removed, the crucible * placed in a slantwise position on the triangle, to 
permit free access of air, and heated to red heat until all the carbon is burnt 
off. This is followed by 15 minutes* blasting, or heating over a Meker burner, 
with the lid of the crucible on. The alumina is not properly dehydrated if 
heated on the ordinary Bunsen burner.® Let the crucible cool in a desiccator. 
Moisten the cold mass with a drop of concentrated nitric acid, and heat gently 
until no more fumes are evolved. Re-ignite, cool and weigh The weight of 
the crucible and contents, less the weights of the empty crucible, the “extra” 
silica (see page 167) and the ashes from the filter-papers, used in the silica and 
alumina determinations,® gives the weight of the alumina, ferric oxide,® titanic 
oxide and phosphoric oxide (if present) in the precipitate.’ When much ferric 
oxide is present, the results will be low, owing to the reduction of ferric oxide 
if a covered crucible, placed vertically, is surrounded by the flame. Hence it 
is important to place the crucible so that there is a free circulation of air inside.® 
Dissolution of the Ignited Precipitate , — The precipitate dissolves so slowly 
in acids that it is necessary to fuse the ignited precipitate with about six times 


^ With highly ferruginous clays it is best to dry the precipitate in an air bath at about 1 10'’, 
and ignite the paper separately in order to prevent the reduc5tion of the ferric oxide by the 
carbon of the paper. The magnetic oxide of iron formed by the reduction cannot easily 
be re-oxidised to FcgOg, since it is protected from the air when buried in the alumina. Alumina, 
however, “decolorises” the ferric oxide and retards the reduction to magnetic oxide (H. 
Warth, Chem. News^ 84, 305, 1901); indeed, a mixture of alumina with 6*8 per cent, of 
Fe304 after ignition contained only ferric oxide. If the alumina has been precipitated with 
paper pulp, this precaution is not required, since the precipitate is then fine enough and open 
enough to re-oxidise readily, even if it be partly reduced. W. Suida {Tschermak 8 MitL, (1), 
5, 176, 1876) has sho^^Ti that ferric oxide is stable on calcination in a Bunsen burner if reducing 
agents be excluded (H. Rose, Pharm, Cenfr., (1), 19, 488, 1848). C. Bodewig (Zeii. KrysL, 7, 1 76, 
1883) states that there is always a certain amount of reduction in platinum crucibles, even when 
the crucible is but half covered with a sloping lid, since the ignited precipitate, when taken up 
with hydrochloric acid, gives a blue coloration with potassium ferricyanide. H. St C. Deville 
and L. Troost (Compt, rend., 56, 977, 1863) have shown that platinum is permeable to the 
flame gases at high temperatures (see page 396). Bodewig prefers to ignite the precipitate 
in a porcelain crucible, moisten with nitric acid, dry, ignite and weigh. This sequence of 
operations is repeated a second time. The oxide thus obtained is said to be free from ferrous 
oxide. L. Vasarhely {Zeit. anal. Chem., 53, 688, 1914) recommends ignition in a Rose’s 
crucible in a current of oxygen to prevent the formation of magnetite. 

* H. von Jiiptner {Chem. Zig., 13, 1303, 1889) has devised a little asbestos cover for 
crucibles which accelerates the combustion of filter-papers and of organic matter during 
ignitions. 

® A. Mitscherlich, Zeit. anal. Chem., i, 67, 1862; E. T. Allen and V. H. Gottschalk, Amer. 
Chem. Joum., 24, 292, 1900; E. T. Allen and H. F. Rogers, i6., 24, 304, 1900; W. Biltz, Zeit. 
angew. Chem., 43, 370, 1930; K. Zimmermann, Chem. Weekb., 31, 317, 1934; but see page 163. 

* For the hygroscopicity of ignited alumina, see G. A. Kail, Sprechmal^ 59, 313, 1926; 
H. S. Taylor and A. J. Go^d, Journ. Amer. Chem. Soc., 56, 1685, 1934. 

® Note that the two filter-papers from the silica filtration have been in contact with acid 
liquids, and the three papers from the alumina filtration with alkaline liquids — see p. 79, 
Table XIII. The ash from high-grade filter-papers is not necessarily free from silica. The 
amount is usually so small that no appreciable error is introduced by deducting the total 
weight of the five filter ashes from the weight of the ammonia precipitate, though the silica 
from the papers used in the silica filtration will have been eliminated during the evaporation 
to dryness with hydrofluoric acid. 

* Ferric oxide sometimes stains the platinum crucible badly (see page 98). This stain 
can generally be removed by letting the crucible stand overnight in contact with concentrated 
hydrochloric acid, and then warming it for a short time. Fused potassium bisulphate or 
pyrosulphate will also clean ofi the iron stain. 

’ Here, too, will be found, if present : columbium, tantalum, tungsten, zirconium, hi^nium, 
beryllium, chromium, thorium and the rare earths. In the rare event of a determination of 
these constituents being required, see the later pages of this work. 

* E. Selch {Zeit. anal. Chem., 54, 467, 1916). 
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its weight of potassium pyrosulphate.^ The preliminary heating, especially if 
potassium bisulphate be used in place of the pyrosulphate, must be very gradual 
in order to avoid loss by the spattering of the fused mass.^ The covered 
crucible is heated over a small flame until the contents are melted. The 
crucible is then raised six or nine inches above the flame, when the moisture 
can then be driven off without danger. The crucible can be lowered nearer the 
flame in a short time,^ If any particles of the precipitate adhere to the sides, 
wash them down by imparting a rotary motion to the contents of the crucible, 
or tilt the crucible a little to permit the fused salt to act on the grains. Slowly 
raise the temperature until the bottom of the crucible shows faint redness, but 
watch carefully to prevent frothing. If the crucible be lifted away with the 
tongs, and the contents of the cooling crucible be watched in a good light, it 
will be easy to see through the transparent mass if all is dissolved. Heat the 
crucible a few minutes more, even if all has dissolved.^ Cool by placing the 
crucible on a cold slab. When cold, half-fill the crucible with cold water and 
heat it over the tip of a small flame. The cake soon comes away from the 
crucible. It is then dissolved in water containing about 10 c.c. of concen- 
trated sulphuric acid.® The cake dissolves quicker on warming, but if the 
solution be boiled, titanium oxide may be precipitated. It is well to know 
how much acid and pyrosulphate have been used, so that an allowance can be 
made later on when dealing with the titanium. 

Correction for Silica . — The solution formed by the dissolution of the cake is 
evaporated on a water bath to a small volume and then heated on a sand bath 
until fumes of sulphuric acid come off copiously.® Sufficient sulphuric acid 
should be present to form a paste when the mass is cold. The residue is 
digested at a low temperature (40° to 50°) with water on a water bath until 
all the sulphates have passed into solution, and the silica which separates is 
then filtered off, washed, ignited and weighed."^ The weighed residue is 
treated with hydrofluoric acid, as indicated on page 149, ignited and re- 
weighed. The difference in the two weighings is called the ‘‘extra silica”; its 


^ Where a pyrosulphate fusion has not been preceded by a hydrofluoric acid evaporation, 
a silica crucible can be advantageously used instead of a platinum one. — W. R. Schoeller, 
Analyst^ 56 , 305, 1931; A. K. Lyle, Journ. Amer. Cer. Soc.^ 15 , 334, 1932. 

* The pyrosulphate gives less trouble in this respect, but only the purest grade obtainable 
must be used. In particular the salt must be free from iron compounds and silica, both of 
which are fatal to accurate work. To convert potassium bisulphate to the pyrosulphate, 
melt the bisulphate in a platinum dish, and when the spluttering has ceased and white fumes 
begin to come off freely, pour the fused mass into another dish. When cold, the pyrosulphate 
can be easily broken into pieces and bottled. J. L. Smith {Amer. J. Science, (2), 40 , 248, 1865) 
preferred the sodium salt. It acts more rapidly than the potassium salt, and also forms a 
more suitable cake. It is, however, liable to crust over during the fusion; and the cold cake 
is not so easily detached from the crucible as when potassium pyrosulphate is used. It can 
be adopted with advantage. E. Deussen {Zeit. anorg. Chem., 44 , 423, 1905) recommended 
acid potassium fluoride with the idea of eliminating the solvent action of the pyrosulphate 
on the platinum. This salt is not to be recommended in accurate silicate analyses, because 
( 1 ) the “extra silica” is lost; and ( 2 ) the fluorine, unless expelled, later on interferes with 
the permanganate titration and the titanium determination. 

* Half an hour, if potassium bisulphate be used instead of the pyrosulphate. 

* If the mass be heated too strongly and normal potassium sidphate be formed, the small 
contraction of the cooling sulphate and the relatively large contraction of the crucible may 
cause the crucible to burst. 

* E. Hart {Joum. Anal. App. Cfiem., 2 , 410, 1888) adds concentrated sulphuric acid in 
excess and warms the mixture until the mass is dissolved. When cold, dilute with water and 
neutralise the excess of acid with sodium carbonate. 

* W. F. Hillebrand, BvU. U.8. Oed. Sur., 700 , 117, 1919. If the mass darkens, platinum, 
derived from the crucible during the bisulphate fusion, is separating. 

» See also J. A. PhilUps, Phil Mag., (4), 41 , 87, 1871. 
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weight is to be subtracted from the weight of the precipitate, as indicated on 
page 166, and added to the corrected silica of page 151. The residue in the 
crucible is fused with a little more pyrosulphate, and the cold mass, after 
dissolving in dilute sulphuric acid, added to the main solution,^ which is made 
up to 250 c.c. in a graduated flask. 

Correction for Barium. — If traces of barium be retained by the silica and 
the alumina precipitates they will be found in the residue in the crucible left 
after determining the '‘extra silica.” Hence, if l)arium be present it will 
remain as insoluble sulphate when the cake from the pyrosulphate fusion is 
dissolved up. In such cases the barium sulphate is collected on a 7 cm. filter- 
paper, washed, ignited and weighed (page 703). ^ The filtrate is then added to 
the main solution. 

Correction for Platinum from the Crucible.-- h\ exact analyses provision for 
the removal of platinum should always be made after a pyrosulphate or a 
bisulphate fusion. Platinum is readily precipitated from hot sulphate solutions 
by hydrogen sulphide and subsequent ignition of the washed precipitate leaves 
metallic platinum. Some platinum may be found in the filtrate from the silica, 
but it is not usually necessary to remove it at this stage of the work. Hence 
all the platinum is not necessarily derived from the crucible during the pyro- 
sulphate fusion, and, in consequence, if the platinum be weighed in the same 
crucible as that in which the bisulphate fusion was made, any excess over that 
lost by the crucible should be deducted from the alumina.'^ 

Errors. — Eight independent determinations, using the same clay as that 
mentioned on page 151, gave the following numbers for the ‘‘ammonia” 
precipitate : — 

0-2460; 0-2452; 0-2474; 0-2458; 0-2447; 0-2461; 0-2465; 0-2457, 

with a mean value of 24-59 per cent., and a deviation of a})proximately :L.0-13. 

The chief sources of error are: (1) Imperfect precipitation of the alumina 
and iron; ^ (2) Imperfect washing of the precipitate; (3) Precipitation of lime 
owing to the use of ammonia contaminated with ammonium carbonate (v. 
page 158); (4) Imperfect dehydration; (5) Variable state of oxidation of the 
iron on ignition; (6) Contamination with silica subsequently dissolved in the 
bisulphate fusion. The imperfect washing is probably the most serious error. 
The alumina determination is the pons asinorum of clay and silicate analysis.^ 

The iron (page 169), manganese (page 394), phosphoric oxide (page 672), 
and titanium (page 189) are now determined in aliquot portions of the acid 
solution of the pyrosulphate fusion. The corrections for vanadium, rare 
earths, beryllium, uranium and chromium are discussed in the chapters dealing 
with these elements. 


^ According to W. F. Hillebrand {Jr/urn. Amer. Ckrm. Sor,., 24, 369, 1902; Chem. News, 
86, 90, 1902), from one to two milligrams of silica still remain in solution and escape recovery. 

• If an appreciable amount be prewnit, it is well to prove that it really is barium sulphate 
by fusion with sodium carbonate, etc. If phosphoric acid be present, some titanium phos- 
phate may be precipitated, and this may be mistaken for barium sulphate. 

» L. Brandt, Chem. Ztg., 39, 553, 1915. 

^ G. Jander and E. Wendehorst, Zeit. angev). Chem,, 35, 244, 1922; G. Jander and B. 
Weber, Zeit. anorg. atlgern. Chem., 131, 266, 1923. 

® For a critical study of the determination of aluminium, see L. A. Congdon and J. A, 
Carter, Chem. News, 128, 98, 1924; also J. E. Clennell, Journ. I ml. Meials, 28, 253, 1922; 
Jmm. Soc. Chem. Ivd., 41 , 418 b, 1922; Mining Mag., 22, 88, 1920. 



CHAPTER XIV. 


THE DETERMINATION OF IRON. 

§ 82. The Determination of Iron. 

There is a wide choice of methods for the determination of iron depending upon 
volumetric, colorimetric or gravimetric processes. In volumetric ])rocesses 
the ferric iron may he reduced to the ferrous coTidition by reagents such as 
stannous chloride, metallic zinc, copper,^ hydrogen sulphide or chromous 
sulphate. 2 The special features of the different processes of reduction here 
recommended are indicated later. The ferrous salt is re-oxidised to the 
ferric condition by a standard solution of potassium permanganate, potassium 
dichromate or ceric sulf)hate. The iron can also be determined volumetrically 
while in the ferric condition by titration with titanous chloride, which reduces 
the ferric to the ferrous condition during the titration.^ Stormer ^ has com- 
pared permanganate and dichromate titrations with Rothe’s ether process and 
pronounces in favour of the permanganate titration. The pernianganate 
process has long been a favourite on account of its simplicity, accuracy and 
elegance, and it is the best process to use when the conditions are favourable; 
but unfortunately, as we shall soon see, it is not always satisfactory in clay 
analyses. The colorimetric process (page 185) has the advantage that the iron 
is directly determined in the ferric condition, without reduction, and it is quite 
satisfactory, both in speed and accuracy, for general work on clays containing 
less than about 5 per cent, of ferric oxide. For gravimetric processes, see 
pages 503 et seq. 

§ 83. The Reduction of the Ferric to Ferrous Salts for the 
Permanganate Titration. 

Reduction hy Metallic Zinc or Magnesium, —Zinc, in spite of many objections, 
is the favourite method of reduction. The filtrate from the bisulphate fusion 
is treated with iron-free zinc ^ and dilute sulphuric acid until a drop removed on 


^ G. Scagliarini and P. Prateai, Ann. Chim. applimta, 19 , 85, 1929. 

® W. M. Thornton, jun., and J. F. Sadusk, jun., Jnd. Eng, Chem, Anul. Ed., 4 , 240, 1932. 

* A. Purgotti titrates ferric solutions with an acid solution of molybdenum oxide — MojOg 
(Gazz. Chim: lial, 26 , ii., 197, 1896). 

♦ M. Stormer, Tonind. Zig., 32 , 1609, 1908; R. Davidson, Journ, Soc. Chem. hid., 6 , 421, 
1887; P. I.iehnkering, Zeit. dffent. Chem., 4 , 459, 1898. 

® It is not easy to get zinc free from iron and carbon. G. F. Rodwell {Chem, News, 3 , 4, 
1861) found that zinc contained about 1*3 per cent, of a black insoluble residue consisting of 
about 0*5 per cent, of carbon along with some lead and iron. Carbon, if present, decolorises 
a certain amount of permanganate, and gives high results ( J, B. Mackintosh, Chem, News, 50 , 
75, 1884). It is generally advisable to make a blank test with, say, 10 grms. of the zinc, and 
thus find a correction for the zinc used in the reduction. If the zinc be pure, it dissolves very 
slowly in acids, and even when the pure zinc is in contact with platinum a reduction may 
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a glass rod gives no reddish-brown coloration with a drop of ammonium thio- 
cyanate. This method is convenient and extensively used when the titanium 
is ignored. 

The solution under investigation is placed in an Erlenmeyer flask. The 
solution should not contain more than about 0*1 grm. of Fe 203 per 100 c.c.^ 
Add some thin flakes of granulated zinc, or, better still, two or three portions of 



Fig. 66. — Bunsen’s Valve. Fig. 67. — Binder’s Valve. 


stick magnesium.^ Add sufficient sulphuric acid to make a solution containing 
about 17 per cent, of H 2 S 04 .^ The flask is closed with a one-hole rubber 
stopper fitted with a Bunsen’s (fig. 66) or a Binder’s valve (fig. 67),^ or, better, 

occupy 24 hours. L. Moyaux Ujiir. Mines, (1) 25, 148, 1860) recommends amalgamated 
zinc. Amalgamated zinc in contact with platinum is better, but the acdion may stop owing 
to the amalgamation of the platinum during the action (A. L. Beebe, Chern, News, 53, 260, 
452, 1886). To amalgamate zinc, shake it in a flask with a solution of mercuric sulphate in 
2-5 per cent, sulphuric acid (1 grm. metallic mercury per 100 grras. of zimO. Wash the metal 
several times with 2*5 per cent, sulphuric acid, and Anally with water. Se^e also footnote 1, 
p. 184. G. T. Morgan {Analyst, 26, 225, 1001; J. H. Gladstone, Cheni. News, 32, 75, 105, 
1875; J. H. Gladstone and A. Tribe, ib,, 32, 150, 1875) recommends a zinc-copper couple in 
a 3 per cent, solution of sulphuric acid. The zinc-coppt^r couple is made by immersing, say, 
8 grms. of granulated zinc in 200 c.e. of a 10 per cent, solution of copper sulphate. The 
action is said to be much more rapid than wdth zinc alone. For the aluminium reduction in 
hot solutions, see F. J. R. Carulla, Journ. aSoc, Chew. Ind., 27, 1049, 1908; W. H. Beamon, 
Chem. Eng,, 8, 124, 1908; C. L. vSehumann, Journ, Ind. Eng. Chern., 7, 431, 1915. Aluminium 
foil does its work more rapidly than zinc, but it too must be corrected for iron. Magnesium 
ribbon is generally free from iron, phosphorus and sulphur. It reduces much more rapidly 
than zinc (S. Kern, Chem. News, 33, 112, 1876; H. N. Warren, ib., 60, 187, 1889), but 
is liable to float on the surface of the solution. This f)bjection does not apply to sticks 
of metallic magnesium, which is in many ways preferable to zinc — but the cost is a little 
greater. A. Gemmell {Analyst, 35, 65, 1910) recommends zinc-aluminium and magnesium- 
aluminium (magnaliura) alloys for some reductions. For reductions with palladium -hydrogen, 
see L. Kritschewsky, TJeber die Anwendung de^ metallischen Wasser staffs in der analyiisehen 
Chemie, Bern, 1885; W, H. Gintl, Zeit. angew. Chem., 15, 424, 1902; A. C. Chapman, Analyst, 
29, 346, MK)4. For the efficiency of different reducing agents, see A. C. Chapman and H, D. 
Law, ib., 31, 3, 1906. For reduction with metallic copper, see L. Storch, Ber. Oerter. Ges. 
Forder. Chem. Ind., 15, 9, 1893; W. C. Birch, Chem. News, 99, 273, 1909. J. C. Hostetter 
{Journ. Washingtem AcmJ. Set., 3, 429, 1913; Chem. News, 108, 239, 1913) and H. C. Allen 
{Journ. Amer. Chem. 80 c., 36, 937, 1914) recommend reduction by electrolysis. For reduction 
by cadmium amalgam, see J, H. Capps and O. W. Boies, Journ. Phy. Chem., 19, 65, 1915. 

^ A. Mitscherlich {Zeit. anal. Chem., 2, 72, 1863) says that there is a danger of loss owing 
to the precipitation of some metallic iron on the zinc — N. W. Fischer, Pogg. Ann., 9, 266, 
1827. The iron dissolves when the last trace of zinc dissolves. There is, however, no danger 
under this head when the solutions are diluted and acidified as indicated in the text. £. Mtiller 
and G. Wegelin {Zeit. anal. Chem., 50, 615, 1911) note the danger indicated by Mitscherlich, 
and recommend reducing the ferric iron by adding 5-10 drops of N-CUSO4 and warming the 
solution with amalgamated zinc rods for a couple of hours. 

‘ 10 grms. of metaUiczinc, or 4 grms. of metallic magnesium, usually suffice for reducing 
0*1 grm. of ferric oxide. 

* That is, about 20 c.c. of concentrated sulphuric acid per 100 c.c. of the solution (sp. gr. 
1*8). Note the amount of acid already present in the solution. A. Lecl^rc (Journ. Pharm, 
Chim,, (7), 7, 587, 1913) adds ammonium sulphate, since the ferrous ammonium sulphate 
formed oxidises much less quickly than ferrous sulphate solutions. 

* For a Bunsen’s valve (fig. 66), fit the hole in the stopper with a short piece of glass tubing 
(a, fig. 66), to which is attached a piece of indiarubber tubing plugged at the other end with a 
piece of glass rod (b). The rubber tubing has a longitudinal slit (cd). It readily permits the 
outflow of gas, but offers some opposition to the back flow of air. The valve will sometimes 
hold so well that the flask will break before the valve gives way, particularly when the contents 
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with a Kempf’s or a Schiebler’s gas-washer as guard tube.^ These vessels are 
glass bulbs fitted inside with a syphon tube as shown in fig. 68. When the iron 
is reduced, an aqueous solution of sodium bicarbonate is poured into the bulb 
until the free end of the inner tube just dips below the surface. As the flask 
cools, the bicarbonate solution is drawn into the flask, and carbon dioxide is 
given off. When equilibrium is established, the contents of 
the flask are well protected from the air by the carbon dioxide. 

The flask may be warmed to facilitate the reduction. The 
reduction is complete when a drop of the solution gives no red 
coloration with a drop of ammonium thiocyanate.^ The flask 
may be heated until all the zinc is dissolved; ® or the undis- 
solved zinc and carbon may be filtered off through glass-wool. 

There is, however, a great risk of re-oxidation during the 
filtration. If the titanium is to be neglected, the solution can 
be titrated at once with standard permanganate as described 
below. 

Effect of Titanium . — When titanium is present,^ the zinc 
reduces, more or less completely,® the titanic oxide to titanium 
sesquioxide : 2 Ti 02 ^Ti 203 . The latter is re-oxidised to titanic 
oxide, Ti02, ^iuring the permanganate titration.® In con- 
sequence, more or less ’ titanium is estimated as if it were 
iron. It is by no means uncommon to find clays with J to 4 per cent, of titanic 
oxide, and such clays would be reported with \ to 4 per cent, of ferric oxide 


of the flask have been heated and allowed to cool with the Bunsen’s valve in position. R. 
Fresenius, AnUitung zur qunntiiaiiven cheminchen Analyse.^ Braunschweig, 278, 1853; A. 
Krdnig, Pogg. Ann.y 122 , 170, 1864; C. B. Bostock, Chem. News^ 57 , 213, 1890; U. Kreusler, 
Zeit. anal. Chem.y 24 , 393, 1885; (). Binder, ib., 27 , 178, 1888; O. Heitmar and A. 8 tutzer, 
Rep. anal. Chem., 5 , 232, 1885; L. R. Milford, Journ. Ind. Eng. Chem., 4 , 845, 1912. The 
construction of Binder’s valve will be obvious from fig. 67, where r represents a small aperture 
in the side of a glass tube closed at one end ; and ah, a piece of rubber tubing. 

^ T. Kempf, Zeit. anal. Chem., 7 , 442, 1868; W. T. K. Stock, Chem. News, 39 , 46, 1879; 
R. Jahoda, Zeit. angew. Chem., 2 , 87, 1889; H. Gockel, ib., 12 , 620, 1899; Chem. Ztg., 
37 , 235, 1913; A. Contat, ib., 22 , 298, 1898; M. Spang, ib., 36 , 14fe, 1912; M. Mittenzwey, 
Journ, prakt. Chem., ( 1 ), 91 , 86 , 1864. Several other devices have been used. 

* Tliis test will indicate one part, of iron in 1,600,000 parts of water — A. Wagner, Zeit. 
anal. Chem., 20 , 349, 1881 ; E. F, Smith {ib., 19 , 350, 1880) says 1 in 80,0(X),000. A. Ebeling 
{Zeit. offent. Chem., 8 , 144, 1901) adds potassium thiocyanate to the solution under 
reduction; J. Volhard {Zeit. angew. Chem., 14 , 609, 1901) says Ebeling's method is not 
trustworthy, because ( 1 ) nascent hydrogen reduces the thiocyanate and leads to low results; 
( 2 ) any excess of thiocyanate leads to an inert^ased consumption of the permanganate. 

* According to M. M. P. Muir {Chem. News, 97 , 50, 1908), the addition of 100 c.c. of a 
saturated solution of mercuric sulphate stops the reaction. Meecitric Sulphate Solittion. — 
Mix 20 grms. of mercuric sulphate with 8 c.c. of concentrated sulphuric acid, and stir up 
the pasty mass with 80 c.c. of water. If a yellow precipitate separates, add more sulphuric 
acid. Note the danger suggested by Mitscherlich, page 170. 

* The solution reduces more quickly apparently owing to the catalytic action of titanic 
oxide. 

® See page 181. G. Scagliarini and P. Pratesi (Ann. Chim. appUcata, 19 , 85, 1929) have 
shown that if the reduction is effected by metallic copper, none of the tetravalent titanium 
is reduced. 

* F. O. von der Pfordten, Liebig's Ann., 234 , 257, 1886; 237 , 201, 1887; F. Pisani, 
Compt. rend., 59 , 289, 1864; A. Gemmel, Armlyst, 35 , 198, 1910; C. Marignac, Zeit. anal. 
Chem., 7 , 112, 1868; E. Wiegand, iJb., 21 , 610, 1882; H. A. Weils and W. L. Mitchell, Journ. 
Amer. Chem. Roc., 17 , 78, 1896; G. Gallo, Atti Accad. Lined, (5), x 6 , i., 625, 1907; H. D. 
Newton, Amer. J. Science, (4), 25 , 130, 1908; Chem. News, 98 , 134, 1908; F. W. Hinrichsen, 
Chem. Ztg,, 31 , 738, 1907; E. Kneoht and E. Hibbert, Analyst, 36 , 96, 1911. 

^ **More or less” because, while acid solutions of ferrous sulphate oxidise slowly on 
exposure to air, titanous sulphate oxidises very quickly, and this oxidation is the principal 
dimcxdty in the volumetric determination of titanium by this reaction. 



Fig. 68.— 
Schiebler’s 
Guard Tube. 
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more than that actually present. This is a serious matter.^ If, therefore, the 
zinc reduction be adopted, the titanium should be re-oxidised by adding a little 
bismuth oxide to the reduced solution. According to Gooch and Newton,^ 
this treatment will oxidise the TigOg without affecting the ferrous salt. The 
reduced solution should be filtered in order to remove the unreduced bismuth 
oxide and bismuth. In illustration of the effect of bismuth oxide, Gooch and 
Newton quote the following test experiments: — 

Table XXIX, — Effect of Bisrmith Oxide in Inhibiting the Effect of 
Titanium in the Permanganate Process for Iron, 


Grm. TiOa 

Grm. FcgOg 

Grm. FcgOa 

Error. 

taken. 

taken. 

found. 

004 

00993 

0-0992 

-0-0001 

006 i 

0-0993 

0-0993 

0(HM)0 

0-08 

0-0993 

0-0997 

f()-0(K)4 

01 

1 0-0993 

0-0997 

+ 0-0004 

0-2 ! 

0-0993 

0-0997 

f0-0(M>4 

0-1 j 

0-1986 

... 

0-1986 

O-OO(K) 

j 


It is difficult to filter a ferrous solution without re-oxidation of a portion of 
the ferrous salt; the addition of ammonium sulphate retards re-oxidation.® A 
filtration fiask is fitted with a glass filter tube which has a sintered glass disc 
fused into it. A couple of fragments of magnesite (iron-free) are placed in the 
filtration flask along with about 2 c.c. of dilute sulphuric acid; another couple 
of fragments of magnesite are placed in the filter tube, and also in the flask 
containing the reduced solution. The filter flask is connected with the ])ump, 
and the reduced solution is poured into the filter tube. The empty flask is now 
washed out with dilute sulphuric acid. In this way, an atmosphere of carbon 
dioxide may be kept between the solution containing the reduced iron and the 
atmosphere.^ The solution in the filtration flask can then be titrated with 
permanganate without interference from the titanium. 

The Reductor, ~-T\ie apparatus suggested by Jones ® can be used for rapid 
zinc reductions. A modification is illmstrated in fig. 69. A piece of glass 
tubing — 40 to 45 cm. long and 12 to 15 mm. internal diameter — is drawn out 

^ For the effect of vanadium, see pages 518 and 536. 

* F. A. Oooch and H. D. Newton, Amer, J, Science, (4), 23, 365, 1907; Ze/it. mumj, Chem,, 
54, 213, 1907; Chem, Ncwm, 96, 148, 1907; H. D. Newton, ib., 98, 218, 1908; Amer. J, 
Science, (4), 25, 343, 1908; R. Rieke and R. Betzel, Sprech. Archir, i, 45, 1912. For copper 
sulphate and copper oxide instead of bismuth oxide, see W. C. Birch, Chem. News, 99, 272, 
1909; A, Storch, Ber. Oester, Oes. Border . Chem. Ind., 15, 9, 1893. W. M. Thornton, jun., 
R. Roseman and S. I. Katzoff (Journ. Amer. Chem. Soc., 54, 2131, 1932) claim that by 
bubbling air through the reduced solution negligible quantities of ferrous iron are oxidised 
in the time needed to re-oxidise the trivalent titanium. See also W. M. Thornton, jun., 
and R, Roseman, ib., 57, 619, 1935. 

® A. Leclerc, Joum. Pharm. Chim., (7), 7, 587, 1913. Acid and neutral solutions of ferrous 
salts do not oxidise rapidly at ordinary temperatures, but more quickly if the liquid be 
warm. Alkaline solutions oxidise quickly — C. Baskerville and R. Stevenson, Journ. Amer. 
Chem. Soc., 33, 1104, 1911. 

* For more elaborate schemes, see W. Bachmeyer, Zeit. anal. Chem.., 24, 59, 1885; N. von 
Klobukow, ib., 24, 395, 1885. 

* D. J. Carnegie, Journ. Chem. Soc., 53, 468, 1889; C. Jones, Trans. Amer. Inst. Min. 
Eng., 17, 414, 1888-9; Chem. News, 60, 93, 1889; P. W. Shimer, Journ. Amer. Chem. Soc., 21 , 
723, 1899; E. H, Miller and H. Frank, ib., 25, 919, 1903; D. L. Randall, ib., 28, 389, 1906; 
Amer. J. Science, (4), 24, 313, 1907; Chem. News, 97, 113, 1908; C. B. Dudley and F. N. 
Pease, Joum. Anal. App, Chem., 7, 108, 1893; F. It. Crobough, ib., 6, 366, 1892. 
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at one end, and there fitted into the neck of a filtration flask by means of a 
one-hole rubber stopper. The other end of the tube is fused to a stoppered 
cylindrical funnel. Put a filter plate or a few jueces of broken glass into the 
lower portion of the funnel, then 
about 2^ cm. of coarse, clean, cal- 
cined quartz sand. Fill the funnel 
with about 200 to 300 grins, of 
amalgamated or ordinary zinc 
powder^ granulated to pass a 20’s 
lawn, and remain on a 30’s lawn. 

The zinc should be as free from iron 
as possible . 2 To use the apparatus, 
close the stopcock; pour 100 c.c, of 
cold, dilute sulphuric acid (1 : 20) 
into the funnel. Ap})ly suction at the 
filtration flask, since the hydrogen 
evolved retards the percolation of 
the acid through the tube. Open 
the stopcock to allow the acid to 
pass slowly through the column of 
granulated zinc. Wash the zinc free 
from acid with about five rinsings 
of distilled water. Repeat the treat- 
ment with acid and water. Close 
the stopcock so that the tube re- 
mains full of water. Disconnect the 
filtration flask, wash and restore it 
to its place. The tube is now ready 
for use. 

Pour the iron solution ^ to be 
reduced into the funnel. Connect the 
filtration flask with the pump. Open jtjq, 69.— Reductor. 

the stopcock cautiously, since the 

rate of flow of the solution to be reduced is regulated by the stopcock. As the 
solution flows through the column of zinc, complete reduction occurs, and 

^ The use of amalgamated ziiie (proposed by A. J. McKenna) in place of ordinary zinc, en- 
ables a shorter reductor to be used. This is due to the more vigorous action of the amal- 
gamated zinc. CJ. F. Smith and J. Rich {Journ. Chem. Eduen.^ 7, 2948, 1930) use an amal- 
gamated zinc wire, 3 mm. in diameter, coiled into a spiral, in place of a reductor, especially 
for iron determinations. Reduction is complete in 30 minutes in the presence of 6 to 10 
per cent, by volume of concentrated sulphuric acid. For a summary of metals for use in 
reductors, see G. F. Smith and C. S. Wilcox, Ind, Eng, Chem, Anal. Ed,, 9, 419, 1937, 

* Commercial zinc dust is generally less pure than the granulated metal. It contains 
cadmium, lead and zinc oxide, together with iron. Zinc, at 210'", is very brittle, and it can 
be easily rediiced to fine grains by trituration at this temperature — T. M. Brown, Iron, 12, 
361, 1878; Dingier' s Journ., 228, 378, 1879. Zinc granules of lO’s to 20’8 mesh size are useful. 

® The ratio of free sulphuric acid (sp. gr. 1*84) to the total solution should be between 
1: 6 and 1: 7, i,e. about 15 c.c. of concentrated sulphuric acid per 100 c.c. of solution. If 
more acid be present than 1 ; 5, zinc sulphate is inclined to crystallise in the reductor; and 
if less than 1 : 7 be present, the reduction may not be complete in the case of uranium solutions 
— E. F. Kern, Joum. Amer. Chem. Soc., 23, 685, 1901; F. Ibbotson and S. G. Clark, Chem, 
News, I03> 146, 1911. A. A. Blair (TAc Chemical Analysis of Iron, Philadelphia, 92, 1908) 
used the reductor for phosphorus determination; F. A. Gooch and G. Edgar {Chem. News, 87, 
265, 1903; Amer. J. Science, (4), 25, 233, 1908) for vanadium; G. Edgar (ib., (4), 25, 332, 
1908) for vanadium and molybdenum; E. F. Kom {Journ. Amer. Chem. 80 c., 23, 685, 1901; 
F. Ibbotson and S. G.Clark, Chem. News, X03, 146, 1911) for uranium ; see phosphorus, page 678. 
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the solution collects in the filtration flask ready for titration or for treatment 
with bismuth oxide. Just before the funnel is emptied rinse round its sides, 
also rinse the empty beaker or flask with water and let the washings pass 
through the reductor.^ Wash the column of zinc with distilled water as 
before. The reductor is then ready for another reduction. 

The reductor should be tested from time to time with blank tests. A 
correction for the iron in the zinc can be made by re-reducing the solution 
used in the permanganate titration. The amalgamated zinc in the tube 
charged as indicated above will suffice for thirty to forty reductions. 

Redmtion by Ammonium Bisulphite. — Hydrogen sulphide, sulphur dioxide, 
ammonium bisulphite, or sodium sulphite can be used for reducing the iron. 
These agents have the advantage of leaving the titanic oxide unaffected. 
Ammonium bisulphite, recommended by Austen and Hurff,*^ is convenient. 
It can be either made or purchased.^ The solution under investigation is 
concentrated by evaporation to 40 or 50 c.c. Gradually add about 10 c.c. 
of dilute sulphuric acid (1 : 1) to the solution in an Erlenmeyer’s flask, so as 
to make the solution distinctly acid.^ Add a concentrated solution of am- 
monium bisulphite * and agitate the mixture thoroughly ; or pass a current 
of sulphur dioxide through the acid solution. Gradually raise the temperature 
of the solution to boiling, and when a drop no longer gives a brownish-red 
coloration with ammonium thiocyanate, the ferric oxide is all reduced. 

To remove the excess of sulphurous acid, place the flask on a sheet of 
asbestos on a tripod. Add 15 c.c. of dilute sulphuric acid (1 : 1). Cover the 
flask with the perforated lid of a Rose’s crucible.® Pass a current of carbon 
dioxide at the rate of 3 or 4 bubbles per second through the solution."^ The 
delivery tube passes through the hole in the cover of the flask. Meanwhile 
the flask is heated to the boiling-point of the solution. The velocity of the 
carbon dioxide is then reduced to about 1 bubble per second. After 20 or 
30 minutes’ boiling, the escaping steam will probably be free from sulphur 
dioxide, as shown by its failure to discolour a mercurous nitrate test paper.® 

^ In washing the reductor free from iron the water should be kept above the level of the 
zinc, to prevent any air spaces forming between the successive additions of water. There 
is otherwise a possible formation of hydrogen peroxide which might spoil the results. 

* P. T. Austen and G. B, Hurff, Chein. Newsy 46 , 287, 1882; Amer. Chem. Journ., 4 , 282, 
1882; T. W. Hogg, Chem, News, 59 , 207, 1889; R. W. Atkinson, ib., 49 , 217, 1884. According 
to B. Glasmann \Zeit. anal, Chem., 43 , 506, 1904), the ammonium bisulphite does not reduce 
chromic salts and hence the presence of chromium does not interfere. 

* Ammonium Bisulphite. — Pass sulphur dioxide into a concentrated solution of ammonia 
until the solution becomes yellow and smells strongly of sulphur dioxide. If the solution be 
kept cool during the passage of the gas, white crystals of the normal sulphite are formed. 
These are gradually dissolved by the excess of sulphur dioxide, and the solution becomes 
clear yellow. Sulphur dioxide is best purchased in syphons of the liquefied gas. The syphons 
are a convenient source of the gas for analytical work. 

* The reduction of ferric solutions by sulphur dioxide proceeds rapidly if the solution 
contains a little free acid, but not if the solution is alkaline to litmus — A. C. Gumming and 
E. W. Hamilton, Proc. Roy. Soc, Edin., 32 , 12, 1912. 

® 1 c.c. of the solution per 0*5 grm. of Fe 208 . 

* Or bend down the corners of a piece of platinum foil with two holes: one hole permits 
the escape of steam and gas; the other is for the gas delivery tube. 

’ The carbon dioxide is purified by passing it through a column of pumice soaked in 
copper sulphate and a water wash-bottle. 

* Meroubous Nitrate Test Paper. — The paper is made by soaking No. 00 Swedish 
filter-j^per in a solution of mercurous nitrate (0'5 to 5 per cent.) and d^ing. The paper 
is cut in strips and preserved for use in dry glass tubes, corked and sealed. H. Jervis (Chem. 
News, 77 , 133, 1898) closes the flask with a stopper fitted with a delivery tube, one end of 
which ffips into a very dilute acid solution of permanganate. If the solution be completely 
decolorised (without a brown precipitate), sulphur dioxide is still being evolved — H. SoHn, 
Liebig's Ann., zz8, 91, 1861. 
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In that case, place the flask in a dish of cold water to cool, while the current 
of carbon dioxide still bubbles through the solution— 1 bubble per second.^ 
When cold, the contents of the flask can be titrated with a standard solution 
of potassium permanganate, as indicated below. The titanium oxide is not 
reduced by the treatment with ammonium bisulphite. 

§ 84. The Standardisation and Use of Potassium 
Permanganate Solution. 

The “commercially pure” potassium permanganate picks up dust, etc., 
and is rather poorer in oxygen than theory requires, ^ although, by repeated 
crystallisation from boiling water and careful drying, the salt can be prepared 
to give a solution of exactly theoretical strength.® It is, however, the invariable 
custom to find the strength of, that is, to standardise, the solution of potassium 
permanganate. 

Standard Solutiofi of Sodium Oxalate , — Dissolve 0-42 to 0*43 grm. of 
potassium permanganate (KMn 04 , molecular weight 158*03) in a litre of water, 
and let the solution stand two or three weeks in order that the permanganate 
may oxidise any impurities in the water before the solution is standardised 
by titration with, say, a solution of sodium oxalate of known strength. Other 
substances * are in common use, but sodium oxalate gives exact results with 
very little trouble. Whatever substance be selected, the standard solution 
must be made up with the greatest care, since all the subsequent results depend 
upon the accuracy of the work at this stage. Sorenseirs sodium oxalate ® 
(Na 2 C 204 , molecular weight 134) is the best “brand” for the purpose. This 

^ As a matter of fact, it is rather difficult to remove the last trace of sulphur dioxide, and 
if all be not removed the iron determination will be high. The condensation of water in the 
neck of the flask and on the stopper is the main source of the trouble, for the condensed 
water absorbs some sulphur dioxide and, on dropping back into the solution, returns some 
sulphur dioxide. For the retention of sulphur dioxide by rubber stoppers and rubber tubing, 
see E. W. Hamburger, Ze*7. physiol. Chem., 2 , 191, 1878; 4 , 249, 1880; K. H. Huppert, ib., 
17 , 87, 1893. 

* According to F. Raschig {Zeit. miyew. Chem., 16 , 585, 1904), a solution prepared from 
commercial permanganate was about 0-8 jjer cent, too weak. 

* W. M. Gardner, B. North and A. R. Naylor, Journ. Soc.. Chem. hid., 22 , 731, 1903. 

* W. D. Treadwell and H. Johner {Helv. Chitn. Acta, 7 , 528, 1924) recommend sublimed 
anhydrous oxalic acid, or the hydrated acid dried by air previously passed over a mixture 
of the anhydrous and hydrated acid. N, Schoorl {Chem. Weekb., 25 , 73, 1928) frees oxalic 
acid from vacuole water by pulverisation and air drying, or by dehydration at 60° and 
regeneration by atmospheric moisture during a few days. I. M. Kolthoff and J. C. van 
Dijk (Pharm, ^Ycekblad, 61 , 561, 1924; I. M. Kolthoff, Zeit. anal. Chem., 64 , 185, 255, 1924) 
say that pure ferrous ammonium sulpliate is a better agent than oxalic acid for standardising 
permanganate solutions. L. Moser and W. Schoninger {Zeit. anal. Chem., 70 , 235, 1927) 
describe the preparation and use of electrolytic iron as a standard, and J. A. N. Friend and 
E. G. K. Pritchett {Joum. Chem. Soc., 3227, 1928) that of ferrous sulphate. M. M. Kirilov 
{Journ. App. Chem. (U.S.S.R.), 9 , 2065, 1936) uses anhydrous ammonium oxalate. 

® S. P. L. Sorensen, Zeit. anal. Chem., 36 , 639, 1897; 42 , 333, 512, 1903; 44 , 141, 1905; 
S. P. L. Sorensen and A. C. Andersen, ib., 44 , 156, 1905; L. Vanino and E. Seitter, ib., 41 , 
141, 1902; A. Skrabal, ib., 42 , 359, 1903; C. Meineke, ib., 39 , 322, 1900; S. P. L. Sorensen 
(Compt. rend., 6 e Conference mternat. Chim. (Bucarest), 305, 1925), gives detailed directions 
for determining water, sodium carbonate and sodium bicarbonate in sodium oxalate. See 
also A. Kling and A. Lassieur, ib., 288, 1925; C. del Fi'esno, Zeit. Elektrochem., 31 , 199, 1925; 
G. Lunge, Zeit. angew. Chem., 17 , 230, 269, 1904; 18 , 1520, 1905; F. Dupr 6 and E. Muller, 
*^•1 1244, 1902; F. Dupr4, ib., 17 , 815, 1904; F. Dupr 6 and A. von Kupffer, xb., 15 , 352, 

1902;. W. Sohranz, Bull. Soc. chim., (3), 18 , 89, 1899; H. Kinder, Chem, Ztg,, 30 , 631, 814, 
1906; 31 , 69, 1907; P. Lehnkering, ib., 30 , 723, 1906; H. von Jiiptner, Oeater. Zeit. Berg, 
U'SM,, 44 , 14, 1896; R. S. McBride, Joum. Amer. Chem, 80c., 34 , 393, 1912; Circ. Bur. 
SUvndama, 40 , 3 , 1912; W. Pawloff, Journ. Buss. Phys, Chem. 80c., 28 , 621, 1897; E. Moyer, 
Chemiit*AniUyit, 13 , 7, 1915. 
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salt is dried in an air oven at about 200° and cooled in a desiccator over calcium 
chloride. Transfer exactly 0*8392 grin, of the salt to a litre flask. Dissolve 
the salt in a little water and make the solution up to the litre mark. One 
cubic centimetre will be equivalent to 0*0003959 gnu. of KMn 04 , or to 0*001 
gnu. of FcgOg. This solution can be used for standardising the permanganate. 
The equivalents of other substances can easily be expressed in terms of sodium 
oxalate by means of the following table of conversions:-- 


Table XXX. — Conversion Table for Permanganate Solutions. 
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Standardisation of Potassium Permanganate with Sodium Oxalate. — Pipette 
25 c.c. of the standard sodium oxalate solution into an Krlenmeyer’s flask and 
add 20 c.c. of dilute sulphuric acid (1 : 4). Warm the solution to between 60° 
and 70° in order to hasten the subsequent action and then place the flask 
under a burette, with a glass tap, which has been filled with the permanganate 
solution to be standardised. Run the permanganate from the burette into 
the flask, and keep the contents of the flask in a state of rotary agitation while 
the permanganate is being added. When the colour of the permanganate 
begins to be discharged slowly, add the permanganate very cautiously, drop 
by drop. Jf the solution cools appreciably during the titration, it should 
be warmed up again to G0°-70° as and when necessary. Any drops of per- 
manganate adhering to the sides of the flask must be washed into the bulk 
of the liquid. When a drop of the permanganate produces a permanent pink 
blush throughout the liquid in the flask, the titration is finished. Read the 
burette to the nearest tenth c.c. Repeat the whole titration in triplicate 
and take the mean of the three readings. 

In titrating hot liquids, there is a danger of heating the burette and its 
contents. In such cases, burettes with a delivery jet at the side are recom- 
mended. Koninck’s burette^ is an ordinary burette with a S -shaped jet. 
The idea is to prevent clouding the burette with condensed steam, and the 
heating of the liquid in the burette, which would cause an expansion of the 
contained solution. 

Let n denote the mean number of cubic centimetres of the permanganate 
solution needed for the titration of the 25 c.c. of sodium oxalate solution. 
The reaction is symbolised: 

5Na2C204 -h 2KMn04 + 8 H 2 SO 4 - KgSO^ + 5Na2S04 + 2MnS04 4- lOCOg + 8 H 2 O 


^ L. L. de Koninck, Zeit, angew. Chem.^ I, 187, 1888. 
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Since 1000 c.c. of the sodium oxalate solution are equivalent to 0*3959 grm. 
of KlVInO^, 25 c.c. will be equivalent to 0*3959 i- 40 grm. of KMn 04 . Hence, 
n c.c. of the permanganate solution has the equivalent of 0*3959- 40 grm. 
KMiiO^, and this is equivalent to 0*025 grm. of FcgOa. Or, 1 c.c. of the 
permanganate solution is equivalent to 0*025 grm. FcgOg. The error 
with careful work is about one part in a thousand.^ 

Influence of Sulphuric acid is needed to dccom}) 08 e the oxalate, 

and in titrating with permanganate, free acid is also needed to keep the 
manganese oxides in solution. Otherwise, the brown precipitate which sepa- 
rates will o})sciire the end-point. Too much sulphuric acid may lead to high 
results, since concentrated sulphuric acJd reduces potassium permanganate. 
This is illustrated by the following experiments, ^ with 20 c.c. of an acidified 
solution of ferrous sul})hate containing the equivalent of 0*080 grm. FcgOg, 
and with various proportions of sulphuric acid (1 : 4). The volume of the 
permanganate solution required with different quantities of the acid is 
indicated by the following numbers: — 

H 2 SO 4 . 0 10 20 25 40 50 c.c. 

KMnO^ . 17*89 17*85 17*89 18*07 18*20 18*62 c.c. 

To show that the increased consumption of j)ermanganate was not due to 
impurities in the sulphuric acid, 150 c.c. of water and 50 c.c. of the same 
sulphuric acid were added to another 50 c.c. of the ferrous solution. The 
consumption of permanganate was practically the same as when a solution of 
the ferrous salt diluted with water only was used. 

Hydrochloric acid is inadmissible because some permanganate is used in 
a side reaction, possibly: 16HC1 + 2 KMn 04 == 504 + 2 MnCl 2 + 2KC1 + SHgO, 
which proceeds slowly in dilute solutions, but is accelerated by the presence of 
iron salts. Similar experiments to those indicated in the last paragraph were 
made with hydrochloric acid (sp. gr. 1*13). The results were: 

HCl . . 0 5 10 15 20 30 c.c. 

KMnO^ . 17*89 19*25 19*75 20*12 20*50 20*50 c.c. 

The side reaction is inhibited by the addition of manganese sulphate, as 
indicated on page 498.^ 

Nitric acid should be absent, because it is reduced to nitrous acid by the 
zinc in the reduction of the ferric oxide, and nitrous acid reduces the per- 
manganate.* 

Standardisation of Pofassitim Permanganate irith Metallic Iron. — It is nearly 
always advisable, if convenient, to standardise a volumetric solution against a 
solution similar to that which is going to be titrated. Hence, many prefer to 
standardise the permanganate solution for iron determinations against a 
solution containing a known amount of metallic iron dissolved in, say, sul- 
phuric acid. The difficulty is with the iron. Perfectly pure iron is exceedingly 
difficult to procure. The trace of impurity present in most specimens of 
‘‘pure” iron acts as a reducing agent on the permanganate. Even electrolytic 

^ For the preparation of O-OlN-solutions of potassium permanganate, see J. O. Halverson 
and 0. Bergeim, Journ. Ind. Eng. Chem., lo, 119, 1918. 

* E. Wait*, Zeii. anal. Chem., 10, 158, 1870; J. P. Blunt, Chem. News, 8, 54, 1863; F. A. 
Gooch and E. W. Danner, Amer. Joum. Sci., (3), 44, 301, 1892; F. Jones, Journ. Chem. 
^oc., 33, 95, 1878. 

* O. L. Bameby, Joum. Amer. Chem. Soc., 36, 1429, 1914; P. Wagner, Zeit. phys. 
Chem., 38, 33, 1899; F. A. Gooch and C. A. Peters, ZeU. anorg. Chem., 21, 185, 1899; J. Brown. 
ib,, 44, 145, 1905; 47, 314, 1905; Amer. Joum. Sci., (4), 19, 31, 1905. 

* A. Torreil, ZeU. anal. Chem,, 6, 116, 1867. For the influence of fluorides on the per- 
manganate titration, see O. L. Barneby, Journ. Amer. Chem. Soc., 37, 1481, 1915. 

12 
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iron is not quite free from objection,^ It is frequently assumed that iron 
wire contains on an average 0*3 per cent, of impurities — the limits lie 
usually between 0*1 and 0*4 per cent. The amount of iron actually weighed 
out is accordingly multiplied by 0*997 in order to estimate the strength of the 
solution. This procedure assumes that the impurities merely diminish the 
amount of metal weighed out, but exert no reducing action on the per- 
manganate. This assumption is not justified. The impurities are present 
as carbides, sulphides, phosphides, silicides, etc., and these substances develop 
hydrocarbons, hydrogen sulphide, hydrogen phosphide, etc., when the iron 
wire is dissolved in sulphuric acid. These products are easily oxidised by 
permanganate. The consequence is that more permanganate is used than 
corresponds with the amount of iron in the wire, and the permanganate titre is 
accordingly too low. An error ranging from 1 to 2 per cent, may be made 
in standardising potassium permanganate by means of iron wire assumed to 
represent pure iron, and the error is increased instead of diminished by assuming 
that the wire contains less than its own weight of iron.^ 

Samples of ‘‘analysed” iron can be obtained, but these are not satisfactory 
for standardising the permanganate unless their iron value has been determined 
in terms of permanganate. This is done by using permanganate standardised 
by electrolytic iron ® or sodium oxalate. The iron wire is cleaned, if necessary, 
with sandpaper to remove grease or oil, and dissolved in sulphuric acid at a 
gentle heat in a 200 c.c. flask fitted with a guard tube (fig. 68), and from 
which the air has been previously expelled by a stream of carbon dioxide. 
The cold solution is titrated with permanganate, as previously described. 
Satisfactory samples with a known permanganate titre can be purchased.^ 

Higher results are obtained if the solution is made on a water bath in a 
flask fitted with a Bunsen’s valve than if the iron be dissolved in a similar 
flask kept for a long time “on the boil.” In the former case, the solution 
contains more of the impurities than in the latter case. Similarly, if the 
dissolution be conducted in a flask through which a current of carbon dioxide 
is passing, the results depend upon the duration of the boiling, and the speed 
at which the carbon dioxide is passed. But if the carbon dioxide be passed 
for a long time, the results are the same whether the iron be dissolved on the 
water bath or at a boiling temperature.^ 

* C. F. Roberts, Amer. J. Scieme, (3), 48, 290, 1894; Chem. News, 70, 189, 1894; F. P. 
Treadwell, Kurzes Lehrbuch der analyiischen Ckemie, Injipzig, 2, 499, 1911; A. Classen, Zeit, 
anal. Chem., 242, 516, 1903; F. Mohr, Lehrbuch der cheminch. analyi. Titrier methods, Braun- 
schweig, 215, 1896; A. 8krabel, Zeit. anal. Chem., 42, 395, 741, 1903; 43, 97, 1904; G. Lunge, 
Zeit. angev). Chem., 17, 265, U104; H. Theile and H. Deckert, ib., 14, 1233, 1901; F. Dupr4, 
ib., 17, 815, 1904; S. Avery and B. Dale, Ber., 32, ,64, 2233, 1899; H. Verwer and F. Groll, 
ib., 32, 806, 1899; H. Verwer, Chem. Ztg., 25, 792, 1^1; H. Kinder, ib., 31, 69, 117, 1907; 

L. Brandt, ib., 32, 812, 830, 840, 851, 1908; C. A. Kohn, F. J. Brislee and H. H. Froysell, 
B. A. Rep., 174, 1900; L. Moyaux, Rev. Univ. Mines, (1), 25, 148, 1869; H. Cantoni and 

M. Basadonna, Ann. Chim. anal., 9, 365, 1904; A. Ledebur, Stahl Risen, 22, 1242, 1902; 
H. Kinder, ib., 30, 411, 1910; L. Brandt, ib., 30, 1844, 1910; W. M. Gardner, B. North 
and A. R. Naylor, Joum. 80 c, Chem. Ind., 22, 731, 1903. 

* J. R. M. Irby, Chem. News, 30, 142, 1874; M. Berthelot, Bull. 80 c. chim., (2), 2X, 58, 1874. 

* L. Moser and W. Schoninger, Zeit. anal. Chem., 70, 235, 1927. 

* A. MtiUer, Stahl Risen, 26 , 1477, 1906. Such a sample contained carbon, 0*027; silicon, 
0*013; phosphorus, 0*034; copper, 0*024; manganese, 0*005 ; sulphur, 0*008 — total impurities 
0*111 per cent. The “iron value” of the sample in terms of permanganate was equivalent 
to 99*91 per cent, metallic iron. 

6 J. A. N. Friend and E. G. K. Pritchett (Joum. Chem. 80 c., 3227, 1928) state that, 
provided the composition of the iron be accurately known, results agreeing to 0*1 wr cent, 
with the sodium oxalate method can be obtained by dissolving up to 1*4 grm. of iron in 
150 to 200 c.c. of 4N-8ulphurio acid in a flask fitted with a vertical tube. Immediately the 
iron has dissolved, the hot solution is cooled and diluted to a minimum volume of 250 c.c. 
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Suppose 1 grm. of ‘^analysed” iron wire contains the equivalent of 
0*9991 grm. iron so far as the permanganate solution is concerned, this amount 
of iron is equivalent to 0*9991 x 1«4298 == 1*4285 grins, of Fe 203 . If w grams of 
the sample of iron be taken, and n c.c. of permanganate are required for the 
titration, obviously, 1 c.c. of the permanganate is equivalent to 1*4285 w-^n grm. 
of ferric oxide. 

However, the manipulations with Sorensen’s sodium oxalate are a little 
easier than with metallic iron, and the results appear quite as satisfactory.^ 

Preservation of Permanganate Solutions. — These solutions should be stored 
in a dark glass bottle with a well-fitting, ungreased glass stopper, and protected 
from direct sunlight. Solutions containing suspended oxide are liable to lose 
strength, and this with increasing rapidity with the lapse of time owing to 
the increase in the quantity of the suspended oxide. ^ Solutions of per- 
manganate, freed from suspended oxide by filtration through asbestos, may 
have a lower titre after filtration than before, since asbestos exerts a slight 
reducing action on solutions of potassium permanganate.® The solution will 
keep a long time if it be ke})t out of contact with organic matter, dust, etc.^ 
For the best work the solution should be standardised about every two months, 
but after keeping through the summer for about nine months, a solution 
with a titre 1 c.c. =0*002576 grm. FcgOg only changed to 1 c.c. =0*002522 grm. 
FcgOg — that is, about 2 per cent. The stock bottle should be shaken before 
use in order to remove any water condensed in the upper part of the bottle 
by distillation from below.® 

Burettes for the Permanganate Titration. — Burettes with glass taps must 
be used. The solution of permanganate must not come in contact with 
organic matter from, say, rubber jets or the lubricant of the stopcock. To 
guard against the latter contingency, pure powdered graphite can be used 
as a lubricant, since permanganate solutions do not touch it at ordinary 
temperatures. 

Burettes and other glass apparatus which have been used for permanganate 
solutions should be cleaned and rinsed immediately after use. Brown stains 
of manganese oxide can be removed by means of sulphurous acid. 

Temperature Corrections. — It is necessary to allow for the effect of variations 
of temperature exceeding ±2"^ or ±3^ from the standard. Assume that the 
solution is standardised at 15°; then, if the solution be less concentrated than 
0 * 01 N-KMn 04 , the correction table for water, page 22, may be applied. If 


^ Note that if the permanganate titre of the iron wire be determined by standardisation 
with sodium oxalate, the use of the iron wire appears redundant. 

* H. N. Morse, A. J. Hopkins and M. S. Walker, Afner. Chem. Joum., 18 , 401, 1896; 
H. N. Morse and C. L. Reese, ib., 20 , 521, 1898; Chem. News, 78 , 77, 90, 1898. For the slow 
development of oxygen with dilute sulphuric acid solutions of potassium permanganate, see 
G. Blau and T. Wallis, Liebig's Ann., 345 , 261, 1906; F. A. Gooch and E, W. Danner, Ber., 
26 , 267, 1893; W. Blum, Journ. Amer. Chem. 80 c., 34 , 1379, 1912. 

* P. A. Tscheihwile, Joum. Buss. Phys. Chem. 80 c., 42 , 866 , 1910. 

* R, W. Oddy and J. B. Cohen, Joum. 80 c. Chem. Ind., 9 , 17, 1890; W. M. Gardner 
and B. North, ib*, 23 , 699, 1904; B. Collitt, Pharm. Joum., (4), 27 , 724, 1908; R. Luboldt, 
Joum. prakt, Chem., ( 1 ), 77 , 316, 1869; G. Bruhns, Zentr. Stuclcerind., 14 , 968, 1906; H. von 
Jttptner, Oester. Zeit. Berg. HiiU., 31 , 602, 1883; C. Meineke and K. Schroder, Zeit. offent. 
Chem., 3 , 5, 1897. R. Luboldt (Joum. prakt. Chem., ( 1 ), 77 , 315, 1859) kept solutions un- 
changed for about a year, as did B. Griitzner (Arch. Pharm,, 231 , 321, 1892), ''provided the 
solutions be protected from dust,” T. Kato (Journ. Chem. 80 c. Japan, 48 , 408, 1927; F. 
Simond, LHnghPa Journ., 248 , 518, 1883) coats the store bottle with black paper or varnish 
on the outside in order to protect the contents from light. 

® Aocor^ng to R, Luboldt (Joum. prakt. Chem., ( 1 ), •jn, 315, 1859), a standard solution 
of permanganate can be heated for half an hour at 100 ® without alteration, but if potadb 
be preset the solution is decomposed. 
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the solution be between 0-lN- and O'OlN-KMnO^, the following table may be 
used : — ^ 


Table XX XL — Temperature Corrections for Potassium Permanganate 
Solutions. (Standard temperature 15^\) 



0 ° 

r 

2 ° 

T 

4 ° 

5 ^ 

6 ° 

70 

8 “ 

9 ° 

0 " 






+ 0*6 

4 0*6 

i 0*5 

+ 0-5 

-f 0-5 

lO" 

-f 0-4 

f 0-4 

+ 0-3 

\ + 0*2 

+ 0*1 

0 

0*2 

-0 3 

- 0-5 

- 0-6 

20 ° 

- 0*8 

- 1*0 

, 

- 1*2 

- 1-4 

- 1*6 

- 1*8 

-20 

2*3 

- 2-5 

- 2*8 


The method of using the table will be obvious from the examples on page 23. 

Calculations . — The reaction between the permanganate and the ferrous 
salt is: 

J0FeSO4 -f 2KMn04 + 8H2SO4 - K2SO4 + 5 Fe 2 (S 04)3 + 2MnS04 + 8H2O 

Exampi.e. -The results of the permanganate titration will have been entered up 
somewhat as follows; 1 e.c. of the jxirmanganate used represented 00()i510 grm. 
FogOg; 1 grm. of clay was treated; the reduction was complete after 10 grms. of zinc 
had been dissolved in the solution, and the solution reepnred 13*84 c.c. of permanganate 
at 16°. In a blank experiment, 10 grms, of zinc dissolved in sulphuric acid required 
0*51 c.c. of the permanganate solution. Hence, 13*84- 0*51 — 13*33 c.c. represents the 
permanganate cK)nsumpti(m by the ferrous iron in the gram of clay. This is equivalent 
to 13*33 X 0*00151 =0*0201 grm. Fe^jOs; or the clay has 2*01 per cent, of FcgOg. There 
was no need to apply the temperature correction.** 

§ 85. The Volumetric Determination of Iron— Marguerite’s 
Permanganate Process.® 

Starting with the solution reduced by the ammonium bisulphite through 
which carbon dioxide is passing (page 174), remove and wash the carbon dioxide 
delivery tube — inside and out — into the flask with recently boiled distilled 
water.* Run in the standardised permanganate solution exactly as described 
in the preceding section, until a permanent pink blush is suffused throughout 
the liquid being titrated.® If desired, an allowance can be made if the 
vanadium be afterwards determined. 

^ The table may also be used for N-, 0*1N- and O-OlN-soIutions of sodium chloride; 
0*1N- and O-OlN-solutions of silver nitrate; ammonium thiocyanate (1000 c.c. equivalent, to 
10 grms. Ag). The table is based on the work of A, Schulze {Zeit. anal. Chem.^ 22 , 167, 1882), 
and may be modified for standard temperatures of reference other than 1.5°. 

® After the titration, the ferric oxide may be again reduced and the manganic oxide, if 
present, removed by filtration. The titration can thus be repeated until the volume of the 
liquid becomes unwieldy — B. Godwin, Amer. J. Science, (2), 50 , 249, 1870; Chem. News, 22 , 
269, 1870. 

® F. Marguerite, Compt. rend., 22 , 587, 1846; Ann. Chim. Phys., (3), 18 , 244, 1846; 
F. Scheidung, Zeit. aiigew. Chem., 8 , 78, 1895. 

* If the solution has been reduced with zinc, with or without the bismuth oxide treatment, 
proceed with the titration as indicated in the text. It must be added that particles of filter- 
paper may also reduce both permanganate and hot dichromate solutions, and thus lead to 
high results. — 8 . G. Simpson, Joum. Ind. Eny. Chem., 13 , 1152, 1921. The filter-paper may 
get into the solution when the ammonia precipitate is dissolved in dilute acid, and titrated 
directly. 

* The solution must not be too hot, or an excess of permanganate will be required. Some 
prefer to work with cold solutions; others with solutions between 60° and 70° (probably best 
— W. C. Bray, Jmrn. Amer. Chem. Soc., 32 , 1204, 1910). Whatever be the temperature 
used, the conditions must be the same as those adopted in standardising the permanganate. 
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Errors . — The most frequent sources of error arise from the imperfect 
reduction of the ferric oxide and the deterioration of the permanganate. The 
latter difficulty is easily overcome by frequently standardising the per- 
manganate ; and the former bytesting the solution for the presence of ferric iron 
before the reduction is stopped. Care must also be taken that no re-oxidation 
occurs before the titration. There is also a slight error due to the incomplete 
reduction of the permanganate, which was pointed out by Bray.^ This occurs 
more particularly with low-temperature titrations, high acid concentration 
and with a large volume of dilute solution. The conditions here recommended 
give most favourable results. 

In illustration of the effect of titanium on the iron determination and in 
illustration of the magnitude of the errors which may be expected in the iron 
determination both })y the ammonium bisulphite and the zinc reductions, the 
following data were obtained with eight independent analyses on one sample of 
clay. One gram of clay was taken for each determination, and the bisulphate 
fusion was divided into two equal portions, one reduced with zinc and the 
other with ammonium bisulphite. 

Table XX XI I. — Comparison of Zinc and Bisulphite Reductions in the 
Permanganate Process for Iron in Clags. 


Zinc reduction. 

Ammonium bisulphite. 

c.o. KMn() 4 . 

FcaOa. 

c.c. KMnO.,. 

FCgOg. 

(v92 

OOKX) 

r >-15 

0-0078 

6-85 

0-0099 

4-70 

0-(K)69 

6-84 

0-0099 

5-27 

0-(K)79 

6-32 

0-0091 

5-02 

0-0076 

6-61 

0-(K)96 

4-89 

0-(K)73 

009 

0-0088 

4-43 

0-(KM)8 

0-49 

0-(K)94 

5-13 

0-0077 

619 

1 

0-0089 

5-01 

0-(K)7r) 


The mean value for the ferric oxide with the zinc reduction is 0-0094, or 
1-88 per cent., and with the bisulphite reduction, 0-0074, or 1-48 per cent., 
with a deviation of about ±0-06.^ 

The clay contained 1-2 per cent, of titanium. If the clay contains vanadium, 
the V 2 O 5 will also be reduced by the zinc to V 2 O 3 ; and to V 2 O 4 by sulphur 
dioxide (and possibly by hydrogen sulphide). The reduced oxides will be 
oxidised to V 2 O 5 during the permanganate titration. The vanadium is, 
however, usually present in such small quantities that its influence can be 
neglected; see page 518. 

Correction with Very Dilute Solutions . — If the amount of iron be small, a 
0*02N- or 0*01N-solution of permanganate may be used. An error may now 
creep into the work owing to the fact that a certain quantity of permanganate 
is required to impart a perceptible colour to pure acidulated water. In such 
cases the volume of permanganate solution needed to impart the desired pink 


^ W. C. Bray, Joum, Amer. Ohem. J$oc., 32 , 1204, 1010; F. P. Treadwell, Kurzes Lehrbmh 
der analytischen Chemie^ Leipzig, 2 , 498, 1911. 

* The error is no greater, indeed less, if the whole of the sample be operated upon. 
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coloration to an equivalent volume of acidulated water must be determined, 
and the result deducted from the permanganate used in the titration. 

The solution remaining after the permanganate titration can be used for the 
titanium determination, and afterwards for the determination of phosphorus. 


§ 86. Titration of Ferric Iron with Titanous Chloride. — 
Knecht's Process. 

An alternative method is to determine the ferric iron directly by reduction 
with a standard solution of titanous chloride.^ The reaction is 

TiCla 4- FeCla = TiCl^ + FeClg 

The advantages of this process are (1) no preliminary reduction of the iron 
to the ferrous state is necessary, whereby much time is saved; (2) no errors 
are introduced owing to under-reduction, or re-oxidation of the reduced 
solution; (3) titanic salts are not simultaneously reduced in the process, so 
that no correction need be made for titanium, if present. On the other hand, 
the titanous chloride solution must be re-standardised each time before use, 
since it is very readily oxidised. The standard type of apparatus needed for 
the titration is shown in fig. 70. About 125 c.c. of 15 per cent, titanous 
chloride solution are boiled for 1 to 2 minutes with 250 c.c. of concentrated 
hydrochloric acid in a flask.^ After rapidly cooling, the solution is diluted to 
about 2*5 litres with cold, freshly boiled distilled water. The mixture is 
well shaken and transferred to the tubulated aspirator.® 

The tube connecting the side arm of the burette to the tubulure of the 
aspirator contains a bead valve ^ in the rubber joint by means of which the 
burette can be refilled from time to time. 

In order to keep a reducing atmosphere above the solutions in the burette 
and aspirator, the neck of the latter is closed by a two-holed rubber bung ® 
through which glass tubes pass connecting the aspirator, on the one hand, 
to the open end of the burette, and on the other, to a hydrogen generator.® 
This latter consists of a tube constricted at its lower end to a narrow opening. 

1 E. Knecht, Ber., 36 , 166, 1549, 1903; E. Knecht and E. Hibbt^rt, i 6 ., 40 , 3819, 1907; 
E. Knecht and E. Hibbert, Journ. Soc. Chem. Ind., 30 , 396, 1911 ; E. Knecht and E. Hibbert, 
New Reduction Methods in Volumetric Analysis, London, 1918; A. Monnier, Ann. Chim. anal., 
21, 109, 1916; F. Mach and P. Lederle, Landw. Vermchs.-Stat.,^o, 191, 1917; W. M. Thornton, 
junr., and J. E. Chapman, Journ. Amer. Chem. Boc., 43 , 91, 1921 ; L. Brandt, Chem. Ztg., 48 , 
265, 270, 1924; E. Zintl and A. Rauch, Zeit. anorg. Chem., 146 , 281, 1925; O. Hackl, Zeit, 
anal. Chem., 66, 401, 1925; W. G. Emmett, Journ. Chem. Soc.., 2059, 1927; P. »S. Brallier, 
Ind. En^. Chem., 19 , 846, 1927; V. G. Chlopin and L. E. Kaufman, Journ. A'pjd. Chem. 
U.S.S.R., 2, 91, 1928; W. D. McFarlane, Biochem. Journ., 26, 1034, 1932; Ind. Eng. Chem. 
Anal. Ed., 8 , 124, 1936; S. Kaneko and C. Nemoto, Journ. Soc.. Chem. Ind.. Japan, 35 , 348, 
1932; A. K. Wood, Journ. Soc. Class Tech., 20, 324, 1936. 

‘ Commercial titanous chloride somtimes contains sulphides, which are eliminated as 
hydrogen sulphide on boiling. The concentrated acid prevents the formation of metatitanic 
acid, HjTiOg. For the preparation of iron-free titanous solutions, see R. Roseman and 
W. M. Thornton, junr., Amer. Journ. Sci., (5), 20 , 14, 1930; Chem. News, 141 , 119, 1930; 
Journ. Amer. Chem. Soc., 57 , 328, 1935. 

* This solution will be about 0*05 normal. A sufficient volume should be made to fill the 
aspirator completely to the neck. Any deposit, forming on the glass parts of the apparatus, 
can be removed by washing with a one per cent, solution of hydrofluoric acid when the 
aspirator is refilled. 

* Made by inserting a pear-shaped pellet of glass in the middle of the rubber tubing. 
No valve is needed if the burette is provided with a two-way stopcock. 

* All bungs must be of rubber. They should be cleaned from time to time by rinsing in 
toluene to solten them. 

* A small Kipp’s apparatus can be used. 
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The tube is charged with granulated zinc and the upper end closed by a 
rubber bung through which passes the lead-in tube from the aspirator. The 
lower end of the tube is immersed in hydrochloric acid (1 : 1), contained in a 
glass bottle. 

To remove the last traces of air from the apparatus, the bead valve is 
opened and the solution allowed to fill the burette and the tube above it as 
far as possible. The valve is then closed and 
the solution in the burette run to waste; hydro- 
gen is now passed through the system for a 
few minutes by keeping the tap of the burette 
open. 

Standardisation of the Solution . — Make an 
exactly 0*()5N-solution of ferrous iron by dis- 
solving 4*9017 grms. of the purest ferrous 
ammonium sulphate in 150 c.c. of cold, air-free 
distilled water; add about 15 c.c. of concen- 
trated sulphuric acid (sp. gr. 1*84) and dilute 
to 250 c.c. in a graduated flask. ^ Pipette out 
25 c.c. of this solution and oxidise it by run- 
ning in an approximately 0*02N-permanganate 
solution until a faint pink colour persists. 10 
c.c. of a 20 per cent, solution of potassium 
thiocyanate are then added and the mixture is 
titrated with the titanous chloride solution 
until the red colour of the ferric thiocyanate is 
just discharged. This titration gives directly 
the strength of the titanous chloride solution in 
terms of iron. Several litres of an approximately 
0*05N-ferric iron solution are next made ^ and 
the exact iron value of the solution determined 
by titration against the standardised titanous 
chloride. This ferric solution is used as a 
secondary standard for the subsequent re- 
standardisations of the titanous chloride, thus 
avoiding the preparation and oxidation of a 
standard ferrous iron solution. 

Titration with Titanous Sulphate . — Some chemists prefer to use a solution 
of titanous sulphate, as it is not nearly so sensitive to atmospheric oxidation 
as is the chloride and an open burette can be employed.^ A solution of 
titanic sulphate in 4N-sulphuric acid is made of approximately the required 
normality and, when needed, a suitable volume of it is reduced by shaking 

^ W. M. Thornton, jun., and A. E. Wood {Ind. En^. Chem., 19 , 150, 1927) report- that 
ferrous ammonium sulphate from different sources gives varying results. Hence they use 
an iron ore of accurately known iron content for the primary standard. E. Zintl and A. 
Rauch {Zeit. anorg. Chem., 146 , 281, 1925) standardise against pure copper sulphate. See E. 
Kneoht and E. Hibbert, Ne.w Reduction Methods in Volumetric Analysisy London, 55, 1918. 

• Ferric Iron Solution. — Dissolve 24 grms. of ammonium ferric alum, (NH 4 ) 2 S 04 . 
Pe2(S0|)j.24H20, in 250 c.c. of water, add 60 c.c. of sulphuric acid (sp. gr. 1 84) and dilute 
to one litre. 

* W. M. Thornton, junr., and J. E. Chapman, Journ. Amer. Omn. iSoc.y 43 , 91, 1921; 
W. M. Thornton, junr., 1 * 6 ., 44 , 998, 1922; A. S. Russell, Journ. Chem. 80 c., 497, 1926; W. M, 
Thornton, junr., and A. E. Wood, Ind. Eng. Chem., 19 , 150, 1927; H. Wilkinson and A. G. 
Tyler, Joum* 80 c. Dyers Col., 43 , 114, 225, 1927; S. Kaneko and C. Nemoto, Journ. 80 c. 
Chem. Ind. Japan, 35 , 348, 1932. 
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for one minute with zinc amalgam.^ The liquid is decanted into a flask, 
transferred to a burette and standardised immediately before use.^ 

§ 87. Determination of Iron with Ceric Sulphate— Lange’s Process. 

Although so far back as 1861 Lange recommended the use of ceric sulphate 
as a volumetric reagent, it is only since 1928 that this substance has found 
any extended ap])lication in analytical work.^ CVric sulphate dissolves in 
dilute acids to give an orange-coloured solution which has several advantages 
over potassium permanganate. For instance, (1) the solution is stable for 
months, })rovided reducing agents are excluded, and it is remarkably insensitive 
to external physical influences; (2) only one reduction product can be formed 
from ceric sulphate, namely, the cerous salt: 

2Ce(804)2 + Ha = -f H2SO4 

and (3) the reagent can be used in solutions containing a high concentration 
of hydrochloric acid. 

Preparation of the Solnf ion - About 35 grins, of purified cerous oxalate 
are ignited in an iron crucible at 600'' 625^" with occasional stirring until the 
whole of the cerium present in the mixed oxides has been converted into ceric 
oxide."* The ignited oxides are then digested with sulphuric acid ® (sp. gr. 1*5) 
at 125°-130° until dissolved. The solution is diluted and filtered, if necessary, 
from any insoluble residue and the filtrate made up to a litre to give an 
approximately 0*1 N-solution of ceric sulphate. Alternatively, 25 grins, of 
ceric nitrate are digested with concentrated sulphuric acid until the nitric 
acid has been completely expelled. The coiied solution is subsequently 
diluted to 500 c.c.® 

Standardisation . — Willard and Young standardise by direct titration at 
70° against a solution of sodium oxalate in dilute sulphuric acid.’ As soon 
as an excess of ceric sulphate is present the solution acquires a yellow tinge. 
They found in a blank determination, made at 70° on 200 c.c. of w'ater con- 
taining 20 c.c. of concentrated hydrochloric acid and 3- 5 c.c. of concentrated 
sulphuric acid, that 0-05 c.c. of 0-lN-ceric sulphate w^as needed to give a pale 

^ Heat 3 to 4 grms. of zinc with 1(K) grms. of mercury and some dilute sulphuric acid on 
a water bath for one hour. Well wash by decantation and separate the liquid amalgam 
from any solid residue. The amalgam can be used many times without loss of activity — 
T. Nakazono, Journ. Chem. Soc, Japans 42, 526, 1921. 

* For the use of titanous chloride in the volumetric determination of copper, tin and 
chromium, see E. Knecht and E. Hibbert, New lieductUm MrAhxls in Volumetric Aruxlysia^ 
London, 1918. 

» L. T. Lange, Journ. prakt. Chem., (1), 82, 129, 1801; F. L. Sonnenschein, Ber., 3, 631, 
1870; G. Barbieri, Chem. Ztg., 29, 668, 1905; N. H. Furman, Jmrn. Amer. Chem. Soc., 50, 
755, 1675, 1928; H. H. Willard and P. Young, *6., 50, 1322, 13.34, 1928; 51, 149, 1929; 
B. A. Soule, ih., 51, 2117, 1929; .J. A. Atanasia and V. Stefavescu, Ber.y 61B, 1343, 1928; 
R. Janssens, Natuurwetensch. Tijds.f 13, 2.57, 1931; R. Vanossi and R. Ferramola, Arwdes 
Asoc. Quim. Argentina, 20, 96, 1932; G. F. Smith, et al., Jnd. En^g. Chem. Anal. Ed., 8,449, 
1936. 

* Ceric salts normally contain other rare earths. Cerii^ oxide can be purchased. The 
amount to be taken depends upon the purity of the sample; e.g. eommercial ceric oxide 
contains about 40 per cent. CeOj. The amount of cerous oxalate recommended here refers to 
a grade which will give a residual ceric oxide of about 85 per cent, purity. Very pure ceric 
oxide must be treated with concentrated sulphuric acid to obtain the sulphate and the resulting 
paste slowly poured into water. Ceric sulphate is also on the market. 

^ Sufficient sulphuric acid should be taken to give a solution which will be 10 N to 2-0 N 
with respect to this acid on dilution to a litre. 

® A. J. Berry, Analyst^ 54, 461, 1929. 

^ A. J. Berry {lx.) standardises against ferrous ammonium sulphate with diphenylamine 
as indicator. 
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yellow colour. Hence they recommend that a correction of ~0-()5 c.c. should 
be applied in every titration. 

Determination of Ferrous Iron . — The iron in the acidified solution is 
suitably reduced and then titrated directly with the standardised ceric 
sulphate. Various indicators have been proposed. Willard and Young add 
to the reduced iron solution 15 c.c. of phosphoric acid solution^ (sp. gr. 1*37) 
and 0*8 c.c. of a 0-1 per cent, solution of diphenylamine; ^ the colour change 
at the end-i)oint is the same as that described in § 246, page 502. Mitchell and 
Ward use 0*5 c.c. of a 0*1 per cent, aqueous solution of Xylene cyanole FF;® 
a green colour is given, which changes very sharply to orange in the presence 
of excess of ceric sulphate. The colour change with both indicators is 
reversible, consequently over-titration can be corrected.^ 

§ 88. The Colorimetric Determination of Iron. 

In 1853, Herapath ® proj) 08 ed to utilise the red colour produced when 
potassium or ammonium thiocyanate is mixed with a ferric salt for the deter- 
mination of small quantities of iron.® According to Wagner,^ this reaction 
enables 1 part of iron to be recognised in 1,60{),00() parts of water. The 


^ Made by diluting' phosplioric acid (sp. gr. 1‘75) with an equal volume of water. 

® See footnote 5, page^ 502, for details of preparation. 

* A. J). Mitchell and A. M. Ward, Modern Methods in Quayititative Chemical Analysis^ 
London, J 6 , 1932. 

* For the uhc of Methyl red, Frio glaucine and Erie green as indicators, see N. H. Furman 
and J. H. Wallace, junr., Jonrn. Amer. Chem. Soc.^ 52 , 2347, 1930; for triphenylmethane 
derivatives, see K. V'anos.si and H. Ferraniola, /.r.; for o-phenanthroline, see G. H. Walden, 
junr., L. P. Hammett and U. P. Chapman, Journ. Amer. ('hem. Soc.^ 55 , 2649, 1933; for 
Alphazurine G, see R. R. Whitmoyer, lyid. Eng. Chem. AjiuL Ed.^ 6 , 268, 1934. 

^ T. J. Herapath, Jonrn. Chem. Soc., 5 , 27, 1852; A. Thomson, ib,, 47 , 493, 1885; 
J. Davies, Chem. Ne.v^s, 8 , 163, 1863; A. Zega, Chem. Ziy., 17 , 1564, 1893; F. Seiler and 
A. Verda, ib.^ 26 , 803, 1902; L. Ijapicque, Bull. Soc. chim.y (3), 2 , 295, 1890; (3), 8 , 113, 
1892; fJ. W. Leather, Journ. Soc. Chem. Ind.^ 24 , 385, 1905; A. Jolles, Arch. Hygiene^ 13 , 
402, 1901; N. Damaskin, Arbeit Pharm. Inst. Dorpat, 7 , 40, 1891; J. W. Mellor, Trans. 
Cer. .SV>r., 8 , 125, 1909; Hadank, Sprech., 42 , 445, 1909; T. T. Morrell, Amer. Chem., 4 , 
287, 1874; H. P. T. Oerura, Ze.it. anal, (^hetn., 43 , 147, 1904; A. Jolles, ib., 43 , 537, 1904; 
44 , 6 , 1905; H. A. Daniel and H. J. Harper, Journ. Assoc. Off. Agric. Chem., i*j, 286, 1934; 
F. Mylius and R. Fwrster, Her., 25 , 675, 1892; E. R. Budden and H. Hardy, Analyst, 19 , 
169, 1894; W. B. Walker, ib., 50 , 279, 1925; K. 11. Dovey, ib., 43 , 31, 1918; T. Matejka, 
Chem. Listy, 15 , 8 , 1921; K. Willstatter, Her., 53 B, 1152, *1920; L. Szegoe and B. Cassoni, 
Oiorn. Chim. itid. appl., 15 , 281, 1933. 

* H. B. Pulsifer {Journ. Amer. Chem. Soc., 26 , 967, 1906) used the red colour of ferric 

ace ty lace tonate with excellent results; and A. Vogel {N. Pep. Pharm., 25 , 180, 1876; 
S. Pagliani, Cazz. Chim. Hal., 9 , 23, 1879; E. E. Smith, Journ. Amer. Chem. Soc., 1 , 335, 1879), 
the red colour of ferric salts with salicylic acid. F. Alten, W. Weiland and E. Hille {Zeit. 
anorg. allgem. Chem., 215 , 81, 1933) used thiosalicylic acid. For the use of aa'-dipyridyl, 

see F. Blau, Moyiats., 19 , 647, 1898; F. Feigl, P. Krumholz and H. Hamburg, Zeit. anal. 

Chem., 90 , 199, 1932; K. Scharrer, Zeit. Pflanz, Diing. Bodenk, 33 A, 336, 1934; W. D, 

MacFarlane, hid. Eng. Chem. Ayial. Ed., 8 , 124, 1936. For the colours with ammonium 

sulphide, and with potassium ferrocyanide, see J. W, Mellor, Trans. Cer. So('.., 8 , 125, 
1909. For the detection and colorimetric determination of ferrous salts with 1: 2-dio.ximes, 
e,g. dimcthylgly oxime, see L. Tschugaeff and B. Orelkin, Zeit. anorg. Chem., 89 , 401, 1914; 
P. M. Koenig, Chim. et Ind., 7 , 55, 1922; E. J. Kraus, Zeit. anal. Chem., 71 , 189, 1927; for 
resoroylaldoxime, see S. L. Chien and T. M. Shih, Journ. Chinese Chem. Soc.., 5 , 154, 1937; for 
o-phenanthroline, L. G. Say well and B. B. Cunningham, InP. Eng. Chem. Anal. Ed., 9 , 67, 
1937; L. G. Say well, Fruit Products Journ., 16 , 201, 1937; for 7-iodo-8-hydroxyqumoline, 
J. H. Yoe and H. T. Hall, Journ. Amer. Chem. Soc., 59 , 872, 1937; H. W. Swank and M. G. 
Mellon, Ind. Eng. Chem. Anal. Ed., 9 , 406, 1937. 

^ A. Wagner^ Zeit. anal. Chem., 20 , 349, 1881, £, £. Smith {ib., 29 , 350, 1880) says 1 part 
in 8 , 000 , 000 . 
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colour is due to the formation of a double salt — Fe(CNS) 3 . 9KGNS . 4H20*^ A 
large excess of potassium thiocyanate is needed to transform all the ferric salt 
into the thiocyanate and so produce the maximum coloration. ^ The intensity 
of the coloration is proportional to the amount of ferric thiocyanate in solution ; 
hence, if a given solution containing a known amount of iron has the same 
colour as a solution containing an unknown amount of iron, it is inferred that 
both solutions have the same concentration, as indicated in discussing the 
principles of colorimetry, page 72. 

Unfortunately, the intensity of the coloration of solutions of ferric thio- 
cyanate is very sensitive to the presence of other salts in the solution.^ In the 
case of dilute aqueous solutions the intensity of the coloration is not quite pro- 
portional to the amount of ferric iron present in the solution,^ because some 
of the ferric thiocyanate is hydrolysed by the solvent: Fe(CN8)3-f-3H20;^ 
Fe(OH )3 4-3HCNS. Hence, when aqueous solutions are compared, the con- 
centration of the solutions must be approximately the same. With the pyro- 
sulphate fusion, in silicate analyses, the solutions have so nearly the same 
composition that the error from this cause can be regarded as negligibly small. 
Consequently, when but small quantities of iron are in question — up to 5 per 
cent. — the determination can be made much more conveniently by the colori- 
metric process than by gravimetric or volumetric methods. 

Test Solution , — The iron is here all in the ferric state ; if otherwise, it would 
be necessary to oxidise the solution first. Make the pyrosulphate fusion up 
to 250 c.c. with water. Pipette 25 c.c. into a 250 c.c.® flask, and make the 
solution up to the mark with water to give the test solution. 


^ G. Kriiss and H. Moraht, Liebig'" s Av 7 t., 209 , 98, 1889; Zcif, anorg. Chem., i, 399, 1893; 

A. Rosenheim and R. Cohn, ih., 27 , 295, 1901. 

* J. H. Gladstone, Phil, Trans,, 145 , 179, 1885; Journ, Chesn, Sor,, 9 , 54, 1850. 

® J. Pelousc (Ann. Chim, Phy 8 .,{\), 44 , 214, 1830) has shown that organic acids reduce 
the red colour very rapidly; also oxalates, citrates, tartrates, ai*etates, iodates, arsenates, 
phosphates, fluorides and sulphates. Barium, strontium and calcium chlorides exert a 
decolorising action (M. Venion, Chem. News, 66 , 177, 191, 202, 214, 1892; J. H. Gladstone, 
ib,, 67 , 1, 1893; A, Dupre, ib,, 32 , 15, 1875; A. J. Shilton, ib,, 50 , 234, 1884; H. Werner, 
Zeit. anal. Chem., 22 , 44, 1883); also A. von Hedenstrom and E. Kunau, Zeit. anal. Chem., 91 , 
17, 1932; alumina also retards the development of the colour (R. R. Tatlock, Journ. 80 c. 
Chem. Ind., 6 , 276, 352, 1887); and generally, the colour obtained with a given proportion 
of iron depends upon the nature of the substances present in the same solution. 

« J. Riban,BM//. 80 c. chim., (3), 6 , 916, 1892; (3), 7 , 199, 1892; G. Kriiss and H. Moraht, 
/.c. ; A. Rosenheim and A. Cohn, ZeM. anorg. Chem., 27 , 280, 1901 ; H. Schulze, Chem. Zig., 
17 , 2, 1893; H. Ley, Zeit. phys. Chem., 30 , 193, 1899; G. Magnanini, ib., 8 , 1 , 1891; 

R. Accad. Lincei, 7 , 104, 1891; P. N. van Eck, Pharm. Weekb., 53 , 1570, 1916; L. Andrews, 
Proc. Iowa Acad. Scmicea, i, 4 , 1894; C. F 6 ry and E. Tasailly, Bull. 8 ci. Pharm., 19 , 11, 
1912; E. Tassilly, Bull. 80 c. chim., (4), 13 , 34, 1913; O. Mayer, Monit. 8 cient., (5), 3 , 81, 1913; 

B. S. White, Journ. Ind. Eng. Chem., 7 , 1035, 1915; d. A. 8 chaeffer, ib., 4 , 669, 1912. In 
order to eliminate the variable effects produced by the presence of other substances in the 
same solution, Tatlock (l.c.) proposed to compare the tints of the ethereal extract of the 
ferric thiocyanate, since J. Natanson (LieJbig^ s Ann., 130 , 246, 1864; C. Claus, ib., 99 , 61, 
1866; W. Skey, Chem, News, 16 , 201, 324, 1867) has shown that, under these conditions, 
the reaction is more sensitive and less affected by the composition of the aqueous solution — 
G. Lunge, Zeit. angew. Chem., xo, 3, 1896; H. von Keler and G. Lunge, ib., 8 , 669, 1894; 
A. Seyda, Chem. Ztg., 22 , 1086, 1898; H. Lachs and H. Friedenthal, Biochem. Zeit., 32 , 
130, 1911. For similar reasons, W. M‘Kim Marriott and C. G. L. Wolf (Journ. Biol. Chem., 
1 , 451, 1905; J. W. Gregory, Proc. Chem. 80 c.., 23 , 306, 1907) used acetone. H, N. Stokes 
and J. R. Cain (Bull. Bur. 8 tandards, 3 , 115, 1907) and H. L. Smith and J. H. Cooke (Analyst, 
51 , 503, 1 926), a mixture of ether and isoamyl alcohol — 2 : 5. H. W. Winsor (Ind. Eng. Chem. 
Anal. Ed., 9 , 453, 1937) uses 2-methoxyethanol and reports that this solvent gives a colour 
85 per cent, more intense than that given by water. For the effect of ether containing per- 
oxides, see H. von Keler and G. Lunge, l,c., and H. N. Stokes and J. R. Cain, l.c. 

^ The dilutions must be modified to suit the iron content of the clay. The colour of the 
sample in the crucible after the determination of the loss on ignition gives a rough indication 
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The Comparison. — 5 c.c. of the standard ferric oxide solution ^ are diluted 
to 100 c.c. in a graduated flask, giving a solution containing 0*000005 grm. 

c.c. Part of this diluted solution is transferred to a burette reading 
to 0*1 C.C., while a similar burette is filled with distilled water. Two small 
specimen glasses, preferably with parallel sides {e.g. the test glasses of a 
colorimeter *), are filled with (a) a mixture of 10 c.c. of potassium thiocyanate 
solution ® with 10 c.c. of the buffer solution of potassium aluminium sulphate * 
and (b) a mixture of 10 c.c. of potassium thiocyanate solution with 10 c.c. of 
the test solution. 

The diluted standard iron solution is added drop by drop from the burette 
to solution (a) and an equivalent amount of water from the second burette to 
solution (6) — stirring the two solutions well after each addition — until the tints 
in the two test glasses are the same. The tints are viewed against a neutral 
background by light transmitted through the sides of the glasses, or a colori- 
meter may be used for comparison. If more than 6 or 8 c.c. of the standard 
ferric oxide solution are required the results will be inexact, because it is 
diflicult to determine the changes of tint with concentrated solutions of ferric 
thiocyanate. In this case, the test solution was not sufficiently diluted, and 
another start must be made with a more dilute solution. 

Calculations. — If w grms. of clay be taken for an analysis, then the 250 c.c. 
of solutioii obtained from the pyrosulphate fusion will contain all the ferric 
oxide from iv grms. of the clay. Assume that v c.c. of the pyrosulphate 
solution are diluted to 250 c.c. to give the test solution, and that V c.c. of the 
diluted standard ferric oxide solution are required to give a match in colour 
with 10 c.c. of the test solution. Each c.c. of the diluted standard ferric oxide 
solution contains 0*000005 grm. FcgOg. Hence V c.c. contain V x 0*000005 grm. 
Fe 203 . Consequently 10 c.c. of the test solution likewise contain V x 0*000005 
grm. FcgOg and 250 c.c. of the test solution will contain 25 x F x 0*000005 grm. 
FcgOg. But 250 c.c. of the test solution contain v c.c. of the original pyro- 
sulphate solution, therefore 250 c.c. of the pyrosulphate solution, or w grms. 
of the clay, have (250x25 x V x0-000005)/v grm. FcgOs. The percentage of 
ferric oxide in the clay is hence : — 

(100 X 250 X 25 X F X 0*000005)/t; x tc- 3*125 or 25V/8vtv 
For 1 grm. of clay and a dilution of 25 c.c. of pyrosulphate solution to 250 c.c. 
this reduces to F/8. 

It is well to take the mean of at least three determinations. 

of the requisite dilution. For white burning clays, make 25 c.c. up to 250 c.c. Cream- 
coloured calcined clays may require 10 c.c. diluted to 250 c.c. For red burning clays dilute 
5 c.c. to 250 or 500 c.c. 

^ Feeric Oxipe Solution. — Dissolve 0*0040 grm. of pure ammonium ferric alum, 
(NH4),S04.Fe2(S04)s.24H20, in water, add 5 c.c. of concentrated sulphuric acid, and, when 
cold, make the solution up to a litre. One c.c. of this solution represents 0*0001 grm. of 
FejOa, This solution will keep indefinitely, under conditions where more dilute solutions 
would hydrolyse and deposit a brown oxide on the glass. W. French, Chem. News^ 60, 235, 
1889; L. L. de Koninck, Bull. Soc. chim.^ (3), 23, 261, 1909. 

* Smaller cylinders may be used than those indicated for Weller’s colorimeter, page 74. 
Cylinders with a square cross-section, 2*5 cm. side and 8 cm. high, are convenient. 

• Potassium Thiocyanate Solution. — Dissolve 97 grms. of the recrystallised salt, free 
from iron, in a litre of water. For potassium chloride impurity, see J. Hendrick, Chem. NeAJos, 
63, 130, 1891. 

^ Potassium Aluminium Sulphate Solution. — Fuse 0*05 grm. of alumina, prepared by 
strongly igniting pure ammonium alum in a platinum dish, with 5 grms. of potassium pyro- 
sulphate until all is dissolved. Treat the solution as indicated for the pyrosulphate fusion, 
page 166. When the solution is made up to a litre, the amount used here should be such as 
to make the ocmoentration of the solution of potassium aluminium sulphate in the two test 
cylinders nearly the same. 
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§ 89. Colorimetric Determination with Thioglycollic Acid— 
Lyons^ Process. 

Ferric salts in a concentration greater than 1 in 100,000 give with thio- 
glycollic acid, CH 2 SH . COOH, a blue colour which fades as the iron is reduced 
to the ferrous state by excess of the reagent. On making the reduced solution 
alkaline, a colour develops which varies from pink to reddish-purple according 
to the concentration of the solution. Lyons ^ ascribes this colour to the 
formation of an intensely coloured ferrothioglycollate ion, Fe(CH 2 SCOO) 2 “ ". 

The test is best carried out at a dilution of about 1 in 500, 000.^ Five c.c. 
of the neutral or faintly acidic test solution are transferred to a test glass, one 
drop of thioglycollic acid is added followed by 0*5 c.c. of 0*88 sp. gr. ammonia 
solution. The colour is compared with that given by standards containing 
known amounts of iron. When a match in colour is obtained, the test and 
standard solutions are of equal con(;entrations, and the percentage of iron in 
the material under examination can be directly calculated. Nickel, cobalt, 
manganese and uranium interfere. When silver, mercury, tin, copper, 
cadmium, bismuth, zinc or magnesium is present in concentrations com- 
parable with the concentration of the iron, three to four drops of thioglycollic 
acid should be used. In concentrations of 1 in 1000 or over these metals 
interfere. This method makes possible the colorimetric determination of both 
ferrous and ferric iron in a solution. The total iron is determined by the 
thioglycollic acid and the ferric iron alone in a separate portion of the solution 
by the thiocyanate process. 

Krohnke ^ has described a method whereby amounts of iron of the order of 
0*01 mgrm. per litre can be determined colorimetrically by utilising the blue 
coloration produced when a chloroform solution of i,sr)-nitrosoac(^tophenone is 
mixed with a solution of ferrous iron. 


^ E. Lyons, Journ. Amtir, Chem. Soc., 49, J916, 1927; H. W. Swank and M. G. Mcllon» 
Ind. Eng. Chem>. An/il. Ed., 10 , 7, 1938. Compare K. Andreaseh, Jkr., 12 , 1390, 1879; J. P' 
ClaSsson, ib., 14, 411, 1881. 

* That is, about twice the normal dilution used in the thiocyanate process. 

* F. Krohnke, Goa und Wasserfach, 70, 510, 1927. F'or the determination of iron in 
glass sands, see G. E. F. Lundell and H. T. Knowles, Journ. Amer. Cer. Sor.., ii, 119, 1928; 
N. E. Densem, Journ, Soc. Glass Tech., 20, 303, 1936; L. Springer, ib., 20, 319, 1936. For a 
review of recently published papers on the determination of iron, sec M. Frommcs, Zeit. anal, 
Chem.., 97, 36, 1934. 



CHAPTER XV. 


THE DETERMINATION OF TITANIUM. 

§ 90. Weller's Colorimetric Process. 

S(^HEEKER ^ and Riley have emphasised the almost ubiquitous occurrence of 
titanium in silicate rocks. Clays rarely contain more than 4 per cent, of 
titanic^ oxide, and where this limit is not exceeded, the colorimetric process ^ is 
usually the most convenient, though gravimetric and volumetric methods are 
also available ^ — see pages 193 and 197. 

A solution of titanium sulphate y)roduces an orange-yellow colour when 
oxidised with hydrogen peroxide.^ The intensity of the coloration depends 
u])on the proj)ortion of titanium present.^ If, therefore, a solution containing 
a known amount of titanium has the same tint as another solution of equal 
thickness of liquid, it is assumed that both solutions contain the same pro- 
portion of titanium. Hydrogen peroxide is therefore added to the solution 
under investigation, and the standard solution, containing a known amount of 
titanium, is systematically diluted until both solutions have the same tint.® 

The presence of fluorine leads to low results, because fluorine partially 
bleaches the yellow colour f)roduced by hydrogen peroxide. For instance, 
with solutions containing ()*01 grm. of titanic oxide: 

Hydrofluoric acid ])resent . ()*()0 ()*0()039 0*00194 0*0039. grm. 

Titanic oxide found , . 0*01 0*0093 0*0080 0*0068 grm. 

Steiger ’ has proposed a colorimetric process for fluorine based on this property. 


^ T. »S('}u»er(»r, Licbuj h Ann,, 92, 178, 1854; Chem. News, i, I4:i, 18(50; K. Kiley, Journ. 
Chem. ^Soc., 12, 13, 186(); L. Dieulafait, Compt. rend., 93, 804, 1881. 

* Note, if the filtrate from the siliea is treated with hydrogen sulphide, some titanium 
will be precipitated by the hydrogen sulphide. 

* For a review of methods for the determination of titanium and zirconium, see J. W. 
Harden, U.S. Bur. Mines Hull,, 212, viii, 281, 1923. 

* H. Schonn, Zeit. anal. Chem,., 8, 380, 18(59; 9, 41, 330, 1870; A. Piccini, Atti R. Accad. 
Z/tWi, (3), 6, 180, 1882; Oazz.Chim, Hal, 12 , 151, IHS2; 13,57,1883; 14,38,1884; V. Lehner 
and W. G. Crawford {Journ. Amer, Chem. Soc., 35, 138, 1913) recommend thymol; H. J. H. 
Fenton {Journ. Chem. Soc., 93, 1064, 1908) dihydroxymaleic acid — page 519; M. Schenk 
{Helv. Chim. Acta, 19, 1127, 1936) salicylic acid, in the absence of iron. It is sometimes stated 
that titanium compounds give a yellow colour with ether in the presence of alcohol. This 
only occurs when the ether contains organic peroxides. C. Baskerville and W. A. Hamor, 
Journ. Ind. Eng. Chem., 3, 378, 1911; A. St&hler, Ber., 38, 2619, 1905; A. Jorrisen, Ann. 
Chim. anal., 8, 201, 1903; Journ. Pharm.., Liege, 33, 1903. R. Schwarz {Zeit. anorg. allgem. 
Chem., 210, 308, 1933) says that the colour is not due to pertitanic acid, TiOj.wHgO, but to the 
formation of a complex, H2[Ti02(S04)2]. 

® H. Ginsberg {Zeit. anorg. allgem. Chem., 198, 162, 1931; 209, 105, 1932; 2II, 401, 
1933; 226, 57, 1935) states that with less than 0*3 mgm. TiO* per 100 c.c. the depth of colour 
is not proportional to the concentration, 

® A. Weller, Ber., 15, 2599, 1882; C. Baskerville, Journ. Soc. Chem. Ind., 19, 419, 1900; 
J, Brakes, ib., 20, 23, 1901; H. M, Ullmann and J. W. Boyer, Chem. Eng., 10, 163, 1909; 
A. Gautier, Chim,, i, 177, 1910; Rev. gen. Chim., X4, 14, 1910; G. P, Pamfil, Monit. Scierd., 
(4), 24, 643, 1911. 

’ T. B, Osborne, Amer. J. Science., (3), 30, 329, 1885; Chem. News, 53, 43, 1886; W. F. 
Hillebrand, ib., 72, 158, 1895; Journ. Amer. Chem. Soc., 17, 718, 1895; J. H. Walton, 
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The presence of phosphoric acid bleaches the colour and leads to low 
results.^ For instance, with solutions containing the same amount of titanium 
oxide, 0*01 grm. : 

Phosphoric acid 0-00 0-13 0*26 0-52 078 1*04 1*30 grm. 

Titanic oxide 0*0100 00090 0*0083 0*0074 0*0069 0*0066 0*0064 grm. 

Potassium sulphate also weakens the tint produced by the titanium oxide, 
unless an excess of sulphuric acid be present.^ For instance, with 6 grrns, of 
potassium sulphate in each of three solutions containing the same amounts of 
titanium and hydrogen peroxide, Merwin found: 

H2SO4 .0*4 2*9 8*0 c.c. 

Bleaching .... 21 14 5 per cent. 

From which it follows that, the greater the excess of sulphuric acid, the less the 
bleaching action. 

Owing to the fact that the test solution obtained in the above analytical 
scheme contains the potassium sulphate used in the pyrosulphate fusion, an 
equivalent amount of potassium sulphate can be added to the standard 
solution in order that the comparison of tints can be made under similar 
conditions. In the same way, if the test solution contains appreciable 
quantities of phosphoric acid, an equivalent amount of phosphoric acid can be 
added to the standard solution. 

A solution of ammonium molybdate in nitric acid,® as well as uranium * 
and vanadium salts,® gives somewhat similar tints, and hence these salts and 
chromates ® should be absent. The influence of iron salts will be discussed 
later. 

The colorimetric process works well with quantities of titania in clay up to 
about 4 per cent. There is a wide range over which the process is accur- 
ate. This ranges between concentrations represented by 0*0015 and 0*0200 

29, 481, 1907; G. Steiger, ih., 30, 219, 1908; H. E. Merwin, Amer, J. Science, (4), 28, 119, 
1909; E. Jackson, Chcvi. NeM'e, 47, 157, 1883; L. L6vy, Compt, rend,, 105, 754, 1888; 
C. Keichard, Chem. Ztg,, 28, 16, 1904. 

^ F. G. Germuth (Journ. Amer. Chem. 80 c-., 50, 1910, 1928) recommends the addition 
of 1 c.c. of 0*1 per cent, uranium acetate solution for every 0*0001 grm. TiO* present to 
counteract the bleaching influence of the phosphoric acid. The effect is stated to be inde- 
pendent of the amount of phosphoric acid present. S. N. Rozanov and V. A. Kazarinova 
\Zeit. Pfianz. Dung. Bodenk, 35A, 223, 1934) have adapted Weller’s procciss to materials high 
in phosphorus pentoxide. 

* According to G. Steiger (l.c.), sodium salts give too high results. 

* H. Schonn, Zeit. anal. Chem., 9, 41, 330, 1870; H. Bftrwald, Ber., 18, 1206, 1886; 
Beitrdge zur Kenntnia dea MolybddTis, Berlin, 1885; T. Fairley, Journ. Chem. 80 c., 31, 127, 
1877; J. Aloy, Bull. 80 c. chim., (3), 27, 734, 1903; Chem. News, 87, 102, 1903; G. Denig^s, 
Bull, 80 c. chim., (3), 7i 1892; J. Werthier, Journ. prakt. Chem., (i), 83, 195, 1861; J. B. 
Cammerer, Chem. Ztg., 15, 967, 1891; E. Pochard, Oompt. rend., 112, 720, 1891; 124, 1368, 
1481, 1892; Ann. Chim. Phys., (6), 28, 537, 1893; G. Moller, Zeit. phys. Chem., 12 , 655, 
1893; W. Muthmann and W. Nagel, Zeit. anorg. Chem., 17, 73, 1898; H, Dufet, Zeit. Kryst., 
22, 694, 1894; A. Fock, ib., 22, 32, 1894. 

Uranium salts (T. Fairley, Journ. Chem. 80 c., 31, 127, 1877; Chem. News, 33, 237, 
1876; Bull. 80 c. chim., (2), 27, 111, 1877) give a yellow colour with hydrogen peroxide; 
tungsten salts give a similar tint — J. B. Cammerer, Chem. Ztg., 15, 967, 1891 ,* A. Piooini, 
Zeit. anorg. Chem., 1 , 51, 1892; E. Pochard, Compt. rend., 112 , 720, 1891. Columbium salts 
give a yellowish-green colour, so that the test for titanium is not rehable in the presence 
of columbium — R. D. Hall and E. F. Smith, Journ. Amer. Chem. 80 c., 27, 1369, 1906; 
C. W. Balke, ib., 30, 1637, 1908. 

» G. Werther, Journ. prakt. Chem., (1), 83, 196, 1861; E, Jackson, Chem. News, 47, 167, 
1883; A. Soheuer, Zeit. anorg. Chem., 16 , 284, 1898. 

* L. C. A. Barreswil, Ann. Chim. Phys., (3), 20, 364, 1847; Journ, prakt. Chem., {!), 4s. 
393, 1847 ; H. Moissaii, Compt, rmd., 97, 96, 1883. 
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grm. titanium per 100 c.c. According to Wells, ^ the change in concentration 
required to produce a perceptible difference in the intensity of the colour of two 
solutions is about 6*5 per cent. The error is greater with weaker solutions, 
although by increasing the thickness of the layer of liquid ^ satisfactory com- 
parisons can be made with solutions containing less than 0-0015 grm. of 
titanium per 100 c.c. Solutions more concentrated than 0*0200 grm. per 
100 c.c. are not suited for colorimetric work. With the exercise of the greatest 
care, the accuracy of the colorimetric process for titanium is about 2 per cent. 
If more than 4 per cent, of titanic oxide be present, the gravimetric or volu- 
metric processes are more reliable. More accurate results are obtained with 
colours not too intense, as the eye is not so sensitive to the small differences of 
tint in concentrated solutions. Colours approximating a deep straw yellow 
give the best results. The left eye is usually rather more sensitive than the 
right eye. Better results arc obtained after a little practice with test solutions 
of known strength. Cf. p. 76. 

Preparation of the Test Solution . — Pipette 50 c.c. of the stock solution 
obtained from the pyrosulphate fusion into a 100 c.c. graduated flask, add to it 
9 c.c. of concentrated sulphuric acid® and sufficient hydrogen peroxide^ to 
oxidise all the titanium in the solution. In general, 5 to 10 c.c. of hydrogen 
peroxide (10 vols.) suffice for 0-5 to 2 per cent, of titanium oxide. Make the 
solution up to 100 c.c. with distilled water. Pour a part of this solution 
into a test glass or the left cylinder of the colorimeter. 

Preparation of the Standard Solution.— Pipette 5 c.c. of the standard solution ® 
of titanium sulphate, containing 1 grm. TiOg per litre, into a 100 c.c. flask; 
add 10 c.c. of hydrogen peroxide,® and make the solution up to 100 c.c."^ Each 

^ R. C. WeIJs, Jours. Amer. Chcm. /S'oc., 33, 504, 1911. 

* In colorimeters of the type of Duboscq's (page 73). 

* The solution should contain between 15 and 17 pt>r cent, of sulphuric acid — that is, 
9 c.c. of acid per KK) c.c., otherwise the resulte may Iw low owing to the bleaching action 
of potassium sulphate. P, Faber, Ckeni. Ztg.^ 31, 263, 1906; Zeit. anal. Chem.f 46, 277, 
1907; F. P. Dunnington, Jmirn. Amer. Ohem. Soc., 13, 210, 1891. 

* Hydrogen Peroxide. — This must be free from all traces of fluorides and phosphoric 
acid. For the detection of phosphates in hydrogen peroxide, see J. Dalietos, Zeit. anorg. 
altgem. Chem., 217, 346, 1934. Pure aqueous solutions of hydrogen peroxide can be pur- 
chased; they should preferably Ixj stored in a cool, dark place, to minimise spontaneous 
decomposition. The solution keeps better if acidified with tfilute sulphuric acid. 

* Standard Solction of Titanium Oxide. — Fuse 1 grm. of pure titanic oxide with 
15-20 grms. of potassium pyrosulphate until all has dissolved. The cold cake is extracted with 
dilute sulphuric acid and 50 c.c. of the concentrated acid then added. The mixture is gently 
warmed on a water bath until the cake has completely dissolved, and then the solution is 
diluted to 1 litre. If the purity of the titanic oxide is suspect, make the solution up to, 
say, 900 c.c. Take 50 c.c., dilute with water, heat to boiling, and precipitate the titanium 
hydroxide by the addition of ammonia. Wash the precipitate with hot water until free from 
alkalies, ignite, blast and w'eigh. Duplicate determinations should be concordant. The 
solution is now diluted until it contains exactly 1 grm. of TiOj per litre. The solution should 
be kept in a bottle with a glass stopper coated wdth vaseline. Withdraw the amount needed 
for a determination by means of a pipette. Do not pour the solution from the bottle. See 
page 736 for an alternative process. W^ M. Thornton, jun., and R. Roseman {Amer. Journ. 
ScUf (5), 20, 14, 1930) use potassium titanium oxalate, K,Ti0(C,04)2.2H,0, for the prepara- 
tion of the colorimetric standard. The salt is mixed with ammonium sulphate, gradually 
heated with concentrated sulphuric acid and then boiled for a few minutes. 

* Both solutions should always be freshly prepared for a test. 

’ As much potassium sulphate as is present in the test solution may be added to the flask 
b^or© making up with water to 100 c.c. If m grms. of potassium pyrosiflphate have been 
used for the fusion of the ammonia precipitate, the 250 c.c. of stock solution obtained from 
the fusion will contain 0*7m grm, of potassium sulphate or 0*14m grm. per 50 c.c. of solution. 
Hence, approximately 20 c.c. of a solution of potassium sulphate containing 7m grms. K2SO4 
per litre will be needed. The same quantity of potassium sulphate is added per 100 c.c. of 
water from the burette. 
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cubic centimetre is then equivalent to 0*00005 grm. of TiOg. Put 10 c.c. of 
this standard solution into another test glass or the right cylinder of the colori- 
meter, and 50 c.c. of water into a burette.^ Add water to the diluted standard 
solution, with stirring, until its colour is the same as that of the test solution. 
Note the amount of water added. 

Calculation , — Suppose that v c.c. of water have to be added to the 10 c.c. 
of diluted standard titanium solution to produce equality in tint. The 5 c.c. 
of the standard solution contains 0*CK>5 grm. TiOg*, this is diluted to 100 c.c., 
consequently 10 c.c. of the diluted solution contains 0*0005 grm. TiOg. Hence, 
the test solution contains the equivalent of 0*0005 grm.tTiOg per (10 + ^0 
therefore 100 c.c. of the same solution contains (100 x 0*0005)/(10 -f i’) grm. 
TiOg. But the 100 c.c. of test solution was made up from 50 c.c. of the stock 
solution from the pyrosulphate fusion, and as 250 c.c. of the stock solution 
contains all the titanium oxide from I grm. of clay, 50 c.c. of it represents 
0*2 grm. of clay. Consequently the clay contains (100 x 0*0005 x 100)1(10 + v) 
X 0*2 = 25/(10 -f-t’) per cent, of TiOg. If w grins, of clay be taken for analysis, 
and if V c.c. of the stock vsolution be diluted to 100 c.c., the per cent, of TiOg 
becomes 1250/(10 + v) 

Correction for Iron , — According to Faber, if much iron be present, the 
results may be too high, because the iron intensifies the colour of the test 
solution. Hillebraud deducts 0*02 per cent, from the final result for every 10 
per cent, of iron oxide present.^ Faber ® recommends the addition of phos- 
phoric acid to both the standard and the test solutions in order to neutralise 
the effect of iron. It is necessary to add the phosphoric acid to both solutions, 
because it weakens the yellow tint, and both solutions are then affected in 
the same way. 20 c.c. of phosphoric acid (sp. gr. 1*3) per 100 c.c. will usually 
suffice. 

W. A. Noyes ^ adds an amount of ferric ammonium alum ^ to the standard 
approximately equivalent to the amount of ferric oxide in the test solution. To 
allow for the presence of iron, therefore, first make an approximate determina- 
tion of the titanium in the clay. Let a denote the final volume in c.c. of the 
standard after dilution; h the number of c.c. of water used in diluting the 
standard; p the amount of iron in the test solution in terms of FegOg per 
c.c. and x the amount of FcgOg to be added per c.c. of water used in diluting 
the standard in the final test. Hence, bx denotes the amount of ferric oxide in 
the water used for diluting the standard solution; and ap denotes the amount 
of ferric oxide in the a c.c. of the diluted standard solution. Consequently, 

bx = ap; or, x-apjb FcgOg grm. per c.c. 

The ferric oxide is added as ferric ammonium sulphate. Since 160 grins, of 
ferric oxide are equivalent to 964 grms. of ferric ammonium alum, every gram 
of ferric oxide corresponds with 6 grms. of ferric ammonium alum. 


^ The test solution should have a paler tint than the standard before the latter is diluted 
from the burette. If the clay contained excessive amounts of TiO,, it may be necessary to 
take only 25 or even 1 0 c.c. of the stock solution from the pyrosulphate fusion in making up 
the test solution, or the standard solution may be made more concentrated* 

* W. F. Hillebrand, Bvll. U,S, Oeol, 8ur,, 700 , 160, 1919. 

* P. Faber, Chem. Ztg,^ 31 , 263, 1906; J. H. Walton, Joum, Amer, Chem, Soc,, 29 , 481, 
1907. 

* W. A. Noyes, Jotirn, Anal. App, Chem,^ 5 , 39, 1891. 

* Standabd Iron Solution. — dissolve 30 grms. of ferric ammonium sulphate in 500 
c.c. of water, add 100 c.c. of concentrated suiphiirio acid and make the solution up to a litre* 
The solution may be standardised, if necessary, by titration (page 180). Ferrous salts may 
exert a bleaching action on the titanium colour. 
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Gautier ^ recommends making up a permanent set of standard comparison 
tints from methyl orange dissolved in water; as a matter of fact this method is 
somewhat risky. Lovibond’s tintometer offers some advantages in making up 
a standard comparison scale; see page 75. 

Results. — To show the deviations which might be expected in titanium 
determinations, the following results were obtained in eight independent 
determinations of titanium in one sample of clay: — 

0-0120; 0-0125; 0-0125; 0-0113; 0-0114; 0-0126; 0-0125; 0-0113 
with a mean value 0-0120, or 1-20 per cent. The deviations from the mean 
are approximately ;L0-07. 

§ 91. The Gravimetric Determination of Titanium — 

Gooch’s Process. 

Titanium can be se})arated from aluminium by the prolonged boiling of a 
slightly acid solution of the sulphates.^ Thus, L6vy found the amount of 
hydrolysis {cf, page 162) in solutions containing titanium and aluminium 
sulphates partly “neutralised’’ with potassium hydroxide and boiled for six 
hours: — 

Table XXXIII. Effect of Sulphuric Acid on the PrerApitation of 

Titanic Oxide. 


Fre(5 H 2 SO 4 pt^r j 

IfV) /> r> 1 

Titanic oxide. 

! 

1 Used. 

1 

Precipitated. 

0-000 * 

0-086 

O-IOS 

0 -(K )0 ! 

! 0-086 

I O'] 00 

O-(KX) 

0-036 

1 0-047 

0-083 

i 0-036 

0-036 

0-500 

0-086 

0-085 

1-000 

0-082 

0-086 

5-766 

0().30 

O-(MK) 


* Slight excess of potassium hydroxide. 

These results clearly show that if too much sulphuric acid be present, the 
titanium will be but imperfectly precipitated, whereas if too little acid be 
present, some aluminium wdll be precipitated. Hence the adjustment of the 
acidity of the solution is so difficult that the process is not at all satisfactory 
for general work.® Gooch’s ^ method is based upon the solubility of alumina and 

^ A. Gautier, Chim., 2 , 2 , 1911; Rev. gen. Chim., 14 , 16, 1911. 1 grm. of methyl orange 
is dissolved in 500 c.c. of water; 10 c.c. of this solution are diluted to 200 c.c.; and the 
solution is matched with solutions containing known amounts of titanium. The standards can 
afterwards be preserved, for, according to Gautier, they do not fade. 

* Zirconium, if present, will be precipitated under similar conditions — O. Hauser, Zeit. 
anorg. Chem.y 45 , 185, 1905; J. J. Berzelius, Pogg. Ann.y 4 , 117, 1825; H. Rose, /A, 83 , 
148, 1851. 

* L. Ijevy, Journ. Pharm. Chem., (5), 16 , 56, 1887; Ann. Chim. Phys., ( 6 ), 25 , 433, 1892; 
H. Pellet and C. Fribourg, Ann. Agron.y (2), 2 , 20, 1905; P. Holland, Ohem. News, 59 , 27, 
1889; D. Forbes, ib., 19 , 3, 1869; J. Brakes, Journ. 80 c. Chem. Ind., i 8 , 1097, 1899; C. 
Baskerville, ib., 19 , 419, 19(K); P. Farup and E. Schreiner, Tidschrift Kem. Farm. Terapi, 
II, 65, 1914; it. Kayser, Zeit. anorg. Chem., 138 , 43, 1924. A. Leclerc {Compt. rend., 137 , 
50, 1904) adds to an aqueous solution of the potassium bisulphate fusion enough formic acid 
to make the solution 5 per cent. acid. On standing two days at 100 ° all the titanic acid and 
silica are said to be precipitated. 

* F. A. Gooch, Proc. Amer. Acad. Science, (2), I2, 435, 1885; Amer. Chem. Journ., 7 , 
283, 1886; Chem. Ne/wa, 52 , 65, 68 , 1886; T. M. Chatard, ib., 63 , 269, 1891; Amer. Chem. 

13 
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the insolubility of titanium hydroxide in solutions containing morfe than 5 per 
cent, of acetic acid by volume. The reaction is so delicate that Gooch obtained 
a distinct opalescence when O'OOOb grm. of titanic oxide was present in 500 c.c. 
of liquid containing in solution 10 grms. of alum, 15 grins, of sodium acetate 
and 7 per cent, of acetic acid by volume. The process gives excellent separa- 
tions of aluminium and titanium, but it does not work well in the presence 
of iron. The precipitation of basic ferric acetate will be prevented by the 
presence of 11 per cent, of acetic acid, yet '‘in the presence of a solution of 
ferric acetate, titanium shows a very marked tendency to remain dissolved.** 
Thus, 400 c.c. of a solution of 10 grms. of sodium acetate, 17 per cent, of acetic 
acid and the equivalent of 0*2 grm. of ferric oxide retained 0*06 grin, of titanium 
oxide in solution.^ It is advisable to separate the iron as sulphide ^ from the 
mixture containing aluminium^ iron and titanium sulphates. The gravimetric 
determination involves four operations: — 

1. Separation of Iron from Titanium and Aluminium ,^ — The iron is best 
precipitated as ferrous sulphide from the feebly ammoniacal solution containing 
sufiScient tartaric acid to keep the aluminium and titanium in solution. An 
amount of tartaric acid equal to three times the weight of the oxides to be held 
in solution is sufficient unless ammonium salts be present in great excess. 
Hence add, say, 0*7 grm. of tartaric acid to the solution; ^ reduce the iron to 
ferrous sulphide by means of hydrogen sulphide.® Add ammonia until the 
solution has cleared and the ammonia is in slight excess. Again pass hydrogen 
sulphide through the solution.® The clear supernatant liquid should not be 
tinted green,’ though it may be slightly yellow. Filter the solution and wash 
the precipitate as quickly as possible with water containing ammonium sulphide 
in solution.® The precipitated iron may be dissolved in hydrochloric acid, 
boiled to expel hydrogen sulphide, oxidised with hydrogen peroxide, pre- 
cipitated with ammonia, ignited and weighed as FegOg. 


Journ., 13 , 106, 1891; B. Neumann, JStahl Eise.n, 30 , 457, 1910; H. L. Vogt, Zeit. prakt. 
Oeol, 8 , 379, 1900; VV. F. Hillebrand, Bull. U.8. Geol. Sur., 700 , 162, 1919; V. T. Austen 
and If’. A. Wilber, Amer. Chew. Jouru., 5 , 389, 1883; Chem. News, 48 , 113, 1883; G. Werther, 
Journ. prakt. Chem., ( 1 ), 91 , 321, 1864; C. Baskerville, Jourri. Amer. Chem. Sov., 16 , 427, 
1894; J. W. Bain, ib., 25 , 1073, 1903; H. Wdowiszewski, Min. Jvurn,, 85 , 1200, 

1908; W. M. Thornton, Eng. Min. Journ., 94 , 353, 1912; E. A. Schneider, Zeit. anorg. Chem., 
8 , 81, 1895. For the separation of titanium from aluminium by guanidine carbonate, see 
A. Jilek and J. Kota, Coll. Czech. Chem. Comm., 4 , 412, 1932; by 8 -hydroxyquinoline, 
H. Wabnitz, Sprechsaal, 65 , 594, 1932. For the separation of titanium phosphate from 
aluminium and iron, see E. J. Ericson, Iron Age, 72 , 4^1903; G. S. Jamieson and R. Wren- 
shall, Journ. Ind. Eng. Chem,, 6 , 203, 1914; J. J. Morgan, Chem. News, 75 , 134, 1897. C. V. 
Potapenko {Keramilm i Steklo, 6 , 29, 1930) describes a method for the determination of 
titanium and iron in silicates whereby the melt, obtained by fusion with alkali carbonates, 
can be dissolved without separation of silica. For the determination of titanium as phosphate, 
see J. C. Ghosh, Journ. Indian Chem. Soc., 8 , 695, 1931. 

^ G. Streit and B. Franz, Journ. prakt. Chem., ( 1 ), 108 , 65, 1869. 

* F. Reich, Journ. prakt. Chem., (1), 83 , 266, 1861; R. Fresenius, Zeit. anal. Chem., i, 69, 

1862. ft 

* Also chromium — J. J. Berzelius, Pogg. Ann., 4 , 3, 1825. Yu. Yu. Ijux'^^modskaya 
Lab., 3 , 1127, 1934) hydrolyses titanium and aluminium by thiosulphate, whiflBlu remains 
in solution in the ferrous state. 

* The tartaric acid must be free from alumina. 

* A. Cathrein {Zeit. Kryst., 6, 244, 1882; 7 , 250, 1883) recommends a repetition of the 
process to recover traces of titanium precipitated with the iron. 

* Some platinum sulphide may separate. If so, filter and wash. The platinum crucible 
is slightly attacked during the bisulphate fusion. 

’ Showing that “ferrous” iron is still in solution. 

® Keep the funnel covered with a clock-glass to prevent oxidation as much as possible, 
otherwise soluble ferrous sulphate may be formed. For the solubility of ferrous sulphide 
in alkali sulphides, see A. Konschegg and H. Malfatti, Zeit. anal. Chenu, 45 , 747, 1906. 
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2. Decomposition of the Tartaric Acid} — The filtrate and washings may ^ be 
concentrated by evaporation, the solution acidified with sulphuric acid and 
suflScient potassium permanganate added to leave the solution distinctly 
coloured after all the tartaric acid has been oxidised.® Generally, about 2*5 
times the weight of the tartaric acid is needed. If a deposit of manganese 
hydroxide is formed, add sulphurous acid until it is dissolved. 

3. Separation of Titanium from Aluminium} — The solution may now 
contain manganese, aluminium and titanium, together with some potassium 
sulphate. Add ammonia until the precipitate first formed dissolves with 
difficulty on stirring. If the precipitate does not dissolve, a drop or two of 
hydrochloric acid may be added. Add 20 grins, of sodium acetate and 7 to 10 
c.c. of glacial acetic acid for every 100 c.c. of the solution under treatment (that 
is, about one-tenth the volume of the solution). Heat the solution to boiling 
and, after boiling one minute, let it stand a few more minutes to allow the 
flocculent precipitate of titanium hydroxide to subside. Decant the solution 
through an open -grained filter-paper and wash the precipitate first with 
7 per cent, acetic acid and finally with hot water. Dry the precipitate. 
Ignite 15 to 20 minutes over a Meker’s burner. Cool and weigh as TiOg. 

4. Purification of the Titanium Oxide . — The titanium oxide carries down 
some manganese, alumina, alkali sulphates and vanadic acid. For exact 
work, thejcfore, the precipitate must be fused with about 10 times its weight 
of sodium carbonate ® for about an hour over a blast. A residue of sodium 
titanate,® insoluble in water, remains; sodium phosphate, vanadate and 
aluminate pass into solution. Filter and wash with water, containing a little 
sodium carbonate. Dry. Transfer the residue from the filter-paper to a 
watch-glass. Ignite the filter-paper in the crucible and add the powder in the 
watch-glass to the ash. Fuse the contents with a little sodium carbonate. 
Cool. Dissolve in 150 c.c. of water containing 10 c.c. of sulphuric acid (sp. gr. 
1'84). Nearly neutralise with ammonia as before and treat the solution with 
5 grms. of sodium acetate and one-tenth its volume of glacial acetic acid. Boil 
one minute, filter and wash as before (v. supra). The fusions, precipitations and 
ignitions should be repeated until the “titanium oxide” obtained is white in 
colour and constant in weight. Usually the two precipitations indicated above 
suffice. The purification of the precipitate does not take so long, because the 
precipitated titanium hydroxide is flocculent and filters easily. In illustration, 
the following results represent the weights obtained with a titaniferous 
bauxite : — 


^ Enough sulphuric acid should bo present to leave an excess after all the permanganate 
subsequently added has formed manganese sulphate. M. Dittrich and R. Pohl (Zeit. anorg. 
Ckem., 43, 236, 1905) prefer oxidising the tartaric acid by evaporating to dryness, and digest- 
ing the residue with dilute sulphuric acid and potassium persulphate; W. M. Thornton, jun., 
{Amer. J. Science^ (4), 34, 214, 1912; W. R. Schoeller, Analyst^ 56, 306, 1931) uses a mixture 
of sulphuric and nitric acids. See page 316. According to W. M. Thornton {ib., (4), 37, 
173, 407, 1914), there is no need to oxidise the tartaric acid. After the precipitation of the 
iron, the hydrogen sulphide is boiled off and 25 c.c. of dilute (1:1) sulphuric acid added to 
every 100 c.c. of the solution. Then sufficient aqua ammonia is added to leave about 2-5 c.c. 
of the (1:1) acid per 100 c.c. of solution, followed by a slight excess of a cold aqueous 6 per 
cent, solution of cupferron in the cold. Titanium (also zirconium) is precipitated. The 
titanium precipitate is treated as indicated on p. 504. 

* A. Fleischer, Bcr., 5, 360, 1872; J. Hetper, Bull. Acad. Bcieuce Cracow, 601, 1910; 
L. Lindet, Chem, News, 76, 212, 1897. 

* To carbonic and formic acids. 

* For alternative methods, see L. Moser and £. Irdnyi, Monats., 43, 673, 679, 1923. 

‘ A pink or green ooloration is due to manganese. 

* Iron oxide, if present, will also remain insoluble. 
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1st 2nd 3rd 4 th precipitation 

0*0752 0*0699 0*0694 0*0696 grin. TiOg obtained. 

If zirconium be present, the titanium does not precipitate satisfactorily by 
this method, since, as Gooch has pointed out, the zirconium oxide acts in a 
similar manner to the ferric oxide mentioned above. Hillebrand ^ showed 
that zirconium in presence of titanium prevents the precipitation of the 
latter, thus: 0*2 percent, of zirconia in a solution prevented the precipitation 
of 0*3 per cent, of TiOg. Hence, Hillebrand recommends the removal of the 
zirconium as phosphate by the method indicated on page 554 before the 
titanium is determined, ^ 


§ 92. Blair’s Modification of Gooch’s Gravimetric Process. 

If the amount of titanium is large, time can sometimes be saved by de- 
termining the amount of titanium in the original sample by Blair’s process.^ 

Separation of Iron, etc. — Fuse, say, 1 grm. of the sample with 6-8 times 
its weight of sodium carbonate and a gram of sodium nitrite. Digest the cold 
mass with water. Filter off the insoluble residue which contains ferric oxide, 
sodium titanate, etc.^ Dry and ignite the residue to burn off the filter-paper. 

Solution of Titanium Oxide. — Fuse the residue with 15 20 times its weight 
of potassium pyrosulphate. When cold, add 2 -3 c.c. of concentrated sulphuric 
acid and heat again until all is melted. Leave a piece of thick platinum wire 
in the fused mass. When cold, heat the crucible just to soften the cake in 
contact with the crucible, and transfer the cake, by means of the piece of 
platinum wire, to a 600 c.c. beaker. Wash the crucible and lid with 5 per cent, 
sulphuric acid, and make the washings in the beaker up to 150-200 c.c. with 
the 5 per cent, sulphuric acid. 

Precipitation of Titamic Owic.— Add 50 c.c. sulphurous acid.® Warm the 
solution, but not hotter than can be held comfortably by the hand. This 
accelerates the solution of the pyrovsulphate cake and the acid prevents the pre- 
cipitation of the titanium at this temperature. If necessary, filter the solution 
from any silica which may separate. Add ammonia ® until the precipitate 
which forms redissolves with difficulty.’ Treat the solution with 10 c.c. of 
sulphurous acid, 20 grms. of sodium acetate dissolved in a little water and 
with acetic acid (sp. gr. 1*06, that is, about 49 per cent.) at the rate of 1 c.c. per 
6 c.c. of solution. Heat the solution to boiling, and boil two or three minutes. 
Flocculent titanic oxide is precipitated. Digest the solution on a steam bath 

1 W. F. Hillebrand, Bull. U.S. OeoL Bur., 700 , 164, 1919. 

* A. R. Powell and W. R. Schoeller {Anfilyst, 55 , 605, 1930) separate titanium from 
zirconium (and hafnium) by precipitating it with tannin from a neutralised oxalate solution, 
half'Saturatcd with ammonium chloride. A double precipitation results in a quantitative 
separation. For the analysis of rutile, see E. W. Hagemaier, Met, Chem. Eng., 16 , 688 , 
1917; for the determination of titanium oxide in refractory earths, L. Lemal, Bitll. Soc. 
chim. Belg., 36 , 395, 1927; for titaniferous ores, see J. Waddell, Analyet, 44 , 307, 1919. 

® A. A. Blair, The Chemical Analysis of Iron, Philadelphia, 184, 1908; P. J. Pope, Trans. 
Amer. Inst. Min. Eng., 29 , 372, 1899; J. W. Bain, Journ. Amer. Chem. 80 c., 25 , 1073, 1903; 
J. J. Morgan, Chem. News, 75 , 134, 1897; G. B. Waterhouse, ib., 85 , 198, 1902; E. Roer, 
Chem. Ztg., 33 , 1225, 1909 (ilmenite); K, Bomeman and H. Schirmeister, Met., 7 , 71, 1911; 
O. L. Bamebey and R. M. Isham, Journ. Amer. Chem. 80 c., 32 , 927, 1910. 

* Nearly aU the phosphorus and aluminium pass into solution as sodium phosphate and 
aluminate. The filtrate may be used for the determination of other constituents, e.g. chlorine, 
fluorine and sulphur. 8 ee pages 746, 725, 703, etc* 

^ Or 5 c.c. of a saturated solution of ammonium bisulphite. 

^ Or add a slight excess of ammonia, and then a few drops of sulphuric acid until the 
precipitate redissolves. 

’ If platinum is to be removed, the solution should be now treated with hydrogen sulphide. 
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for half an hour.^ Let the precipitate settle. Filter and wash first with hot 
water containing 5 per cent, of acetic acid and finally with hot water. Dry 
the precipitate. If the precipitate is dark-coloured, instead of white, the 
titanic oxide may be contaminated with vanadic acid, etc.,^ in addition to 
phosphoric acid, alumina, sulphates, etc. The precipitate is purified as 
indicated for Gooch’s process (page 193). 

Beans and Mossman^ have described a method for the determination of 
titanium by precipitating it as a double potassium titanium iodate — probably 
Ti(I 03 ) 4 . 3 KI 03 -- which effects its separation from aluminium, calcium, magne- 
sium, nickel, chromates, phosphates, manganese and zirconium; iron, however, 
must be previously removed. The titanium is subsequently reprecipitated as 
hydroxide and ignited to the oxide. 

§ 93. The Volumetric Determination of Titanium. 

Titanium can be determined volu metrically by reduction to the titanous 
(tri valent) state. The reduced solution is then re-oxidised by titration with a 
standard solution of a ferric salt.^ The method is the converse of Knecht’s 
process for iron (j)age 182). 

Owing to the ease and rapidity with Avhich titanous salts are oxidised, 
great care must be taken that at no time during the determination shall the 
reduced solution come into contact with the air. The reduction can be effected 
and a non-oxidising atmosphere maintained as follows : —A 500 c.c. Erlenmeyer’s 
flask is closed by a rubber bung, perforated wdth three holes. Through the two 
outer holes pass leading-in and exit tubes for a current of carbon dioxide, and 
a short length of wide glass tubing, closed at the upper end by a perforated 
rubber stopper, is fixed through the central hole. 

20 c.c. of a 20 per cent, solution of potassium thiocyanate are placed in the 
flask and the stem of a Jones’ reductor (page 173) is fixed through the rubber 
stopper closing the wide glass tube. A current of carbon dioxide from a Kipp’s 
apparatus is started and allowed to run at a fairly rapid rate until the air in 
the flask has been entirely displaced. 100 c.c. of 5 per cent, sulphuric acid 
are passed through the reductor. An aliquot portion, say 50 c.c., of the 
titanium solution is pipetted out and diluted with an equal volume of 10 per 
cent, sulphuric acid. After warming to 30°~40®, the mixture is drawn through 
the reductor in the course of about 10 minutes, gentle suction being applied, 
if necessary, to the exit tube on the flask. Before the last few c.c. of titanium 
solution have entered the flask, the reductor is washed out with 100 c.c. of 
5 per cent, sulphuric acid, follow^ed by 100 c.c. of distilled w^ater. Both liquids 
should have been boiled to expel air immediately before use, and then cooled 
to room temperature. Special care must be taken that at no time during use 
is the reductor allowed to run dry, otherwise air will be drawn into the flask. 

^ If filtered immediately, some titanium may be found in the filtrate* 

* Iron, if carried down from the solution, will be in the ferrous condition or as basic 
acetate. The addition of about 1 c.c. of 10 per cent, ammonium bisulphite solution before 
reprecipitation retains any iron in solution. 

* H. T. Beans and D. R. Mossman, Joum. Amer, Chem, Soc„ 54 , 190.5, 1932. 

* G. Gallo, Atti Jt, Accad, Lincei, ( 5 ), x 6 , 1, 325, 1907; F. W. Hinrichsen, Chem. Ztg., 31 , 
738, 1907; E. Hibbert, Journ, Soc. Chem, lnd„ 28 , 189, 1909; P, W. and E. W. Shimer, 
Eighth Int, Cong, App, Chem.t i, 445, 1912; B. Neumann and R. K. Murphy, Zeit. angeAv, 
Chem,, 26 , 613, 1913; G. E. F. Lundell and H. B. Knowles, Joum, Amer, Chem, Soc,, 45 , 
2620, 1923; T. R. Ball and C. M, Smith, ib„ 36 , 1838, 1914; K. A. Sukhenko, Zavodskaya 
Lab,, 3 , 499, 1934; H. B. Hope, R. F. Moran and A. O. Ploetz, Ind. E*ig^ Chem, Anal, Ed,, 8 , 
48, 1936; G. Rdhl, Chem, Ztg,, 40 , 105, 1916: 
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After reduction, the reductor is removed and replaced by the jet of a burette, 
containing a solution of ferric alum of accurately known iron content.^ The 
titanous solution is now titrated with the standard iron solution until one drop 
of the latter develops the red colour of ferric thiocyanate. The current of 
carbon dioxide, which is maintained throughout the whole of the determination, 
keeps the solution under titration adequately stirred. 

Some little practice is needed to obtain consistent results as, unless care is 
taken to ensure complete reduction and to preclude subsequent re-oxidation, 
low values will be reported. ^ 

Example. — 50 c.c. portions of a titanium solution were oxidised by 21*66, 21*60, 
21*65 c.c. of a solution of ferric alum containing 0*001589 grm. of iron per c.c. From 
the equation 

Ti2(S04)3 -H Fe2(S04)3 -2Ti{S04)2 + 2FeS04 

it follows that 55*84 grms. of iron are equivalent to 47*90 grms. of titanium or 79*90 
grms. of titanium dioxide. Hence each c.c. of the iron solution is equivalent to 0*002274 
grm. Ti 02 . Consequently the titanium solution contains 0*002274x21*63x2 = 0*098 
per cent. Ti 02 . 


§ 94. The Computation of the Results for Alumina/’ 


The analytical results may now be treated as follows : — 

Crucible and ammonia precipitate .... 

Crucible alone ....... 

Ammonia precipitate and silica residue 

Ash ......... 

Alumina, ferric oxide, titanic oxide, etc. . 

Ferric oxide (p. 185) ...... 

Titanic oxide (p. 189) ...... 

Phosphoric oxide (p. 672) 

Manganese oxide (p. 406) ..... 

Extra silica (p. 167) ...... 

Sum ......... 


20*7003 grms. 
20*4520 „ 
0*2483 grm. 
0*0003 „ 

' 0*2480 grm. 

0*0156 „ 
0*0120 „ 
0*0000 „ 
0*0000 „ 
0*0009 „ 
6*0285 grm. 


Alumina, ferric oxide, etc. 
Sum of ferric oxide, etc. 
Alumina 


0*2480 „ 
(H)2S5 „ 
0*2195 grm. 


The eight alumina determinations in the clay mentioned above thus 
furnished : 


0*2184; 0*2188; 0*2191; 0*2193; 0*2187; 0*2199; 0*2185; 0*2195 

grm. AI2O3. The arithmetical mean is 21*90 per cent., and the deviations range 
between the limits ifc0*10. If the complete analysis proves faulty when 
submitted to the test mentioned on page 242, it will generally be found that 
the fault lies with the alumina determination. 


^ The air in the dead space of the jet must be replaced by solution before the burette is 
fixed in position. 

‘ For the determination of iron and titanium in admixture, see E. Knecht and E. Hibbert, 
New Reduction Methods in Volumetric Analysis, London, 13, 1918; N. Kano, Journ, Chem. 
Soc, Japan, 44 , 47, 1923. 
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In addition to the disturbing effects of phosphates and fluorides (discussed 
elsewhere) on the ammonia precipitate, the presence of borates and of oxalates 
may lead to the precipitation of the barium, strontium, calcium and magnesium 
salts by ammonia; while the presence of citric and tartaric acids and sugars 
hinders or prevents the precipitation of iron, aluminium and chromium.^ 


^ L, J. Cartman and H. Babin, Journ. Amer. Chem. Soc., 34 , 1493, 1912. 



CHAPTER XVI. 


THE DETERMINATION OF CALCIUM AND MAGNESIUM. 

§ 95. The Properties of Calcium Oxalate. 

Calcium is preciy)itated from alkaline solutions as hydrated calcium oxalate — 
CaC 204 . HgO. The precipitate is so difficult to prepare in a form suitable for 
weighing that it is generally converted by calcination into calcium oxide — (>aO. 
The calcium oxalate obtained by the first precipitation is contaminated to such 
an extent with sodium and magnesium salts that a second i)recipitation is 
advisable. If more magnesium than lime be present, the second precipitation 
is imperative ; if not, one precipitation may be sufficiently exact for the purpose. 
In illustration, Fresenius ^ gives the following results : — 



Calcium oxide. 

i 

1 Magnesium oxide. 


Exp. 1 . 

Exp. 2. 

i 

1 Exp. 1 . 

Exp. 2. 

One precipitation . 

0-2059 

0-2063 

0-4912 

0-4904 

Two precipitations 

0-2051 

0-2049 

I 

1 0-4927 

1 

0-4928 


Hence, with one precipitation the lime was 0*0011 grm. (mean) too high, and 
the magnesia 0*0020 grm. (mean) too low. 

Calcium oxalate is precipitated from feebly ammoniacal solutions, and also 
from solutions acidified with acetic acid,^ oxalic acid, salicylic acid, or citric acid, 
by means of ammonium oxalate.^ Ammonium chloride or sulphate,* or an excess 
of ammonium oxalate,® do not interfere very much, but in presence of ammonium 
salts the precipitate is said to be more difficult to filter. If, however, the pre- 

^ R. Fresenius, Zeit. anal, Chem., 7 , 310, 1868; W. Gibbs, Aw^r, J. Science, (2), 44 , 213, 
1867. 

> Chem, News, 90 , 248, 1904; W. Herz and G. Muhs, Ber., 36 , 3715, 1903; A. H, Erden- 
brecher, Mikrokosmos, 16 , 201, 1923; L. W. Winkler, Zeit. amgew, Chem.., 31 , 187, 203, 1918. 

* Chem, News, 90 , 248, 1904; F. Utz, Oester. Chem, Zlg,, 7 , 510, 1904. 

For the solubility of calcium oxalate in ammonium sulphate solutions, see R. Fresenius, 
Zeit, anal, Chem., 30 , 594, 1891 ; and in sodium chloride solutions, see A. G 6 rard, Ann. Chim. 
anal,, 6 , 59, 1901. For the solubility in 0*3 to 10 per cent, solutions of ammonium, sodium 
and magnesium chlorides, ammonium and magnesium sulphates and ammonium nitrate, 
see K. L. Maljarov and A. J. Gluschakov, Zeit. anal. Chem., 93 , 265, 1933. Compare K. 
Scheringa, Chem. Weekb., 30 , 598, 1933. 

‘ Zinc, barium and lead, and also cobalt and nickel, if appreciable amounts be present, 
should be removed before adding the ammonium oxalate. Small quantities of nickel do not 
interfere when two precipitations are made. Uranium and arsenic do not interfere with the 
result. Manganese, copper, aluminium, molybdenum and phosphoric acid, if present, will 
contaminate the precipitate more or less. Chromic acid does not interfere unless it has been 
reduced to chromic oxide by standing some time — Chem, News, go, 248, 1904. 
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cipitation be made in hot solutiona, or in a solution acidified with acetic acid, 
the precipitate will be crystalline or granular, and filter easily. 

Solubility . — The solubility of calcium oxalate in cold water is, for analytical 
purposes, negligibly small, but in hot water the solubility becomes appreciable,^ 
particularly if the precipitate be subjected to a prolonged washing. The graph, 
fig. 71, shows the effect of temperature on the solubility of this salt in water. 
100 c.c. of water at 95° will dissolve 0*0015 
grm. of calcium oxalate, and at 18° 0*0007 
grm. When first precipitated, calcium 
oxalate is more soluble than after standing 
some time, presumably owing to the fact 
that the fine particles grow into larger 
grains. 2 

Influence of Magnesium . — A small pro- 
portion of magnesium salt accompanies the 
calcium oxalate precipitate even when a very 
large amount of ammonium chloride is 
present, and this particularly when the 
amount of magnesium is relatively large, or 
the amount of calcium oxalate relatively 
small.3 On the other hand, a certain amount 
of calcium escapes precipitation. Thus, 
if care be not taken in “separating calcium and magnesium, the result 
can only represent the truth by a fortuitous balancing of errors, the magnesium 
precipitated with the calcium compensating the calcium retained in the solution. 
When the calcium is reprecipitated two or three times, the result must be 
sensibly low.” ^ This difficulty arises from the fact that calcium oxalate is 
soluble in magnesium chloride solutions, while magnesium oxalate is but 
slightly soluble in water. Hence, sufficient ammonium oxalate must be added 
to transform all the magnesium chloride into oxalate, and the solution must 
be so dilute that the magnesium oxalate remains in solution.^ Free ammonia 


^ A. F. Holleman, Zmt. phya. Chem.^ 12 , 125, 1893; F. Kohlrausch and F. Rose, 12 , 
234, 1893; T. W. Richards, C. F. M‘Caffrey, and H. /W. Amer. Acad., 36 , 375, 1901; 

Zeit. mmg. Chem., 28 , 71, 1901; H. Bassett, Joum. Chem. Soc., 1273, 1934. 

* W. H. Wollaston, Phil. Trans. 103 , 51, 1813; W. CMwald, Zeit. phys. Chem., 34 , 495, 
1900; G. Hulett, ib., 37 , 385, 1901; 47 , 357 , 1904. For the properties of calcium and mag- 
nesium salts in reference to the quantitative separation of calcium and magnesium, see 
C. Blomberg, Chem. Weekb., ii, 1002, 1914; W. Scholvicn, Ueber die Beziehungen zwischen 
der W asserloslichkeit von> Oxalaten der alkalischen und seltenen Erden zu ihrer LosHchkeit in 
sehr verdunnien Sauren sowie uber den Einfluss der Komgrosse, Berlin, 1913; W. Pagireff, 
Joum. Russ. Phys. Chem. Soc., 34 , 195, 1902; O. Brunck, Zeit. anal. Chem., 94 , 81, 1933. 

* For the separation of small quantities of calcium from large amounts of magnesium, 
see L. Dede, Chem. Zig., 36 , 414, 1912; F. Halla, ib., 38 , 100 , 1914; R. Heilingotter, ib., 49i 
241, 1925; 56 , 582, 1932; H. Bach, ib., 49 , 514, 1925; G. Luff, Zeit. anal. Chem., 65 , 439, 
1925. 

* T. Scheerer, t/ourw. prakt, Chem., (i), 76 , 424, 1859; G. C. Wittstein, Zeit, anal. Chem., 
2 , 318, 1863; E. Sonstadt, Chem. News, ii, 97, 1865; 29 , 209, 1874; E. Divers, ib., ii, 144, 
1865; M. Ix)ngchamp, Ann. Chim. Phys., (1), 12 , 255, 1819; E. Lenssen and A. Souchay, 
Liebig^s Ann., 99 , 31, 1856; 100 , 308, 1856; T. Scheerer, ib., lio, 236, 1859; H. Oeffinger, 
Schweiz. Woch. Pharm., 6 , 265, 1868; F. Hundeshagen, Zeit. offent. Chem.., 15 , 85, 1909. 

* H. Hager, Phatm. Centr., (2), 6 , 226, 1865; lo, 241, 1869; W. T. Hall (Jemm. Amer. 
Chem. Soc., $ 0 , 2630, 1928) says that while an excess of ammonium oxalate is necessary, 
too large an excess makes the subsequent precipitation of magnesium as phosphate incom- 
plete unless the ammonium salts are removed by ignition. On the other hand, 0. R5er 
{Tide. Kjemi og Bergtmm, 9 , 27, 1929) limits the quantity of oxalate to that necessary for 
the complete precipitation of the calcium. Compare 8 . Popoff, L. Waldbauer and D. C. 
McCann, Ind, Eng. Chem* Anal. Ed., 4 , 43, 1932. 



Fic5. 71. — Solubility of Calcium 
Oxalate in Water. 
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and warm solutions favour, and the presence of ammonium chloride retards, 
the precipitation of magnesium oxalate along with the calcium oxalate.^ Hence, 
as recommended by Scheerer in 1859, two or three precipitations in the presence 
of a large excess of ammonium chloride are needed to get rid of the magnesium. 
Fischer ^ gives the solubility of magnesium oxalate at 18° as only 0*3009 grin, 
per 1000 C.C., but says that since it forms stable supersaturated solutions, 
calcium oxalate can be quantitatively separated from it. With an w-fold 
supersaturation of magnesium oxalate in undisturbed solution and in the 
presence of ammonium chloride only, perceptible precipitation of magnesium 
oxalate occurs at time t (hours): — 

n 60 50 40 30 25 20 10 4 

t 0*5 1 2 3 4 18 40 >10 weeks 

The time is decreased by scratching or warming and by other electrolytes, but 
increased by certain dyes and gels. Since calcium oxalate is only slowly pre- 
cipitated, slowly heating to 70°-90° is recommended and, for exact work, the 
supersaturation of the magnesium oxalate should not be more than fourfold. 
Hermann ^ likewise attributes the erratic co-precipitation of magnesium with 
calcium to the influence of supersaturation, the time required for the deposition 
of magnesium oxalate being lessened by the presence of the calcium salt, by an 
increase in concentration or a rise in temperature, but increased by ammonium 
chloride. Many prefer to precipitate the “lime” as calcium sulphate by adding 
sodium sulphate and an excess of 90 per cent, alcohol, in which calcium sulphate 
is almost insoluble, while magnesium sulphate is fairly soluble in the same 
menstruum (see page 589). 

Action of Heat . — Calcium oxalate, dried at 100°, has the composition 
CaC 204 . HgO.^ At 200° it loses water, forming CaC 204 ; and at 500° it begins 
to decompose into calcium carbonate, with the separation of carbon. At the 
same time the carbon imparts a greyish colour to the mass. At a still higher 
temperature the carbon burns off, and the carbonate decomposes completely 
into calcium oxide — CaO — which remains as a white hygroscopic powder. 

§ 96. The Gravimetric Determination of Calcium. 

If manganese has been determined by the sulphide process (see page 395), 
the filtrate is boiled for an hour, and filtered from the precipitated sulphur ; ® if 
manganese is not to be separated, the filtrate from the aluminium and ferric 
hydroxides is diluted to about 300 c.c. The solution already contains con- 
siderable amounts of ammonium chloride; it should contain about 10 grms, 
per 100 c.c. of the solution per 0*0015 grm. of magnesia. 


^ W. Pagireff, Joum. Russ. Phys. Chem. Soc., 34, 195, 1902. E. Murmann (Zeii. anal. 
Chem., 49, 688, 1910) says that “a good separation from magnesium is only possible by 
adding to the solution of the salts in 90 per cent, alcohol just sufficient sulphuric acid to 
form calcium sulphate, and washing with 90 per cent, alcohol.” “The error is then within 
0*15 per cent, of the true value; while the error in the oxalate method is from 0*5 to 2*0 per 
cent.” A. Chizynski, i6., 4, 348, 1865; V. Rodt and E. Kindscher, Ckem. Ztg.^ 48, 953, 964, 
1924. 

* W. M. Fischer, Zeit. anorg. aUgem. Chem., 153, 62, 1926; cf. M. Lemarchands, Compt. 
rend., 180, 745, 1925. 

* Z. Hermann, Zeit. anorg. allgem. Chem., 182, 395, 1929; ib., 184, 289, 1929. 

^ A. Souchay and E. Lenssen, lAebig'e Ann., ic»o, 322, 1856; S. Goy, Chem. Ztg^, 37, 
1337, 1913; F. Halla, ih., 38, 100, 1914. 

* Note the possible formation of sulphuric acid, and precipitation of, say, barium as 
sulphate — C. de la Harpe, BuR. Soe. Ind. Muhlhome, 245, 1885. 
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First Precipitation,^ — The solution is boiled for a few minutes with 1 to 3 
grms. of ammonium oxalate® and then a slight excess of concentrated ammonia 
is added. After stirring well, the beaker is covered with a clock-glass and stood 
in a warm place for two hours. After cooling to room temperature,® the 
precipitate is filtered off and washed two or three times with a cold 1 per cent, 
solution of ammonium oxalate, the filtrate being reserved for the determination 
of magnesia. 

Second Precipitation. — The precipitate is contaminated with sodium and 
magnesium salts.* Hence a hole is poked through the apex of the filter-paper 
and the precipitate is washed into the beaker from which it has just been filtered. 
The paper is moistened with a few c.c. of nitric acid to dissolve any traces of 
precipitate and then it is washed with hot distilled water until free from chloride, 
the washings being collected in the same beaker as before. The liquid is boiled, 
more nitric acid being added, if necessary, to complete the solution of the 
calcium oxalate. Add a little more ammonium oxalate and make ammoniacal. 
Boil, stand in a warm place for another two hours, cool, filter ® and wash with 
ammonium oxalate solution until free from chlorides. Care must be taken to 
remove every trace of the precipitate from the sides of the beaker with a 
“policeman,’' since it adheres very tenaciously and is sometimes difficult to 
see when wet. 

The Ignition of the Precipitate. — Place the moist filter-paper in an ignited 
and weighed crucible. Heat gently until the paper is charred — fig. 74 — ^then 
incinerate the precipitate with the crucible inclined at an angle of, say, 45°, so 
as to burn the carbon mixed with the oxalate. Blast about 15 minutes, or heat 
over a Meker's burner or in a Davies crucible furnace, thereby raising the 
temperature, above that possible with an unprotected flame. Cool the crucible 
in a desiccator,® and weigh as quickly as possible to avoid the absorption of ^ 
carbon dioxide and moisture ’ from the atmosphere. The crucible and pre- 


* E. Murmann, Monats. 32, 105, 1911; Oester. Chem. Ztg., I2, 305, 1909; Zeit anal. 
Chem.f 49, 688, 1910. 

* At least four times as much ammonium oxalate is required beyond that needed to 
form calcium oxalate with the lime, and magnesium oxalate with the magnesia. Note that 
commercial ammonium oxalate sometimes contains calcium salts. 

* Where the greatest accuracy is not essential, time can be saved by filtering off the hot 
solution and washing the precipitate with hot distilled water, both here and in the second 
precipitation. 

* T. Scheerer, Journ. prakt. Chem.y (1) 79, 424, 1859; A. Cossa, Zeit. anal, Chem.y 8, 141, 
1869; T. W. Richards, Zeit. anorg. Chem., 23, 383, HMK); W. C. Blasdale, Joum. Amer. 
Chem. Soc., 31, 917, 1909; C. Stolberg, Zeit. angew. Chem., 17, 741, 769, 1904; R. Hefelmann, 
Zeit. offenl. Chem., 3, 193, 1897; N. Knight, Chem. News, 89, 146, 1904; C. Liesse, Bull. 
Assoc,. Chim. Swr. Dist., 28, 559, 1910; F. H. McCrudden, Joum. Biol. Chem., 10, 187, 1911. 

* A Gooch crucible may be used. 

* Containing concentrated sulphuric acid. According to O. Brunck {Zeit. angew. Chem., 
17, 953, 1904), the oxide should be dried over sulphuric acid, because the carbon dioxide of 
the air may lead to the evolution of chlorine by calcium chloride. It might be questioned 
whether this action could affect the result appreciably. A. Franke and R. Dworzak {Zeit. 
anal. Chem., 72, 129, 1927) recommend drying over phosphorus pentoxide, while H. S. Booth 
and L. McIntyre {Ind. Eng. Chem. Anal. Ed„ 8, 148, 1936) advocate porous barium oxide, 
since it maintains a carbon dioxide-free atmosphere in the desiccator. R. Cernatesco and E. 
V&Boautan {Ann. 8 ci. Univ. Jassy, 14, 305, 1928) ignite in a current of oxygen to reduce the 
time of obtaining constant weight. 

’ To illustrate the hygrosoopicity of the powder, R. Fresenius (Quantitaiive Chemical 
Analysis, London, 2 , 633, 1900) states that 0*5599 grm. of calcium oxide weighed 0*5605 grm. 
after standing 2 minutes on the pan of the balance ; 0*5609 grm. after standing 6 minutes ; and 
0*5625 grm. after standing 17 minutes. H. Bassett {Joum. Chem. 80 c,., 1273, 1934) corrects 
for the absorbed moisture by deducting 0*5 mgrm. from the weight of small precipitates 
and 0*7 mgrm. from the weight of large precipitates (up to 0*1 grm.). 
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cipitate are again ignited for 5 to 10 minutes, cooled and re-weighed, to make 
sure that the conversion of the oxalate to oxide was complete.^ 

Other Methods of Weighing the Precipitate . — Instead of weighing the calcium 
in the form of oxide, ^ some prefer to convert the oxalate into carbonate,® or 
sulphate, or tungstate,^ or weigh the oxalate as such.® The objection is made 
that in converting the oxalate into oxide the crucible loses weight during the 
15 minutes’ blasting,® and the oxide is difficult to weigh on account of its 
hygroscopicity. If small quantities are in question, conversion of the oxalate 
into sulphate has the advantage of giving a larger weight of residue. 

Conversion of Calcium Oxalate to Calcium Sulphate . — First ignite the oxalate 
at a comparatively low temperature, sufficient to burn the paper and convert 
most of the oxalate into oxide. Add one or two c.c. of water, gradually, drop 
by drop, to avoid spurting. This treatment will transform the calcium oxide 
into hydroxide. Add a slight excess of dilute sulphuric acid; drive off the 
excess with a small flame, taking care to avoid loss by spurting, which will occur 
if the crucible be heated too rapidly.’ Finally ignite the crucible at a dull red 
heat; weigh the resulting calcium suli)hate — CaS 04 — and multiply the weight 
by 0*4119 in order to get the equivalent amount of CaO. 

Souchay ® examined the results obtained by weighing the lime as oxalate, as 
carbonate, as sulphate, and as caustic lime, with the following results: — 

Oxalate. Carbonate. Sulphate. Oxide. 

CaO . . 38*12 38*09 38*06 38*12 per cent. 

Hence it follows that, with care, all the methods furnish satisfactory results. 
In cases like this, where different methods give equally reliable results, the 
choice of any particular process is determined by convenience, risk of error 
and time. 

Errors . — The following numbers represent the results of eight independent 
determinations by the ‘'oxalate to oxide” process on one sample of clay: — 

0*0137; 0*0141; 0*0147; 0*0142; 0*0152; 0*0152; 0*0141; 0*0142 

with a mean value of 0*0144 grm. CaO corresponding with 1*44 per cent. CaO. 
The deviations from the mean are Ji0*08. 


^ If the clay contains strontia, this will be precipitated with the lime. To determine the 
strontia, convert the precipitates to nitrates and digest the mixture with a mixture of absolute 
alcohol and ether (page 678). The calcium nitrate is washed away, and the insoluble stron- 
tium nitrate is ignited and weighed as SrO. The CaO is obtained by subtraction from the 
weight of mixed CaO + SrO. L. Szebelledy, Magyar Chern. Fol., 35 , 59, 1929; Chem. Zentr., 
(2), '274, 1930. 

* A. Fritzsche, Zeit. anal. Chem.^ 3 , 177, 1864. 

* H. W. Foote and W. M. Bradley, Journ. Amcr. Chem. Sm., 48 , 676, 1926; H. H. Willard 
and A. W. Boldyreff, ib., 52 , 1888, 1930. 

* A. Saint-Sernin, Compt. rend,, 156 , 1019, 1913. 

* S. Goy, Ghent. Ztg., 37 , 1337, 1913; H. Sibelius, Suomen Kemiatilehti, 8 A, 25, 1936. 

* 0. Bninck, Zeit. anal, Chem., 45 , 77, 1906. 

’ The use of the ring burner reduces to a minimum the risk of loss by spurting. E. 
Kettler, Zeit. angew, Chem., 17 , 685, 1904; O. Brunck, ib., 17 , 953, 1904; E. Murmann, 
Zeit. anal. Chem., 49 , 688 , 1910; A. N. Clark, Journ. Amer. Chem. Soc., 26 , 110, 1904. F. B. 
Guthrie and C. R. Barker {Journ. Roy. Soc. N.S.W., 36 , 132, 1902) ignite the oxalate with 
ammonium nitrate equal to the bulk of the lime in the crucible; and W. H. Hess (Journ. 
Amer. Chem. Soc., 22 , 477, 1900) then adds twice as much ammonium sulphate, ignites at a 
dull red heat and weighs as calcium sulphate. A. SchrOttor (Die Chemie., Wien, 2, 1840) 
uses ammonium sulphate alone. For the decomposition of calcium and magnesium sulphates 
by heat, see A. Mitscherlich, Journ. prakt. Chem., ( 1 ), 83 , 485, 1861 ; J. Boussingault, Compt. 
rend., 64 , 1159, 1867; W. Schutz, Metallurgie, 8 , 228, 1910. 

® A. Souchay, Zeit. anal. Chem., 10 , 323, 1871; R. Fresenius, ib., xo, 326, 1871; G. E. 
Ewe, Chem. News, izx, 53, 1920; A. Franko and R. Dworzak, Zeit. anal. Chem., 72 , 129, 
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§ 97. The Volumetric Determination of Lime— Kraut’s Process. 

For routine work with calcareous clays, it is quickest to determine the lime 
volumetrically.^ Poke a hole through the apex of the paper carrying the 
precipitated and washed calcium oxalate; wash the calcium oxalate from the 
paper by means of a jet of hot water, and then with dilute sulphuric acid (1 : 4) 
taking care to wash well under the folds of the paper. Add 10 c.c. of con- 
centrated sulphuric acid and titrate the hot solution (6()°-70°) with standard 
permanganate, as indicated for sodium oxalate (page 176), until the solution 
is tinged with a permanent pink colour. 

The reaction which takes place during the titration is represented by the 
equation 

bCaCgOA + 2KMn04 + 8H2SO4 - KgSO^ + 2MnS04 + 5 CaS 04 + SU^O + IOCO2 
This shows that 1 grin, of KMn 04 corresponds with 0-8872 grm. of CaO. 

Example. — The permanganate solution used in a titration contained 2-4 grms. 
of KMn 04 per litre, and 20-5 c.c. were usckI to oxidise the calcium oxalate obtained 
from one gram of the sample. Hence 100 grms. of the sample will require 2*05 litres 
of the permanganate solution or 2 05 x 2-4 grms. of permanganate. Consequently the 
sample contains 2 05 x 2*4 x 0-8872 = 4*36 per cent, of calcium oxide — CaO. The 
method is not recommended when but a few determinations are made, and it is only 
used when a large number of analyses have to be conducted concurrently. 


§ 98. The Properties of Ammonium Magnesium Phosphate. 

A precipitate of ammonium magnesium phosphate is obtained in the 
determination of magnesia by adding a soluble phosphate to the ammoniacal 
solution containing the magnesium com]>ound. 

Composition of the Previpitate . — According to Neubauer,^ the precipitation 
is practically comjilete, even in the presence of comparatively large quantities 
of ammonium salts, including the oxalate, but the composition of the precipit- 
ate is largely determined by the nature of the solution. The ammonium 
magnesium phosphate may exist in three different forms, according to the 
composition of the mother liquid at the time of precipitation: — 

1. In neutral or ammoniacal solutions, the precipitate is tetrammonium 
magnesium diphosphate, Mg(NH 4 ) 4 (P 04 ) 2 . This contains less magnesium 


^ W. Hempel, Mhmires mr Vemploi de Vacide oraliqm dans le,s dosaiqes d liqueurs titrees, 
Lausanne, 1853; K. Kraut, Henneberg^s Lamdwirihseh,^ (i), 4 , 1 12, 1856; Zeit, anal. Chem., 26 , 
629, 1887; L. T. Bowser, Journ. Ind. E'ug. Chem.^ 3 , 82, 1911; G. P. Baxter and J. C. 
Zanette, Amer. Chem. Journ, ^ 33 , 500, 1905; H. Walland, Chem. Zfg., 27 , 922, 1903; C. H. 
Schultze, ib., 29 , 508, 1905; B. Enright, Journ. Amer. Chem. Soe., 26 , 1003, 1904; T. Ulke, 
Monit. Scient., (4), 14 , 775, 1908; M. Kruger, Zc?7. physiol. Chem.^ 16 , 445, 1892; G. Lunge, 
Zeit. angeu\ Chem., 17 , 265, 1904; J. Volhard, Liebig's Ann., 198 , 333, 1879; E. Rupp and 
A. Bergdolt, Archiv Pharm., 242 , 450, 1904; C. A. Peters, Zeit. anorg. Chem., 29 , 145, 1902; 
H. M. Davy, Chem. News, 29 , 250, 1874; Compi. rend., 78 , 978, 1874; A. Heifer, Tonind. 
Ztg., 18 , 535, 1894; K. von Radlowski, ib., 18 , 592, 1894; Homke, ib., 61 , 311, 1937; T. 
Boring, Zeit. angew. Chem., 26, 478, 1913; J. Grossfeld, Chem. Ztg., 41 , 842, 1917; H. Bassett, 
Journ. Chem. 80c., 1273, 1934; L. Velluz and R. Deschaseaux, Bull. Soc. chim. biol., 13 , 797, 
1931; Compt. rend. Soc. biol., 104 , 976, 1931; ¥. L. Hahn and G, Weiler, Zeit. anal. Chem., 
70 , 1, 1927; J. Haslam, Analyst, 60 , 668 , 1935. 

■ H. Neubauer, Ueber die Zuverldssigkeit der Phosphorsdurebesiimmung als Magnesium- 
pyrophosphat, Rostock, 1893; Journ. Amer. Chem. 80c., 16, 289, 1894; W. Heintz, ZeiL 
Chem., (2), 6, 479, 1870; O. Popp, ib., (2), 6, 395, 1870; K. Bube, Ueber Magnesiumammonium- 
phosphat, Weisbaden, 1910; R, Reidenbaoh, Ueber die quantitative Bestimmung des Mag- 
nesiums als Magnesiumpyrophosphat, Kusel, 1910; P. Schottlander, Zeit. anarg, Chem,, 
843 , 1894 . 
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than the normal magnesium ammonium phosphate, MgNH4P04. The former 
compound, on calcination, decomposes, forming magnesium metaphosphate, 
water and ammonia : 

Mg(NH4)4(P04)2 -> Mg(P03)2 + 4NH3 4- 2H3O 

On further calcination, the metaphosphate decomposes into magnesium pyro- 
phosphate and phosphoric anhydride: 

2Mg(P03)2 -> MggPgOy + PgOg 

and some phosphoric anhydride is volatilised.^ 

2. When an excess of magnesium salt is present, and no excess of ammonia, 
the precipitate has the normal composition — MgNH4P04 — and the results are 
correct. 

3. If an excess of magnesium salt and an excess of ammonia be present, the 
precipitate contains more magnesium than the normal phosphate, and the 
calculated phosphoric acid will be too high. 

Nerl has verified the first, and Reidenbach the second observation of 
Neubauer; but Reidenbach considers that the third observation is not correct. 
He found the precipitate contained less, not more, magnesium than Neubauer’s 
statement represents. 

In any case, it is necessary to precipitate the ammonium magnesium 
phosphate in a solution containing definite amounts of ammonia, ammonium 
salts, magnesia and phosphoric acid in order to obtain concordant results.^ 
The precipitant should also be added to the acid solution, and the ammonia in 
slight excess added afterwards. 

Solubility of Ammonium Magnesium Phosphate, — The precipitate is readily 
soluble in dilute acids, and 100 c.c. of water at 10° dissolve 0*0065 grm. of the 
salt.3 It is much less soluble in aqueous ammonia.^ Thus, according to 
Stiinkel, Wetzke and Wagner, solutions containing p per cent, of ammonia 
dissolve per litre: — 

p 2 3 per cent. 

MgO 0*00050 0*00023 0*00008 grm. 

P2O5 0*00088 0*00038 0*00015 „ 

The solubility of the ammonium magnesium phosphate in ammonia is also 
illustrated by graph, fig. 72, which shows that the solubility of normal 
ammonium magnesium phosphate decreases very rapidly with increasing con- 
centration of ammonia.® According to Jorgensen, the solubility in 2*5 per cent, 
ammonia is approximately 0*00006 grm. of MgO per 100 c.c. This is negligibly 

^ D. Campbell, Phil, Mag., (4), 24, 380, 1862. D. Balarcff (Zeit. anorg. C%em., 103, 73, 
1918) says that the decomposition is Mg(NH4)4(P04)j = MgNH4p04 + (NH4)8P04. On 
further heating, magnesium pyrophosphate is formed, the ammonium phosphate decomposes, 
some phosphorus pentoxide being volatilised, while the remainder reacts with the pyro- 
phosphate to give metaphosphate. 

* D. Balarefi, Zeit, anorg, Chem,, 102, 241, 1918. 

® K. Bube {Zeit, anal, Chem., 49, 688, 1910) made some observations on the solubility of 
this salt. See also P. Wenger, iiude mr la soluhilite des phosphates et des arsiniaies ammoniaco- 
magnisiens et du phosphate amrnoniaco-mangan&ux, Gendve, 1911; Tables annudles de Con- 
stantes, Paris, 2, 411, 1911. 

* G. Jorgensen, Mem. Acad. Hoy. Soc, Danemark, (7), 2, 141, 1905; C. Stfinkel, T. Wetzke 
and F. Wagner, Zeit. anal, Chem., 21, 363, 1882; T. R. Ogilvie, Chem. News, 31, 274, 1876; 
32, 6, 12, 70, 1876; E. W. Parnell, ib., 32, 222, 1876; 23. 146, 1871; P. Wenger, l,c, 

* According to A. Bolis (Chem. Zig,, 27, 1161, 1903), 2 grms. of MgNH4P04 . 6H3O in 
contact with 100 c.c. of a solution of ammonium citrate (400 grms. of citric acid per htre} 
loses, by solution, an average of 0*467 per cent, in weight at ordinary temperatures, and 0*687 
per cent, at 60^. 
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small.^ The solubility is increased in solutions of ammonium chloride, so that 
0*0013 grm. is dissolved per 100 c.c. in the presence of 2*5 per cent, ammonia 
containing a gram of ammonium chloride. The effect of ammonium chloride 




Fio. 72. — Effect of Ammonia 
on the Solubility of Ammonium Magnesium 
Phosphate (mgrms. MgO per 100 c.c.). 


Fig. 73. — Effect of Ammonium Chloride 
on the Solubility of Ammonium Magnesium 
Phosphate (mgrms. MgO per 100 c.c.). 


on the solubility of the magnesium ammonium phosphate is illustrated by the 
graph, fig. 73. 

When, however, precipitation takes place in the presence of ammonium 
chloride, curiously enough in view of fig. 73, precipitates with positive, not 
negiative, errors are obtained; otherwise expressed, the results are too high. 
For example, 

NH4CI . . 0 2*67 5*35 10*70 grins, per litre 

MggPgO^ . . 0*5567 0*5603 0*5612 0*5619 grm. 

Error +0*0036 +0*0045 +0*0052 „ 

The solution from which the magnesium phosphate is first precipitated usually 
contains not only ammonium chloride and ammonia, but also ammonium 
oxalate, and considerable amounts of sodium chloride. The effect of ammon- 
ium oxalate, like ammonium chloride, is to raise the weight of the precipitate 
above the normal. ^ Thus, 

(NH4)2C204 . . 0 3*55 4*26 4*97 grins per litre. 

MgaPaO; . . 05567 0*5900 0*5864 0*5863 grm. 

Error +0*0333 +0*0297 +0*0296 „ 

The presence of sodium chloride in the mother liquid also considerably augments 
the weight of the resulting precipitate. Thus, 


^ There is therefore no need to correct for the solvent action of the wash liquids as recom- 
mended by C. H. Fresenius, Anleitung zur quantitative ehemischen Analyse, Braunschweig, i, 
333, 1863; Liebig's Ann,, 55 , 111 , 1846; R. Warington, Journ. Chem, Soc., 18 , 27, 1865; 
W. Kiibel, Zeit, anxil. Chem., 8 , 125, 1869; O. Abesser, W. Jani, M. H. Mftrcker, ib., 12 , 239, 
1873; F. A. Gooch, Awer. Chem, Journ., i, 391, 1879; T. S. Gladding, Chem, News, 46 , 213, 
1882; 47 , 71, 1883. Three solutions containing the same amount of magnesia were precipitated 
in exactly the same way, but the precipitates were respectively washed with a litre of 1 , 2 
and 3 per cent, ammonia. The corresponding precipitates gave 0*1956, 0*1967, 0*1968 grm. 
of ammonium ma^iesium phosphate. Theory required 0*1971 grm. Nothing like a litre 
of washing liquid is required in practice, so that the errors due to the solubility of the pre- 
cipitate must be negligibly small. 

• W. T. Hall (Joum. Amer, Chem, 80 c,, 50 , 2630, 1928; V. T. Chuiko, Joum, App, Chem, 
U, 8 , 8 ,H,, xo, 364, 1937) claims that an excess of ammonium oxalate makes the precipitation 
of magnesium incomplete. 
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NaCl .0 0-585 5*85 23-4 grms. per litre 

MgaPgOy . . 0-5567 0-5585 0-5689 0-5770 grin. 

Error +0-(X)18 +0-0122 +0-0203 „ 

The effect with potassium chloride is much greater than with sodium 
chloride. The practical lesson to be learned from these observations is that the 
magnesium ammonium phosphate first precipitated must he dissolved in dilute acid 
and reprecipitated y other wise the result will be of little value. 

The precipitate is more soluble in hot solutions. With hot solutions there 
is also a loss of ammonia. Hence the precipitation should be made in cold 
solutions, with an excess of the precipitating agent, and in the presence of at 
least 2-5 per cent, of ammonia. The precipitate made in solutions containing 
ammonium salts — chloride and oxalate — and sodium chloride is very impure,^ 
and it must in consequence be dissolved in dilute acid and reprecipitated as 
described below. 

Action of Heat. — Ammonium magnesium phosphate — MgNH 4 P 04 . hHgO — 
loses 5 H 2 O at about lOC)'^, and the remaining HgO with the ammonia, at a red 
heat, forming magnesium pyrophosphate. 

2(MgNH4P04 . 6H2O) - Mg2P207 + 2NH3 + I3H2O 
If the temperature be raised still further, the pyrophosphate becomes incan- 
descent, owing to an intramolecular change — according to Popj),^ a passage 
from the crystalline to an amorphous condition. The magnesium pyrophos- 
phate fuses at 1220 ^. If magnesium pyrophosphate be exposed to a reducing 
atmosphere at a high temperature, phosphorus and phosphine are said to be 
volatihsed.^ These vapours attack the platinum crucibles. The pyro- 
phosphate is soluble in dilute nitric and hydrochloric acids, but sparingly 
soluble in water. 

Precipitation of Ammonium Magnesium Phosphate for the Determination of 
Phosphorus. — An excess of magnesium chloride (magnesia mixture, page 284) 
reduces the solubility ^ of magnesium ammonium phosphate even more than an 
excess of the phosphate solution. No phosphoric acid, for example, could be 
detected in a filtrate which would, without the excess magnesium chloride, have 
contained the equivalent of 0-0025 grm. P 2 O 5 . An excess of a soluble phosphate 
also reduces the solubility of the ammonium magnesium phosphate in a similar 
manner. 


§ 99. The Gravimetric Determination of Magnesia. 

The magnesia is determined in the animoniacal filtrate from the calcium 
oxalate ® by the addition of a soluble phosphate; a precipitate of ammonium 

^ H. Neubauer, Zeit. angew. Chem., 9 , 435, J896; Zeii. mwrg. Chem., 2 , 45, 1892; 4 , 251, 
1893; R. Woy, Chem. Ztg., 21 , 441, 1897; F. A. Gooch and M. Austin, Zeit. anorg, Chem., 
20 , 121, 1899; F. L. Ham, K. Vieweg and H. Meyer, Ber., 60 B, 971, 1927; A. W. Epperson, 
Joum. Amer, Chem. Soc., 50 , 321, 1928; J. I. Hoffmann and G. E. F. Lundell, Bur. Stand. 
Journ. Besearchy 5 , 279, 1930; L. W. Winkler, Zeit. angew. Chem., 31 , 211, 1918. 

* O. Popp, Zeit. arvaX. Chem., 13 , 305, 1874. 

® H. Struve, Journ, prakt. Chem., ( 1 ), 79 , 349, 1860; R. Weber, Pogg. Ann., 73 , 146, 
1848. 

* W. Heintz, Zeit. anal. Chem., 9 , 16, 1870; E. Kessel, ib., 8 , 173, 1869; W. Kiibel, ib., 
8 , 125, 1869; R. Weber, Pogg. Ann., 73 , 139, 1848. Basic magnesium phosphate is precipi- 
tated if the magnesia mixture be in large excess, and magnesium sulphate is used in place of 
magnesium chloride for compounding the magnesia mixture (page 674). 

® Clays normally contain so little magnesia that the filtrate from the first precipitation 
of the lime is alone taken for the determination of the magnesia, but with materials relatively 
high in magnesia the combined filtrates from each precipitation of the lime must be used 
after evaporation, if necessary, to convenient bulk. 
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magnesium phosphate separates. Unfortunately, the composition of the pre- 
cipitate is considerably modified by the composition of the solution in which the 
})recipitation takes place.^ The precipitate is therefore redissolved, and repre- 
cipitated under definite conditions whereby a precipitate of the composition 
MgNH 4 p 04 . 6 H 20 is obtained. This is ignited and weighed as Mg 2 P 207 . 

First Precipitation . — Gradually add a solution containing, say, 2 grms. 
of sodium ammonium phosphate ^ (dissolved in 15 c.c. of water) to the solution 
under investigation,® with constant stirring. While still stirring the solution,^ 
gradually add, drop by drop, about one-third its volume of aqueous ammonia; 
cover the solution with a clock-glass,® and let it stand 12 to 24 hours. Stir very 
thoroughly ® and then filter. There is no particular need here to clean the 
precipitate from the bottom and sides of the beaker. Wash the precipita te with 


^ H. Struve, Zeif. anal. Chem.^ 36, 289, 1897; 37, 485, 1898; K. K. Jarvinen, ib.y 43, 279, 
liMH; 44, 3H3, 1905; R. FreseniuH, H. Ncubauer, and E. Euek, 10, 133, 1871; C. Schu- 
mann, ih., II, 382, 1872; H. Schmidt, ib.^ 45, 512, 1906: H. Neubauer, Zeit. angew. Chern.^ 9, 
435, 1896; F. Hasclnj^, 16., 18, 374, 1905; F. A. Gooch and M. Austin, Arnfr. Journ. Science, 
(4), 7, 187, 1899; W. Gibbs, ib., (3), 5, 114, 1873; Chem. Ncivm. 28, 51, 1873; R. W. C. MacTvor, 
ib.. 28, 69, 1873; T. R. ()ji;ilvie, ib., 21, 205, 1870; F. A. Gooch, Arner. Chem. Journ., i, 391, 
1879: A. K. Christomanos, anorg. Chem., 41, 305, 1904; T. S. Gladding, Journ. Amer. 
Chem. Soc., 4, 135, 1882; Chem. Newn, 46, 213, 1882; E. Raffa, Cazz. Chim. Ital., 38, ii, 556, 
1908; M. Wundcr and C. Scihullcr, Anm. Chim. anal., 18, 221, 1913; G. Chancel, Compt. rend., 
50, 94, 1860; J. C. Hostetter, Journ. Ind. Kng. Chem., 6, 392, 1914; G. H. Brother, ib., 10, 
129, 1918; B. Scdirnitz, Zeit. anal. Chem., 65, 46, 1924. 

2 ,J. .1. Berzelius {Lehrhuch cler Chemie, Dresden, 2, 650, 1826) used disodium phosphate. 
C. Mohr prefers sodium ammonium phosphate — microcosmict salt {Zeit. anal. Chem., 12, 36, 
1873; VV. Gibbs, l.c.) — because it. precipitates more rapidly and completely. By precipi- 
tating more and more dilute solutions of magnesia, he arrived at a point where sodium 
phosphate no longer gav^e a precipitate under conditions where sodium ammonium phosphate 
did. L. Blum {Zeit. anal. Chem., 28, 452, 1889; W. lleinfz, ib., 9, 16, 1870; h. Blum 
Stahl Kisen, 34, 487, 1914) prefers disodium phosphate, because the precipitate settles more 
rapidly and filters more quickly than when sodium ammonium phosphate is the precipitating 
agent. See also L. A. Congdon and G. V’^anderhook, Chem. News, 130, 241, 258. 273, 1925. 

* K. L. Malyarov and W B. Matskievich {Zeit. anal. Chem., 98, 31, 1934) find that in 
solutions of sodium and ammonium chlorides and sulphates, ammonium nitrate and am- 
monium oxalate, the solubility of magnesium ammonium phosphate in all cases increases 
with the concentration of the salt present. Ammonium nitrate has the smallest solvent 
effect, and ammonium oxalate the greatest — a 5 per cent, solution of the latter salt dissolving 
no less than 0*7690 grm. of magnesium ammonium phosphate per litre. In order to get rid 
of the ammonium salts which have accumulated in the solution during the removal of the 
alumina and lime, the filtrate is evaporated nearly to dryness in a large dish. Add con- 
centrated nitric acid, evaporate the solution to dryness and heat the residue until all the 
ammonium salts have volatilised. Dissolve the mass in water, filter off any insoluble matter 
and treat the solution as described in the text. The insoluble residue may be examined for 
alumina. This, if present, is precipitated, washed and weighed as “extra alumina.” J. 
Jambor, Zeit. anal. Chem., 49, 733, 1910; O. Kallauner, Zemenf, 16, 1093, 1927; W. T. Hall, 
Journ. Amer. Chem. Soc., 50, 2630, 1928. See page 217. Tests indicate that there is little 
advantage, if any, in removing the ammonium salts when dealing with amounts of magnesia 
normally present in a clay. 

* This point requires careful attention. The precipitate will be more contaminated with 

impurities if quickly made. In illustration, a mean of six experiments in which the solutions 
were mixed suddenly gave 0*2028 grm. of another six experiments with the 

ammonia gradually mixed with constant stirring gave 0*1972 grm. Mgap207. Theory 
required 0*1971 grm, Mg2P2G7. The stirring rod should be kept from the sides and bottom 
of the beaker. See H. Lasne, Bxdl. Soc. chim., (3), 17, 823, 1897; Chem. News, 76, 270, 
1897. 

® Some keep the beaker under a bell jar resting on a greased ground-glass plate in order 
to prevent the evaporation of ammonia. 

* Precipitates which take a long time to separate on standing frequently come down 
quickly if the solution be vigorously agitated — by, say, bubbling a current of air through the 
solution, or mechanical agitation — L. Briant, Chem. News, 53, 99, 1886; O. Texter, Journ, 
Anal. App. Chem., 7, 279, 1893; V. Markoonikoff, Liebig's Ann., 289, 254, 1895; H. B. Yardley, 
New Metnedies, % 333, 1880. 
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dilute ammonia (1 ; 10, that is, about 2*5 per cent.).^ Reject the filtrate, which 
should give a precipitate with “magnesia mixture” (page 284). When the 
washing is completed, the runnings will give no precipitate with silver nitrate 
in acid (HNOg) solution. Reject the filtrate and washings. 

Second Precij>itation , — Redissolve the precipitate in warm dilute nitric acid 
(1: 5), and collect the washings in the beaker in which the first precipitation 
was made. About 50 c.c. of acid are needed. While the acid is running 
through the funnel, turn the beaker round so that the acid runs all round the 
sides of the beaker. Add an aqueous solution containing a little sodium 
ammonium phosphate, and then add ammonia gradually with constant stirring, 
as in the first precipitation. Stand for 12 hours, again stir very thoroughly 
before filtering, wash as before; reject the filtrate and washings. 

Ignition of the Precipitate.'^ — The precipitate may be collected" on a Gooch 
asbestos ^ crucible prepared in the usual manner. After the crucible has been 
dried and heated slowly over a Bunsen burner (in a Gooch crucible saucer, 
page 92), it is heated over the Teclu or M^ker burner for about 10 minutes. 
Cool in a desiccator and weigh. Ignite 4 or 5 minutes, cool and weigh again. 
Repeat the ignition if necessary, until the weight is constant.^ 

If the precipitate be collected on a 7 cm. filter-paper, the moist paper is 
placed in the crucible, dried and carbonised very slowly in the (platinum or 
porcelain) crucible, placed obliquely on a triangle over, say, an Argand burner,® 
fig. 74. The temperature is gradually raised to redness, and there maintained 
until the precipitate appears white.® Finish the ignition over a weak blast. 


^ G. Surr, Min. Eng. World, 41, 1167, 1914. 

* K. Brookman (Zeit. anal. Chein., 21 , 551, 1882) dissolves the precipitate in nitric acid, 
and evaporates the solution to dryness in a weighed dish, ignites, etc. The object is to avoid 
loss (1) by the sticking of the precipitate to the walls of the beaker; (2) the “crawling'’ of the 
finely divided precipitate above the edge of the filter-paper on to the funnel during washing; 
(3) as “dust” during the transfer of the dry filter-paper to the crucible; and (4) loss as 
“dust” during the collapse of the ash of the filter- paper during the ignition in the crucible. 
L. L. de Koninck {Zeit. an^ew. Chem., i, 427, 1888; Zeit. anal. Ckem., 29, 165, 1890; R. 
Fresenius, ib., 15, 224, 1876; 16, 63, 1877) recommends a similar procedure for precipitates 
liable to reduction from the combustion of the filter-paper, e.g. ammonium and potassium 
chloroplatinates, ammonium magnesium arsenates and phosphates; cadmium and zinc 
carbonates. For weighing the precipitate as ammonium magnesium phosphate, 
]VIg(NH4)P04 . 6H2O, see W. Jones, Journ. Biol. Chem., 25, 87, 1916. 

® H. N. Warren {Chem. News, 61, 63, 1890) recommends a plug of gun-cotton (pyroxylin) 
in place of asbestos. This bums away on ignition. See J. L. Jodidi and E. H. Kellogg, 
Joum. Franklin Inst., 181, 217, 1916, for filtration with paper pulp. 

^ M. Wunder and C. Schuller, Ann. Chim. anal, 18, 221, 1913; S. S. Miholi<5, Joum. 
Chem. 80 c., 200, 1930. 

* It is not generally advisable to rest the triangle on the chimney of the Argand burner, 
because the draught may be choked. The crucible is best supported on a triangle as shown in 
the diagram. If the precipitate be large, it should be dried and separated from the filter- 
paj^r, so that the filter-paper can be ignited alone. If a platinum crucible be used for the 
ignition of the phosphate, and reducing agents (like carbon from the filter-paper, reducing 
gases, hydrogen liberated from the decomposition of ammonia at high temperatures, etc.) 
be present, phosphides may be formed. These attack the platinum (W. C. Heraeus, Zeit. 
angew. Chem., 15, 917, 1902; Chem. News, 97, 102, 1903; W. P. Headden, Proc. Colorado 
Scientific 80 c., 8, 45, 1906). Under ordinary conditions, however, there is little danger of 
this occurrence during the ignition of the magnesium phosphates if the temperature of the 
blast be not high enough to fuse the pyrophosphate. The action, however, may easily occur 
if Gooch’s platinum crucibles containing old precipitates be used. The action is most marked 
if the ignition be conducted quickly in covered crucibles. 

® W. F. Hillebrand {Btdl. U.S. Qeol. Bur., 700, 161, 1919), W. M. McNabb (Joum. Awer. 
Chem. Soc., 50, 301, 1928), H. Neubauer {Zeit. angew. Chem., 7, 678, 1894) say the calcined 
pyrophosphate will be white if the precipitation be made in the presence of ammonium 
sulphate. When the precipitate is ignited too rapidly, there is a rapid shrinking and sinter- 
ing. Particles of carbon are liable to be enclos^ with the precipitate. It is then almost 
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It is a bad practice to remove the last trace of carbon by blasting. The 
precipitate should be white before the blast is applied. If the contents of the 
crucible have a dirty white appearance, Fresenius ^ recommends moistening the 
precipitate with a few drops of nitric acid. Dry and ignite as before. There is 
always a slight loss after the nitric acid treatment, ^ probably owing to the fact 



Fkj. 74. — Ignition over Argand Burner. 

that some MgH 4 (P 04)2 is formed. This on ignition forms magnesium meta- 
phosphate — Mg(P 03 ) 2 — which decomposes as indicated on page 206. After 

impoRsible to burn off the carbon by ignition, even in a blast (R. Bunsen; F. Muck, Zeit, 
anal, 19 , 131, 1880; S. J. Kiehl and H. B. Hardt, Journ. Amer. Chem. Soc,, 55 , 3555, 

1933). L. L. de Koninck {ZpH. anal, Chem,, 29 , 165, 1890) considers the fi-equent blackening of 
magnesium pyrophosphate is not due to particles of carbon derived from the filter-paper, but 
to the presence of organic bases {e,g, pyridine) in commercial ammonia and its salts. L. A. 
Cuthbert, Joum, Atner, Leather Chem, AsstK,., 10 , 459, 1915; J. G. Pereira, Anal, Fis, Quim., 12 , 
109, 1914; S. Karaoglanoff, Jahrb, Univ, Sofia, 7 , 1, 1910; D. Balareff, Zeit, anorg, Chem,, 97 , 
149, 1916. K. D. Jacobs and D. S. Reynolds {Journ, Assoc, Off, Agr, Chem,, ii, 128, 1928) 
have shown that when carbon and magnesium pyrophosphate are heated together in an 
atmosphere of nitrogen at temperatures of lOCO*^ to 1 100^, up to 32 per cent, of the phos- 
phorus may be volatilised in an hour. 

^ R. Fi^enius, Quantitative Ckemiml Analysis, London, 2 , 190, 1876. 

* According to D, Campbell (Chem, News, 6 , 206, 1862), the treatment of magnesium 
pyrophosphate with nitric acid is objectionable, because the liberated phosphoric acid may 
volatilise at the high temperatures required for expelling the last traces of the nitric acid. 
J. O. Handy* Joum, Amer, Chem, Soc,, 22 , 31, 1900; E. Luck, Zeit, anal, Chem,^ 13 , 255, 
1874. 
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ignition to constant weight, cool in a desiccator and weigh as Mg2p207. This 
weight multiplied by 0*3621 ^ gives the equivalent weight of MgO.^ 

Correct -Magnesia determinations are usually a little high owing to the 
presence of some impurities, e.g. lime, manganese, silica. 

(a) Lime , — There is not usually sufficient magnesia present in clays to 
render it advisable to apply Hillebrand’s correction for lime.® If, however, 
over, say, 2 per cent, of magnesia be present, the correction may be jnade if 
the work is intended to be exact. Digest the pyrophosphate in a little dilute 
sulphuric acid, and add 9 to 9| times its volume of absolute alcohol. After 
standing overnight, filter off the scarcely visible precipitate of calcium sulphate 
and wash it free from phosphates by means of alcohol. Dry the precipitate; 
dissolve in hot water slightly acidulated with hydrochloric acid and precipitate 
the lime in ammonia(‘.al solution by means of ammonium oxalate (page 202). 
Filter, wash, ignite and weigh as CaO. Add the result to the lime and subtract 
it from the magnesium pyropho8])hate. 

(h) Manganese . — If this element ^ be present, it (?an be determined colori- 
metrically in the nitric acid solution of the precipitate. In such cases 
evaporate the solution to dryness, drive oft‘ the ammonium salts by ignition 
and again evaporate the residue to dryne.ss two or three times with nitric 
acid (or once with sulphuric acid) to drive off the chlorine. Determine the 
manganese colorimetrically, as indicated on page 406, and deduct the corres- 
ponding weight of Mn2P207 from the weight of the nominal Mg2P207. 

(c) Silica . — If silica be present, the magnesium pyrophosphate will leave 
a residue ® when treated with dilute sulphuric acid. This is filtered off, 
ignited and weighed as indicated on page 167. The amount of silica is sub- 
tracted from the magnesium pyrophosphate. 

{(i) Barium . — See page 581 for barium in silicates.® 

Errors . — Some idea of the results may be gathered from the eight inde- 
pendent determinations on one sample of clay: — 

0*0106; 0*0114; 0*0109; 0*0110; 0*0107; 0*0103; 0*0117; 0*0118 

with a mean of 0*0110 grin. MgO, representing 1*10 per cent, of MgO. The 
deviations from this value range between ±0*08. ’ 


§ 100. Determination with 8 -Hydroxyquinoline (‘‘Oxine’*). 

The filtrate from the calcium oxalate precipitate is heated almost to boiling 
and made alkaline, if necessary, with a slight excess of ammonia. A 5 per cent, 
alcoholic solution of 8-hydroxy quinoline, C9HgN0H, is then added, drop by 
drop, with stirring, until in slight excess, as shown by the yellow colour of the 


^ Or by 0-6378 for the equivalent weight of PjOg (page 674). 

* M. Schmoeger, Zeit. anal. Chem., 37, 308, 1898; H. Mastbaura, ib., 37, 581, 1898. 

* W. F. Hillebrand, Bull. U.S. Geol. Sur., 700, 152, 1919. 

* The magnesium pyrophosphate has generally a pink colour if appreciable amounts of 
manganese be present. 

* Some platinum sulphide may also be present (see page 167). 

* B. Tollens (Journ. Landw., 30, 48, 1883) says that if basic lime or magnesia phosphates 
are precipitated with the ammonium magnesium phosphate, and a little silver nitrate be 
added, a yellow colour will be developed when the precipitate is warmed. 

’ For a colorimetric method for determining quantities of magnesium of the order of 
0-1 mgrm. via the triple ferrocyanide of calcium, magnesium and hexamethylenetetramine, 
see L. Bebucquet and L. Velluz, Compt. rend., 196, 2006, 1933. For the volumetric deter- 
mination of the precipitated magnesium ammonium phosphate, see F. W. Bruckmiller, 
Jemn. Amer. Chem. 80 c., 39, 610, 1917. 
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liquid.^ Large excess must be avoided, since the reagent itself may be pre- 
cipitated, The yellow crystalline precipitate of magnesium oxyquinolinate is 
filtered off through a weighed Gooch crucible, or a sintered glass filter crucible, 
which has been previously dried at 1()0° 105°. The precipitate is washed free 
from foreign salts with hot water, made just alkaline with ammonia. The 
crucible and contents are dried to constant weight at 100°“105°, when the 
precipitate loses two molecules of water of crystallisation and has the final 
composition, Mg(C<jHgNO) 2 . 2 H 2 O, with 11*57 per cent, of magnesium oxide. 
By drying at 1 30° - 140° the })recipitate becomes anhydrous ; or it may be ignited 
in a porcelain crucible with 2-3 grms. of anhydrous oxalic acid and weighed as 
magnesium oxide. 

Volumetric Determination.— The, washed precipitate is dissolved off the 
filter-paper with 5 per cent, hydrochloric acid. After well washing the paper, 
the filtrate and washings are diluted until about 2 per cent, of free hydrochloric 
acid is present. A measured excess of 0*lN-bromide-bromate solution ^ is 
added, followed by a few grms. of potassium iodide. The liberated iodine is 
titrated with 0*lN-thiosulphate solution with starch as indicator. 1 c.c. of 
0*lN-bromide-bromate solution represents 0*000504 grm. MgO. 

^ R. Berg, Ztit. anal. Chmi., 71 , 23, 1927; F. L. Halm and K. Vieweg, ih., 71 , 122, 1927; 
F. L. Hahn and E. Hartlieb, ib., 71 , 225, 1927; F. L. Hahn, ib., 86 , 153, 1931 ; W. Fresenius, 
ib., 96 , 433, 1934; R. Berg, Jemrn. prakt. Chem., (2), 115 , 178, 1927; 1. M. Kolthoff, Chem. 
Weekb., 24 , 606, li)27; R. Strebingcr and W. Reif, Mikrovhcm. Pregl Fedschrift, 319, 1929; 
R. Berg, ib. Emich Fesiachrift, 18, 1930; F. Eichholtz and R. Berg, liiochem. 225 , 
352, 1930; VV. A. Hough and J. B. Ficklen, Jemrn. Amer. Chem. Sac., 52 , 4752, 1930; E. 
Cattelain, Jonrn. Pharm. Chirn., ( 8 ), ii, 484, 1930; G. Glomaud, t 6 ., ( 8 ), 19 , 14, 1934; 
K. Nehring, ZeAi. Pfianz. Diing.^ 21 A., 31 K), 1931; H. Fredholm, Fvensk Kem. Tida.j 44 , 79, 
1932; A. Granger, Ceram, et Verrerie, 137, 1932; H. R. Fleck and A. M. Ward, Analyst^ 
58 , 388, 1933; H. Goto, Journ. Chem. Ear. Japan, 54 , 725, 1933; D. C. Vucetich, Aev. 
FacuHad Cienc. Quim., 9 , 81, 1934; H. Sheyn, Naiuraliftie Canadien, 61 , 74, 1934; M. Javillier 
and J. Lavollay, Bull. Sac. chim. hiol., 16 , 1531, 1934; R. F. R. Sykes, Journ. Soc. Glass Tech., 
20 , 345, 1936. 

* Bromide- Brom ATE Solittion. — Dissolve 2*7835 grms. of potassium bromate and 25 
grms. of potassium bromide and dilute to 1 litre. Pure potassium bromate can be prepared 
by three crystallisations, and drying the last crop of crystals at 140^' — M. L. Yakowitz, 
Journ. Assoc. Off. Agr. Chew., 18 , 505, 1935. For the use of a-naphthoflavone as indicator 
in bromate-bromide titrations, see R. Uzel, Coll. Czech. Chem. Comm., 7 , 381, 1935. 



CHAPTER XVII. 


THE DETERMINATION OF THE ALKALIES. 

§ loi. Meretricious Methods for Estimating the Alkalies. 

1. Difference Method. — We shall see very shortly that the sum of the diflferent 
constituents in a clay analysis may vary between 99*5 and 100*5. Assuming 
that the tolerated errors in the determination of the different constituents 
correspond with a total lying within 99*5 and 100*5, it follows that if the 
alkalies be determined by summing the different constituents actually deter- 
mined and subtracting the result from 100, the alkalies may actually be 0*5 
per cent, greater or leas than the number obtained by the subtraction. This 
means that a clay with 1 per cent, of alkalies might be reported with ^ or IJ 
per cent., and the numbers mean that the clay might have anything between 
0*5 and 1*5 per cent, alkalies, on the assumption that the analysis has been 
conducted accurately. The number representing the alkalies would therefore 
be quite misleading unless interpreted as just indicated. It would certainly 
be better and more honest to report, “Alkalies not determined.’' It will also 
be noticed that when a constituent — say the alkalies — is determined by 
difference, and the whole analysis totals 100, there is no check on the accuracy 
of the analysis, and the numbers are accordingly under more or less suspicion. 

2. Calculation from the Supposed Quantities of Potash and Soda. — There is 
another unsatisfactory method used for estimating the alkalies.^ The mixed 
chlorides are isolated and weighed. It is then assumed that the potassium and 
sodium chlorides are present in equal or some other proportions. The corre- 
sponding potash and soda are then calculated by arithmetic and reported as 
“alkalies.” This method is possibly less objectionable than the preceding one, 
but it too must be condemned. It pretends to re2)resent by number a magni- 
tude which has not really been determined. ^ There is no method known for 
determining alkalies without separating them into “potash and soda.” 

§ 102. The Separation of the Alkalies as Mixed Chlorides — 

Smith's Process. 

The alkalies in silicates are usually determined by first decomposing the clay 
with hydrofluoric acid, or by fusion with bismuth, lead or boric oxide, or by 
sintering with calcium carbonate and ammonium chloride.® The con- 
stituents other than alkalies are then removed. The mixed alkali salts 


^ At present rather too common, 

* In illustration of both these vicious methods, see the two clay analyses, Brit. Olayworherf 
19 , 155, 1910. 

* E. M&kinen {Zeit, anorg. Chem., 74 , 74, 1912) fuses the silicate with calcium chloride, and 
otherwise proceeds as described in the text. 
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remain behind as a residue.^ One of the two following methods is generally 
used. The most important and one of the best for general work, is that devised 
by J. Lawrence Smith. ^ The following are the directions: — 

The Crucible and Furnace . — An ordinary covered platinum crucible may be 
used, but great care is then necessary not to heat the crucible at too high a 
temperature, nor should the crucible be heated to redness more than three-fifths 
of its height. The crucible recommended by Smith is best. It is a platinum 
crucible about 8 cm. long, 1*8 cm. wide at the mouth, and 1'5 cm. wide at the 



Fig. 75. — Furnace for ,7. L. Smith’s Process. 


bottom. This crucible is placed at an angle of about 45® through the side of a 
fireclay cylinder, and heated to the full tem])erature of a Bunsen burner as 
described below. Wrap a thin strip of asbestos paper round the crucible. This 
strip comes between the crucible and the fireclay jacket. It prevents the 
crucible jamming tightly in the aperture of the fireclay cylinder. The dis- 
position of the fireclay cylinder and crucible is indicated in fig. 75. The source 
of heat is an ordinary Bunsen burner with a flat-flame nozzle (fig. 75). 

Preparation of the Sample for the Decomposition . — Spread about half a gram 
of calcium carbonate ® as a layer on the bottom of the crucible. Thoroughly 

1 E. Bonjean, Chem. News, 8o, 240, 1899; A. Verweij, ZeM. anal Chem., 48, 760, 1909; 
E. W. Ddrfurt, 16., 51, 755, 1912. 

* J. L. Smith, Amer. J. Science, (2), 15, 234, 1853; (2), 16, 53, 1853; (3), I, 269, 1871; 
Journ. praM. Chem., (1), 59, 159, 1853; (1), 60, 244, 1853; Chem. News, 23, 222, 234, 1871; 
P. Holland, ib., 54, 242, 1886; F. Field, ib., i, 193, 217, 1860: T. Doring, Zeit. ami. Chem., 
49, 168, 1910. W. Pukall {SprechsaaJ,66, 231, 1933; V. F. Vepritskaya and M, L. Gurevitch, 
Offneupory, 5, 306, 1937) recommends a mixture of lime and dihydrated calcium chloride. 
R. L. Steinlen {Chem. Ztg., 29, 264, 1905; B. M. Margosches, ib., 29, 385, 1905) has devised 
a special cooler for the lid of the crucible, to prevent loss of alkalies by volatilisation. 

« Calcium Cabbostatk. — This is best made by dissolving caloite in hydrochloric acid. 
Heat the solution of calcium chloride to boiling, and add a hot concentrated solution of 
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grind together in an agate mortar half a gram of ammonium chloride ^ with 
half a gram of the finely powdered and dried clay and 3 grms.® of calcium 
carbonate. Transfer the mixture from the mortar into the platinum crucible. 

Rinse” the mortar and pestle with another gram of calcium carbonate, and 
transfer the rinsings to the crucible. The process of grinding the mixture 
and transferring it to the platinum crucible is carried out on a sheet of black 
glazed paper; any particles which may have been scattered in these operations 
are then brushed from the j)aper into the crucible.^ 

the crucible, inclined as indicated above, very gently over 
a small flame for about 15 minutes, in order to volatilise the ammonium chloride. 
Then raise the temperature until the lower three-fifths of the crucible is at a 
dull red heat and maintain this temperature for about an hour.^ Let the 
crucible cool. Beginners generally err by heating the crucible at too high ® a 
temperature, when the mass vitrifies and then disintegrates with difficulty 
on treatment with water.® 

Dissolution of the CaJee in the Crucible . — Remove the cake from the crucible 
by adding 2 to 3 c.c. of water. After five or ten minutes, add more water. The 
sintered, not fused, cake usually comes away from the crucible quite readily. 
Transfer the contents of the crucible to a large porcelain or platinum dish. 
Cover with a clock-glass and heat the mass for about half an hour on the water 


ammonium carbonate. Wash the precipitate thoroughly with hot water on a liui^hner 
funnel (page 91), and dry. This procedure gives a dense, coarse, granular powder very suit- 
able for this work. The calcium carbonate is generally contaminated with sodium chloride, 
but free from potassium chloride. This circumstance, and the fact that alkalies may be dis- 
solved by the action of hot water on the glass vessels used in the analysis, render it necessary 
to find what correction must be made for the alkalies derived from the nuigents and glass 
vessels. This is done by carrying out the whole process on ()*/) grm. of ammonium chloride 
and 4*5 grins, of calcium carbonate exactly as if the clay were present. This is very necessary 
in the analysis of highly siliceous materials with a correspondingly low alkali content. In 
such cases the blank from the reagents may even exceed the weight of mixed chlorides obtain- 
able from the analysis sample itself. A blank test made in this way gave 0'(KK)22 grm. NagO 
and no KgO for the materials quoted in the text. See M. Grager, Neues Jahrb. Pharm,.y 29, 
158, 1868. K. Fabich {Verhandl. geol. Bundesan stall y 241, 19.’10; Chem. Zenlr.y ii, 601, 1931) 
reports that the purest commercial samples of calcium carbonate contain from ()-00045 to 
0-0316 grm. of alkali per 4 grms. of carbonate. For barium carbonate in place of calcium 
carbonate and ammonium chloride, see G. Werther, Journ. pmkt. Chem., (1), 91, 321, 1864. 
F"or the determination of sodium in calcium carbonate?, see E. K. Calev, Ind. Eng. Chem. Anal. 
Ed.y 1, 191, 1929. 

^ Ammonium Chloride. — The ammonium chloride is made by neutralising pure ammonia 
with pure hydrochloric acid, or by rcsubliming commercially pure ammonium chforide. 
J. S. Stas, (Euvres Completes^ Bruxelles, i, 468, 1894; Chem. News, 15, 194, 217, 231, 1867. 

* If the silicate contains much iron, or is liable to sinter, increase the amount of calcium 
carbonate. 

* W. van Tongeren {ZeAt. anorg. all^em. Chem., 218, 252, 1934; Chem. Weekb., 32, 224, 
1935) grinds the sample and an equal weight of ammonium chloride under alcohol, then 
adds the calcium carbonate and continues the grinding. The mixture is dried in an air oven. 
This procedure is said to avoid loss of material. 

* P. Wenger and E. Brange {Mon. Sci., (5), 8, i, 97, 1918) say that the reaction is com- 
pleted by heating for 2 hours at 7(X)°. L. Breeman, junr., and S. R. Scholes {Bull. Amcr. 
Cer. Soc., 13, 334, 1934) sinter for 45 minutes at 800°. 

* A. Verweij {Zeit. anal. Chem., 48, 760, 1909) uses a platinum crucible 4*5 cm. high and 
3-5 cm. in width. He covers the mixture with a layer of 3 grms. of calcium carbonate, and 
after the expulsion of ammonia, heats the mixture for an hour over a Teclu or powerful 
Bunsen burner. The cold mass is boiled 16 minutes with water, etc. C. Prussing {Zement, 
20 f 360, 1931) finds that with gas of high thermal value, and using Teclu’s burner, considerable 
quantities of alkalies may be lost by volatilisation. 

* To prevent the charge from sticking, T. C. Green {Ciiem. Analyst, 16, 16, 1927) places 
a cork borer in the crucible and fills the space between the crucible and the borer with esdeium 
carbonate. The mixture is then fed in through the inside of the borer. 
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bath with about 50 c.c. of water, ^ and restore that lost by evaporation from 
time to time. Triturate any large particles to powder with a small agate pestle. 
Decant the clear liquid through a filter-paper. Wash about four times by 
decantation and transfer the residue to the filter-paper. Wash until the wash- 
ings only give a faint turbidity with silver nitrate. ^ If the clay has been 
perfectly decomposed, the residue on the filter-paper should leave no un- 
decomposed residue when treated with hydrochloric acid.^ 

Removal of Lime . — The filtrate is heated to 80°- 90° and 10 c.c. of ammonium 
carbonate solution ^ added to precipitate the lime. The solution is filtered and 
the residue well washed, the filtrate and washings being retained. A hole is 
made in the filter-paper, the precipitate washed tlirough into the beaker from 
which it has just been filtered and redissolved in about 5 c.c. of concentrated 
hydrochloric acid. The solution is boiled, a slight excess of ammonia and 
another 10 c.c. of the ammonium carbonate solution added, and the liquid 
filtered into the beaker containing the first filtrate. The residue is again well 
washed before discarding.^ Evaporate ® the filtrate to dryness in a platinum 
or porcelain dish. Cover the dish with a clock-glass and bake for 30 minutes 
in an air oven at 110° to expel the last traces of moisture. Remove the 
ammonium salts by gentle ignition in a moving flame. Moisten the cold 
residue with about 3 c.c. of ammonium oxalate solution ® and a drop of 
ammonia in order to precipitate the last traces of lime, and, after covering 
with a clock-glass, allow to stand for 12 hours — say overnight.® 

Determination of the Mixed Alkali Chlorides — Filter the liquid through a 
7 cm. paper into a small platinum dish and wash the residue on the paper with 
a few c.c. of ammonium oxalate solution. The filtrate is evaporated to dryness 
on a water bath, but as the liquid may spurt during the early stages of the 
evaporation, the dish is covered with a clock-glass until all the ammonium salts 
have decomposed, and any liquid adhering to the glass is then washed back into 
the dish, \\lien dry, the rcvsidue in the dish is ignited, cooled and then 


^ According to T, Doriiig {Zfit. aiial. 49 , 158» 1910), at least 500 c.c. of filtrate 

should be obtained per grain of sample, because the alkali chlorides are retained tenaciously 
by the insoluble mass. 

* The faint turbidity is possibly due to the presence of cahrium oxychlorides which are 
slowly dissolved from the residue. Borates will be found in the insoluble residue. 

s Some flecks of sili(;ic acid may separate. 

* Ammonium Carbonate Solittion. — 100 grins, of ammonium carbonate are dissolved 
in 100 c.c. of concentrated ammonia (sp. gr. 0*88) and the solution diluted to 500 c.c. with 
water. For the reaction between alkali chlorides and ammonium carbonate, sec P. Malikov 
and M. Hozenblatt, Journ. Hnsi*. PhtjM. Che.m. 47 , 1093, 1915. 

* D, Koszegi {Acta Set. Reg. IJniv, Hung. Fran. Jos., 2 , 214, 1927) remove's the lime by 
evaporating the filtrate to dryness with hydrochloric acid and extracting the dry residue 
with absolute amyl alcohol, in which sodium and potassium chlorides are practically insoluble. 

® G. H. Bailey {Journ. Chem. S(}C., 65 , 445, 1894) noticed a loss of alkali chlorides during 
the evaporation of 0*1 N -solutions of alkali chloride. For instance, lithium chloride lost 0*25 
mgrm. per litre; sodium chloride, 0-81 ragrm. per litre; potassium chloride, 1*22 mgrms.; 
rubidium chloride, 2*95 mgrms. ; and caesium chloride, 3*35 mgrms. per litre. 

’ In specially exact work, the removal of the ammonium salts is best effected by heating 
the dish placed high above the flame. This requires about 45 minutes. If the ignition be 
conducted too rapidly, or the dish he too strongly heated, several milligrams of alkali may 
be lost; otherwise, A. Mitscherlich {Journ. prakt. Chem., ( 1 ), 83 , 459, 1861 ; .1. Boussingault, 
Compt. rend., 64 , 1159, 1867) has shown that there is no loss of alkali during the expulsion 
of the ammonium salts. See page 209. If phosphates are present, ignition in a silica dish 
renders part of the potassium insoluble — L, D. Haigh, Journ. Off. Agric. Chem., ii, 

219, 1928. 

* If sulphates be present, first add a drop of barium chloride solution and remove the 
excess of barium by means of ammonium oarlmnate. 

* Schaffgotsch’s or Gooch and Eddy’s solutions can also be used for the removal of lime 
and magnesia, as described in the next section. 
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moistened with a few drops of concentrated hydrochloric acid, again evaporated 
to dryness, ignited at a low red heat ^ until white, cooled and weighed. The 
residue is then washed out with hot water into a small porcelain dish and the 
platinum dish again ignited and weighed. The difference in weight represents 
the weight of the mixed — sodium and potassium — chlorides. If the residue 
dissolves in water, all is well. If not, filter off the insoluble matter, ignite and 
weigh. Deduct the weight of the insoluble residue from the weight of the total 
chlorides. 

The Accuracy of the Results. — The following numbers represent the results 
obtained with eight independent determinations on half-gram samples of the 
same clay: — 

0-0226; 0-0229; 0-0233; 0-0229; 0-0228; 0-0221; 0-0225; 0-0222 

The mean value is 0-0227 grm. per half-gram of clay; the deviations range 
approximately i 0*0006 per half -gram of clay. There is also a constant error 
due to loss of alkali. J. L. Smith says: ‘‘Usually an amount of alkali remains 
behind amounting to 0-2 to 1-0 per cent, of the materials used.’* Smith recovers 
this by reheating the residue after the first sintering with the ammonium 
chloride mixture, and mixing the aqueous extract with the extract of the 
sintered mass obtained during the first heating. By proceeding as described 
above, the errors from this source will rarely exceed 0-002 grm. Holland ^ has 
investigated the magnitude of the loss due to the retention of alkalies by the 
precipitate during the first extraction. He obtained: — 


Table XXXIV. — Loss of Alkalies in Smith's Process. 


Nature of silicate. 

Mixed chlorides, in grams. 

First sintering. 

Re-sintering of residue. 

Basalt (Wales) 

0*1305 

0*0040 

Basalt (Westmoreland) 

0*1118 

0*0032 

Leucite (Riedeii, Germany) 

0*2472 

0*0034 

Red spongy lava (Pompeii) 

0*1434 

0*0038 

Syenite (North Wales) 

0*1634 

0*0029 


Hence it is very probable that practically all but about 2 per cent, of the total 
alkali is extracted during the first operation. Under these conditions, about 
2 per cent, of the total alkali is lost. This agrees with Dittrich’s observation, 

^ A. Mitscherlich (Joiirn. prakt. Chem., ( 1 ), 83 , 485, 1861) has shown that a six minutes* 
heating to the melting-point of potassium chloride resulted in a loss of 0*0040 per cent. KCl 
and 0*0042 per cent. NaCl. — H.. Rose, Pogg. Ann., 31 , 133, 1833; G. H. Mulder, Archiv 
Pharm., (2), 129 , 231, 1867; J. Reichmann, Journ. Oasbehuchtung, 7 , 9, 1864; P. M. Dela- 
charlonny, Compt. rend., 103 , 1128, 1886; H. B. von Adlerskron, Zeit. anal. Ckem., 12 , 390, 
1873; G. F. Smith, F. M. Stubblefield and E. B. Middleton {Irld. Eng. Chem. Anal. Ed., 6 , 
314, 1934) find that mixed crystals of sodium and potassium chlorides, after drying at 550°, 
still retain on an average 0*08 per cent, of occluded moisture. They weigh the mixed chlorides 
after fusion at 900° in a Lawrence Smith’s crucible with its lid water-cooled, otherwise the 
volatilisation loss would be excessive. E. Spencer and K. B. Sen {Analyst, 54 , 224, 1929), 
by using ammonium bromide and hydrobromic acid, weigh the alkalies as mixed bromides, 
which are less volatile than the chlorides. For determination as iodides, see L. Szebell4dy 
and K. Schick, Ind. En^. Chem. News Ed., il, 110, 1933; Zeit. anal. Chem., 97 , 106, 1934; 
M. Hegedus, ib., Z 07 , 1^, 1936. 

^ P. Holland, Chem. News, 54 , 242, 1886; T. E. Keitt, Chemist^Analyst, 8 , 9, 1914. 
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cited Table XXXVIII. , page 243, and the result may be taken to represent the 
constant incidental to the process. The other chief errors arise from (1) too 
high a temperature for the sintering; (2) imperfect leaching of the sintered 
mass; (3) driving off the ammonium chloride too rapidly; (4) spitting by too 
rapidly heating to drive off the ammonium salts; (5) igniting the mixed 
chlorides at too high a temperature; (6) imperfect separation of magnesium 
and calcium salts; and (7) the presence of sulphates. If the silicate contained 
appreciable quantities of sulphur, this element will be found as alkali sulphates 
along with the chlorides. The sulphates can be converted into chlorides by 
adding a little barium chloride before the final precipitation of the calcium is 
made. The excess of barium is removed by the ammonium carbonate and 
oxalate treatments.^ 

§ 103. The Separation of the Alkalies as Mixed Chlorides — 
Berzelius’ Process. 

It is sometimes convenient to decompose the silicate by a mixture of 
sulphuric and hydrofluoric acids, as recommended by Berzelius.^ The alumina, 
lime, magnesia, etc., may be precipitated by mercuric oxide,® barium oxide, ^ or 
ammonium carbonate.'^ The alkali salts remain in solution. The following 
plan gives good results. It is rather quicker than Smith’s process, but more 
expensive materials are needed. The “yield” of mixed chlorides is also about 
1 per cent, (on the “total alkali”) higher than in Smith’s process. Berzelius’ 
process is not recommended when the silicate contains boron comi^ounds. In 
Smith’s process the boron remains behind as insoluble calcium borate. 

Removal of Silica, Alumina and Iron, —Mix 1 grin, of the clay in a platinum 
crucible with 5 c.c. of concentrated sulphuric acid and add carefully, in small 
quantities at a time, about 20 c.c. of pure hydrofluoric acid.® Heat gently on 
a sand bath ; when the hydrofluoric acid has evaporated, add another 20 c.c. 
of hydrofluoric acid, and heat as before. When the hydrofluoric acid has nearly 


^ For the adsorption of alkali salts by the precipitated barium sulphate, see G. Hager 
and d. Kern, Landw. Verfiuchs. Slat., 87 , 36.5, 1915; R. Otto, Ber., 55 B, 3434, 1922. 

* J. il. Berzelius, Pogg. Ami., i, 169, 1824; E. A. Wiilfing, Ber,, 32 , 2214, 1899; C. Rein- 
hardt, Stahl Kisen, i 6 , 448, 1896; W. Knopp, Zeit. anal. Chem., 22 , 421, .558, 1883; 18 , 
462, 1879; Chem. News, 48 , 110 , 1883; A. H. Low, ib., 67 , 185, 1893; Journ. Anal. App. 
Chem., 6, 666 , 1892; H. Schweitzer and E. Lungnitz, Chem. Zig., 18 , 1320, 1894; E. C. 
Sullivan and W. 0. Taylor, Journ. Ind. Eng, Chem., 6 , 897, 1914; J. C. Hostetter, ib., 6 , 
392, 1914; E. W. Koenig, ib., Annl. Ed., 7 , 314, 1935; O. Oantoni, Zeif. anal. Chem., 67 , 
33, 1925; S. R. Scholes, Journ. Amer. Cer. Soc., 16 , 342, 1933; H. B. Knowles and J. C. 
Redmond, ib., 18 , 106, 1935; H. V. Krishnayya, Chem. News, 107 , 100, 1913: R. F. R. Sykes, 
Journ. Soc. Glass Tech., 20 , 345, 1936. For the use of hydrofluoric and perchloric acids, sec 
M. M. Green, Ind. Eng. Chem., 15 , 163, 1923; J. J. Morgan, ib., 13 , 225, 1921; A. Thiirmer, 
Chem. Zig., 52 , 974, 1928. 

* E. F. Smith and P. Heyl, Zeit. anorg. Chem., 7 , 82, 1894; Chem. News, 70 , 193, 204, 
1894; G. Starck, Zeit. anal. Chem., 48 , 415, 1909. 

^ J. N. von Fuchs, Schweigger's Journ., 62, 184, 1831; H. Rose, Pogg. Ann., 83 , 137, 
1851; J. E. Thomsen, Journ. Amer. Chem. Sxk., 30 , 420, 1908. 

® F. G. Schaffgotsch, Pogg. Ann., 104 , 482, 1858; H. Weber, Vierteljahr. prakt. Pharm., 
8 , 161, 1859. Schaffgotsch’s solution is made by dissolving 230 grms. of ammonium carbonate 
in 180 c.c. of aqueous ammonia (sp. gr. 0*92) and making the solution up to a litre. F. A. 
Gooch and E. A. Eddy, Chem. News, 97 , 280, 1908; Amer, J. Science, (4), 25 , 444, 1908; 
F. A. Gooch and M. A. Phelps, ib., (4), 22,488, 1906; F. A. Gooch, ib., (3), 48 , 216, 1893; 
P. E. Browning and W. A. Drushel, Zeit. anorg. Chem., 54 , 151, 1907; D. Divers, Journ. Chem. 
Soc., 6 x, 196, 1892; E. Bonjean, Bull. Soc. chim., (3), 21, 691, 1899; Chem, News, 80 , 248, 1899. 

® R. Kayser {Zeit. dffeni. C^m., 5 , 107, 1900) found 2*4 per cent, of potash in one sample, 
and 1*4 per cent, of potash and 0*6 per cent, soda in another sample of so-called ''chemische 
reine Flusssfture**; see also R. G. Thin and A. C. Gumming, Journ. Chem. Soc., 107 , 361, 
1915. Hence the necessity for testing this acid for alkalies. See pages 149 and 513. 
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gone, evaporate the solution to dryness. Cool. Add concentrated aqueous 
ammonia and heat gently. When the mass is quite disintegrated, filter and 
wash with hot water. 

Transformation of the Sulphates into Chlorides. — It is now advisable to 
transform the sulphates in the filtrate into chlorides ^ by precipitation as 
barium sulphate, and removing the excess of barium chloride as barium 
carbonate^ in the following manner: — Acidify the filtrate with hydrochloric 
acid,^ and heat the solution to boiling. Add a slight excess of a hot solution of 
barium chloride ^ to the boiling solution. Heat the mixture to boiling and let 
it stand overnight. Filter, wash with hot water, evaporate the filtrate to 
dryness in a platinum dish, ignite to drive off the ammonium salts and cool. 
The barium is removed during the next operation. 

Removal of Magnesia and Lime. — The main difficulty in this process is the 
removal of the magnesia. Ammonium magnesium carbonate is appreciably 
soluble in ammoniacal ammonium carbonate (Schaffgotsch’s solution), and an 
exact separation is not possible by this reagent. Gooch and Eddy have shown 
that an alcoholic “Schaffgotsch’s solution” is quite effective, since the pre- 
cipitation of the magnesia is then complete. Add about 50 c.c. of water to the 
ignited residue, then add 50 c.c. of absolute alcohol and 50 c.c. of an alcoholic 
solution of ammonium carbonate — Gooch and Eddy’s solution.® Stir the 
mixture thoroughly and let it stand about 20 minutes. Filter into a weighed 
platinum dish and wash with Gooch and Eddy’s reagent. Dissolve the pre- 
cipitate in dilute hydrochloric acid, add an excess of ammonia, and repeat the 
above process. Evaporate the combined filtrates to dryness. Drive off' the 
ammonium carbonate by gentle heating. Add a few drops of concentrated 
hydrochloric acid and again evaporate to dryness. Ignite, cool and weigh the 
mixed chlorides. 


^ According to H. Rose {Poyg. Ann., 74 , 568, 1848), when alkali sulphates are mixed 
with ammonium chloride and exposed to a red heat, the alkali sulphate is partly, and on 
repeated application of the process wholly, transformed into the chloride. E. Nicholson (Chtm. 
News, 26 , 147, 1872) claims that this reaction is of no use as an analytical process. According 
to F. C. Phillips {Zfit. anal, Chem., 13 , 149, 1874; M. Chikashige, Chem. News, 71 , 17, 1895), 
for complete conversion, the temperature of ignition should be just short of the melting-point 
of sodium and potassium chlorides, and the l^est way of converting the sulphates to chlorides 
is to evaporate the solution to dryness in a platinum basin with ammonium chloride. Mix 
the residue with dry powdered ammonium chloride and calcine to a constant weight in a 
covered crucible to avoid loss by volatilisation. H. Ritter {Sprechsaal, 63 , 606, 1930; W. 
Pukall, ib., 66, 231, 1933) prefers to weigh the alkalies as mixed sulphates rather than chlorides, 
owing to the lower volatility of the former. 

* Better results are obtained at a later stage by w^orking with chlorides, although some get 
the alkalies at the last stage as mixed sulphates instead of mixed chlorides, and determine the 
potassium as potassium chloroplatinate in the mixed sulphates. The small amount of 
sulphuric acid liberated during the double decomposition ; K 2 SO 4 + HjjPtCl, - KjPtCl* -f H 2 SO 4 , 
does not appreciably affect the results. 

^ There is a slight loss of alkali chlorides by adsorption. The barium sulphate carries 
down less potassium salts when the precipitation is made in feebly acid solution — B. West, 
Zeit. anal. Chem., 20 , 357, 1881. J. F. de Vries (Chem. Weehhlad, 5 , 261, 1908) found 26*6 
instead of 27*0 per cent. KgO. The loss was due to the potassium salt retained by the barium 
sulphate. See also footnote 1, page 219. R. Otto (loc. cit.) obtains a precipitate of barium 
sulphate free from adsorbed alkali salts by running the alkali sulphate solution and a solution 
of barium chloride, slowly and in equivalent quantities, from burettes into boiling l ON- 
hydrochloric acid. 

* Commercial “guaranteed pure” barium cldoride not infrequently contains potassium 
salts. Hence attention must be paid to this matter, otherwise high results may be obtained. 

^ Gooch and Eddy’s Solution. — M ix 180 c.c. of ammonia, 800 c.c. of water, 900 c.c. 
absolute alcohol and saturate the mixture with ammonium carbonate. Filter off any 
undissolved salt. 
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§ 104. The Indirect Determination of Potash and Soda. 

In Home cases it is possible to determine, quite accurately, the potash and 
soda in the mixed chlorides ^ by the so-called ‘‘ indirect process/’ The weight of 
the mixed chlorides is first determined, and afterwards the total chlorine by, 
say, Mohr’s process (page 68), particularly if an adsorption indicator such as 
dichlorofluorescein be used. From the data so obtained, it is possible to deduce 
the respective amounts of soda and potash by arithmetic. 

Let KCl denote the weight of potassium chloride and NaCl the weight of 
sodium chloride in the mixture. Let w denote the weight of the mixed 
chlorides, and u the \>reight of chlorine in the mixture. Then, obviously, 

KCl + NaCUu’ (1) 

One part by weight of sodium chloride contains 0*6066 part of chlorine, and one 
part by weight of potassium chloride contains 0*4756 part of chlorine. Hence 
the total weight of chlorine may be written : 

0*6066NaCl + 0*4756KCl-?i .... (2) 

These two relations suffice for the computation. Eliminate NaCl between the 
two equations. We thus obtain, on reduction, 

KCl - 4*630w; - 7*633?^; and NaCl = - KCl 

by substituting the value of KCl so obtained, in the first equation. The con- 
version of the amounts of the two chlorides so obtained into the equivalent 
oxides is effected in the usual manner, namely: — 

Amount of KCl x 0*6317 = Amount of KgO 
Amount of NaCl x 0*5302 = Amount of Na20 

This method does not give good results with the small amounts of alkalies 
found in clays, unless very special care be taken to ensure the absence of 
magnesium and other metallic chlorides. Collier ^ obtained quite satisfactory 
results with mixtures of pure salts; for instance: — 

Table XXXV. — Test Analyses — Indirect Separation of Potassium 
and Soduifn Chlorides. 


Taken. 

Found. 

Chlorine. 

_ _ 

KCl. 

NaCl. 

KCl. 

NaCl. 

Found. 

Calculated. 

00582 


0*0573 

0*0009 

0*0278 

0*0277 

01284 

Oo667 

0*1284 

0*0067 

0 0651 

0*0651 

00967 

00102 

0*0967 

00102 

0*0522 

0 0522 

0 0782 

0 0317 

0*0783 

0*0316 

0*0564 

0*0564 

0 0305 

00379 

00:104 

0*0380 

0*0375 

0*0375 

00101 

0*1029 

0*0104 

0*1026 

0*0672 

0*0672 

0*0065 

0*1100 

0*0058 

0*1107 

0*0699 

0*0698 


0*0590 

1 

0*0605 

0*0360 

0*0358 


^ The method for the mixed sulphates is quite similar in principle. 

• P. Collier, Amer, J. Science ^ (2), 37, 344, 1865; Chem. News, xo, 182, 1864; F. M. Lyte, 
ib.f 29, 169, 1874; E. Fleischer, ib., 19, 266, 300, 1869; F. Mohr, Lehrbuch der Titriermethode, 
Braunschweig, 364, 1869; Zeit. anal. Chem., 7, 173, 1868; M. Kretschy, ib., 15, 37, 1876; 
H. Schif!, Leibig's Ann., X05, 219, 1868; T. Thomson, ib., 20, 205, 1836; K. List, ib., Si, 117, 
1862; S, Panpushka, Joum. Russ. Phys. Chem. Soc., 19, 106, 1887; ZeiU anal. Chem., 
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According to Virgili, the relative errors involved in the indirect processes for 
sodium and potassium salts are those indicated in Table XXXVI., on the 
assumption that pure salts are being treated. 


Table XXXV L — Relative Errors in Indirect Processes for the Determination 

of Soda and Potash. 





Relative error. 

Determination. 


Mixture contains 

Sodium salt. 

Potassium salt. 

Total chlorine in the mixed j 


NaCl : KCl 

NaCl 1 0018 

KCl ^ 0*014 

chlorides 1 

i 

NaCl : lOKCl 

NaCl i. 01 02 

KCl i 0 *(K )8 

Conversion chlorides into 1 

1 

NaCI : KCI 

NaCl 1 0021 

KCl .£ 0*017 

sulphates | 

L 

NaCl : 10K(^1 

1 NaCl i 0118 

KCl i 0*010 

Total SO^ in the mixed J 

r 

Na 28()4 : K2S()4 

NagSO^ I 0-021 

K 2 SO 4 L 0*017 

sulphates ] 

1 

NagSO^ : lOKaSO^ 

NagSO^ 1 0*118 

1 

K2SO4 { 0*010 


To illustrate the effect of impurities on the determination, suppose a mixture 
of potassium chloride, 0*200 grm., and sodium chloride, 0*020 grm., has 0*002 
grm. of magnesium chloride as impurity, the calculated potassium and sodium 
chlorides (supposing that there are no analytical errors) will be respectively 
0*190 grm. potassium chloride and 0*027 grm. sodium chloride, in place of 0*200 
grm. and 0*020 grm. respectively. Suppose further that a similar mixture of 
potassium and sodium chlorides has 0*002 grm. of an inert impurity, say 0*002 
grm. of magnesia. Then, under the above conditions, 0*206 grm. of potassium 
chloride and 0*016 grm. of sodium chloride would be obtained, in place of 0*200 
grm. and 0*020 grm. respectively. 

This all means that the indirect process ivill give exact results with large or small 
amounts of the mixed chlorides only when no impurity is present. Hence, when 
there are no means of establishing the purity of the mixture, and when the 
alkalies appear at the end of a long series of separations^ the method tvill not be 
very reliable^ since the method of calculation multiplies a small trace of impurity 
into a relatively large error. Some consider that the errors by the indirect 
process are less than the experimental errors by the direct process {e.g. Rose). 
This is probably the truth about the method with the limitations just stated,^ 


27 , 160, 1888; L. W. Winkler, Chem. Ztg., 24 , 816, 1900; G. Errera, Oazz. Chim. Itat., 18 , 
244, 1889; E. K. Landris, Journ. Amer. Chem. Soc., 17 , 466, 1895; 18 , 132, 1896; G. Werther, 
Joutn. prakt. Chem., (1), 91 , 324, 1864; J. J. Berzelius, De V Analyse des Corps Inorganiques, 
Paris, 1827; J. P. Wuite, Chem. Weekblad, 4 , 19, 1907; F. Walker, Joum. Ch^m, Soc., 
123 , 2336, 1923; W. W. Fischer, Analyst, 27 , 137, 1903; F. H. McCrudden and C. S. Sargent, 
Joum. Biol. Chem., 53 , 235, 1918. A. J. Sofianopoulos (Bull. Soc.. chim., (4), 5 , 632, 1909) 
converts the mixed chlorides into fluorides. The process has not been thoroughly tested in 
general work. B. A. Shippy and G. H. Burrows (Journ. Amer. Chem. Soc., 40 , 185, 1918) 
estimate the potassium and sodium from the refractive index of the solution. For a polaro- 
graphic method of determination, see J. Heyrovsky, Mikrochem., 12 , 26, 1932; V. Majer, 
Zeit. anal. Chem., 92 , 321, 1933; Chim. et Ind., Special No., 211, 1933. 

' R. Fresenius, Ardeitung zur quantitativen chemischen Analyse, Braunschweig, 441, 1863; 
H. Rose, Handbuch der analytischen Cherniy, Braunschweig, 2 , 17, 1871. R. Bunsen (Zdt. 
anal. Chem., 10 , 400, 1871) considers the indirect process a useful means of controlling the 
results by the direct process. J. Dennant (Rep. Australasian Assoc,, 2 , 385, 1890) objects. 
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§ 105. A General Study of Indirect Separations. 

An indirect separation seems rather an attractive and speedy method of 
resolving the bases in a mixture, and it is not immediately apparent why the 
principle is not more extensively applied for determining, say, potash and 
soda; cobalt and nickel ; lime and magnesia; lime and strontia. It is there- 
fore necessary to study the principle in more detail. The problem may be 
stated in general terms: — 

Given a mixture of two salts with different bases and one acid, or with different 
acids and one base, to find the amount of each constituent. — Let the salts have the 
general formula) MA and NA; ^ and further, let the total weight of the mixture 
be w, and the weight of the common constituent u. It is required to find the 
weights of M and N in the mixture. For convenience, let x denote the weight 
of M and y the weight of N in a weight, w, of the mixture. Let a denote the 
weight of A in the salt MA, and b the weight of A in the salt NA, in the same 
quantity, w, of the mixture. Hence it follows: 

(ic + a) + (y -f 6) = w?; and a-k-b = u 

Further, it follows from the laws of chemical combination that a : x== A : M, 
and b : y — A : N, where A, M and N now denote the equivalent weights of 
the respective constituents represented by the letters. Then, 

A ^ _A 

X M* y N 

These four equations suffice f(ir the algebraic solution of the four unknowns — 
X, y, a, and b — from the given data. Solving these equations in the usual 
manner, we get 




which corresponds with equation (2) (p. 221). 
we get 

x-\-y — w-\i 


Solving this equation for y, and substituting 
we get 


M u(N + A)-wA 


and y 


From the first pair of equations, 

• ( 4 ) 

the result in the first equation, 


N u(M + A}-wA 

A ‘ 


The last equation is not needed in the actual arithmetic, because it is easier to 
calculate y from the values of x, w and u in equation (4). These equations (5) 
generalise the method used on page 221 in solving a particular problem. 

Conditions for Success, — Let us interpret the equations further. It is easy 
to see that if u{N 4- - wA ^0, x must be zero, and 

w _ A 
w N -^A 


This means that if, in the analysis of a mixture of, say, 
we get a relation such that 

u 35>5 35-5 

w;"” 23 + 35*5 58’5 


the alkali chlorides, 


no potassium chloride is present. 

^ If A be bivalent, and M or N univalent, say, M^A and N,A, then we write M' = 2M in 
place of M; and conversely, if A be univalent, and N or M bivalent, so that the salts are MA]| 
and NA,, we write A' = 2A in place of A. Jn the first case, M', N' and A are chemically 
equivalent, and in the second case M, N and A' are chemically equivalent. 
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If M be less than N in magnitude, then u{N + A) must be greater than uA, 
since, if f/A were the greater, x would be negative, and negative values of x are 
impossible. Consequently, we have 

ti A 

w^'iT+A 

Every addition of KCI to NaCl makes the ratio u : ir greater than A : N + A; or 
greater than 35-5 : 58*5. 

When ilf = as is nearly the case with a mixture of cobalt and nickel salts, 
the indirect analysis is impossible because M N will then be zero, and 
equations (5) cannot be solved. 

By rearranging the first of equations (5), and expressing the percentage 
amount of x in a mixture weighing w grams, we have 

lOOM ^l(N + A)-wAl , 

'A(N- M)^ . J per cent, of M 

We see at a glance that the factor on the left is constant for a particular 
pair of salts, and that the greater the value of this factor, the greater the 
influence of errors in the determination of u and w on the final result. With 
a mixture of potassium and sodium chlorides, the factor is 4*04; with magnes- 
ium and calcium sulphates, 3-12; and with nickel and cobalt sulphates, 244. 
It is thus easy to see, other things being equal, that a mixture of magnesium 
and calcium sulphates can be estimated more accurately than a mixture of 
potassium and sodium chlorides, while the indirect sejairation of nickel and 
cobalt sulphates is hopeless, because the errors in the determination are 
multiplied enormously. Hence, other things being equal, the calculated 
values of x and y will be the more accurate — 

(1) The smaller the numerical values of the equivalent weights of the 

constituents M and N ; 

(2) The greater the difference between the equivalent weights of the con- 

stituents M and N ; 

(3) The greater the equivalent weight of the single constituent A ; and 

(4) The nearer the ratio of the weights u : w to the ratio of the equivalent 

weights M : 


§ 106. The Separation of Potassium as Potassium Perchlorate. 

In place of the preceding process, it is usual to determine the potassium 
chloride separately and subtract this from the weight of the mixed chlorides. 
The remainder, viz. the weight of the sodium chloride, is multiplied by 0*5302 
to get the equivalent amount of sodium oxide. The process of separation 
which now holds the field, depends upon the conversion of the mixed chlorides 
into perchlorates by evaporation with a solution of perchloric acid. 

Potassium perchlorate is practically insoluble in concentrated alcoholic 
solutions, while sodium, barium and magnesium perchlorates are soluble under 
the same conditions. In 1831, Serullas ^ proposed a method for the determina- 
tion of potassium based on this property, but owing to the difficulty in getting 
pure perchloric acid at that time, and to some mistaken ideas on the properties 

^ When the errors in the determination of u and w are the same. For a more exact study 
of the relations between the calculated values of x and y and the experimental errors in the 
determination of u and w, see J. W. Mellor, Higher McUhematics, London, 539, 1926; and 
for a discussion on the indirect methods of analysis, see J. Foges y Virgili, Die indirekten 
Methoden der arudytischm Chemie^ Stuttgart, 1911. 

* M. S 6 rullas, Ann. Chim. Phye., (2), 46 , 294, 1831. 
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of perchloric acid, S^rullas’ proposal did not get the attention it deserved. 
Pure solutions of perchloric acid can now be easily obtained in commerce, the 
principal sources of error have been investigated ^ and the method gives results 
superior to the hydrochloroplatinic process, and this in less time with the use 
of less ex[)ensive reagents. The greater simplicity of the process also renders 
it less liable to error when once the manipulation is mastered. The details of 
the method used in the separation are as follows: - 

The Process. Dissolve the mixed chlorides*^ in from 10 to 15 c.c. of hot 
water, and then add two or three times as much perchloric acid as is theoreti- 
cally required to foriii the mixed perchlorates.^ Evaj)orate the mixture, in 
an atmosphere free from ammonia fumes, on a water bath in a porcelain basin ^ 
to a syrupy liquid until fumes of })erchloric acid begin to appear; cool a little. 
Take uj) the mass with hot water and add 5 to 6 c.c. of perchloric acid. Re- 
eva])orate until the fumes of perchloric acid again begin to appear.^ The 
object of this treatment is to remove the hydrochloric acid and to ensure the 

^ T. Schloesin^, (\mtpf. 73, 1269, 1871,* K. Kraut, anaL Chmi.^ 14, J52» 

]87/>; A. BortniiKl, Manit. Scient.^ (3), 2, 961, 1881; L. (Irandeau, Traite (Vanalyse des 
matieres afjrico/cs^ Parts, i, 419, 1897; 1>. A. Kreider, ('hem. AVw?.v, 73, 8, 17, 1896; 72, 241, 
2r>l, 261, 189;*); Zeit. ana/. Chem.^ 9, .‘143, 1870: ,1. K. Breckeiiridf^e, Zeit. anorg. 

13, 161, 1897; Vhem. 74, 227, 1896; F. S. Shiver, ih., 79, 269, 281, 1899; Journ. 

Anier. (Jhnv. Soc.^ 21, 33, 1899; R. Caspari, Zeil. angevr. (Jhem.y 6, 68, 1893; ZeAt. anal. 
Chem.^ 36, 709, 1897; S(*heuk(*, Landw. Ver. JSfat.. 47, 36, 1896; C. Aumaim, ib., 60, 231, 
1901 ; A. Striyel and .1. Dodt, /6., 78, 179, 1912; V. Sehenke and P. Kruger, /6., 67, 145, 1907; 
W, VVense, Zeit, angew, ('hew.y 4, 091, 1891; 5, 233, 1892; H. Kolbe, Joura. prakt. (Jhem., 
(2), 5, 93, 1872; F, Hamel, ('hem. AVicj^, 26, 27, 1872; H. Precht, International Cong. App. 
(Aiem., 7, i, 146, 1909: G. Suit, Min. Kng. Worlds 36, 605, 1912; \V. A. Davis, Chem.. Worlds 

I, 219, 1912: Journ. Agrie. Soc.^ 5, 58, 1912; Jonrn. (^hem. AVx’., 107, 1678, 1915; C. S. Piper, 
Proc. Anntral. Chem. Jnnt.y 4, 18, 1937; A. \’ityn, Zhur. Optyn. Agron.^ 13, 192, 1913; 
F. Montanari, St(tz. Experim. Agrar. Ital., 33, 454, 19(K1: C. vSchoIl, Jonrn. Amer. Chem. Soc.^ 36, 
2085, 1914; G. P. Baxter and M. Kobavashi, ib.. 39, 249, 1917; 42, 735, 1920; G. P. Baxter 
and F. E. Rupert, ib., 42, 2046, 1920;* G. F. Smith, ib., 45, 2072, 1923; G. F. Smith and 
»I. F. Rosh, ib.f 47, 774, i020, 1925; G. F. Smith and A. C. Sheard, ib.y 54, 1722, 1932; G. F. 
Smith and J. b. Gring, /5., 55, 3957, 1933; R. G. Thin and A. C. Cuming, Journ. Chem. Soc.^ 
107, 361, 1915; F. S. Hawkins and .1. R. Partington, /5., 1397, 1927; B. Schulze, Landw. 
VersuchS‘Stat., 88, 397, 1916; G. Hager and 3. Kern, ib., 87, 365, 1915; T. D. Jarrell, Journ. 
Assoc. Off. Agric. ('hern,, l, 29, 1915; F. Pilz, Zeit. landw. Ver.-wesen Oester., 18, 77, 1915; 
F. A. Gooch and G. R. Blake, Awrr. Journ. Sri., (4), 44, :i8l, 1917; D. U. Hill, ib., (4), 40, 
75, 1915; S. B. Kurizian, Proc. Iowa Acad. Sci., 24, 547, 1917; R. L. Morris, Analyst, 45, 
349, 1920; 48, 250, 1923; H. Atkinson, ib., 46, 354, 1921; S. J. Watson, ib., 47, 285, 1922; 

J. J. Morgan, Journ. Ind, Eng. Chew., 13, 225, 1921; M. M. Green, ib., 15, 163, 1923; M. 
Gorski, Przcmysl (Jhem., 6, 311, 1922; W. Slrecker and A. Jungck, Zeit. anal. Chem., 63, 
161, 1923: A. Vurtheim, Chem. Weelcb., 22, 138, 1925; J. H. Yoe, Ann. Chim. anal., (2), 
7, 193, 1925; A. T. Dalsgaard, JJansk. Tids. P'arm., 2, 257, 1928; H. B. van Valkeiiburgh 
and W. B. McDaniels, Journ. (bjlo.-Wyo. Acad. Sci., i, 44, 1930; J. d’Ans and Th. Kana- 
kowsky, Angew. Chem., 47, 583, 1934; T. Kato, Journ. Electrockem. Assew. Jajran, 3, 276, 
1935. For a bibliography on the determination of potassium, see S. N. Rozanov, KaliK 
(U.S.S.K.), 4, 27, 1933. 

* Freed from sulphates by evaporation with a solution of barium hydroxide — W. A. 
Davis, Journ. (Jhem. Soc., 107, 1678, 1915. 

* The amount is calculated as follows; Assume that the mixed chlorides are all sodium 
chloride, and that the perchloric acid used is 20 per cent. (sp. gr. 1-12) solution. Multiply the 
weight of the mixed chlorides by 9, and the product represents the number of cubic centimetres 
of acid theoretically required for the work. Perchloric acid of approximately 60 per cent, 
strength has a specihe gravity of 1*54 ; 30 per cent., 1*20; and 20 per cent., 112. There is no 
difhe^ty about keeping the acid. It is not decomposed by hydrochloric or by sulphurous 
acid. The acid slowly volatilises at 138° without decomposition. It is not affected by 
exposure to light. The strength of the acid is easily determined by titration of a known 
amount with standard sodium hydroxide with phenolphthalein as indicator. 

* Perchloric acid has a distinct solvent action on glass — F. A. Gooch and G. R. Blake, 
Amer. Journ, Sci„ (4), 381, 1917. 

* Some prefer to evaporate to dryness at this stage. 
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complete conversion of the chlorides into perchlorates. This is important. 
Stir the cold mass with about 20 c.c. of alcohol wash liquor.^ Keep the 
potassium perchlorate as coarsely granular as possible. Let settle.^ Decant 
through a dried and weighed Gooch crucible. Wash the residue by decanta- 
tion through the Gooch crucible three times. About 20 c.c. of the wash 
liquor will be needed for the washing. Transfer the precipitate to the Gooch 
crucible by means of the wash liquor.® Some prefer to wash the residue at this 
stage with 20 c.c. of a mixture of equal parts of 97 per cent, alcohol and ether. 
Dry the precipitate at 120° to 130° for about half an hour,^ and then weigh as 
KCIO4.S 

Calculatlo7is. — Assume that 0*5 grm. of clay has been treated by Smith’s 
process and that 0-0243 grm. of the mixed chlorides has been obtained. 

Crucible and perchlorate . . . . . 6-7223 grms. 

Empty crucible ....... 6-6951 grins. 

Potassium perchlorate .... 0-0272 grm. 

Multiply the weight of the potassium perchlorate by 0*5381 in order to find the 
equivalent amount of potassium chloride. Hence 

0-0272 X 0*5381 ==0*0146 grm. of potassium chloride 

Multiply the weight of the potassium perchlorate by 0-33992 in order to find the 
equivalent amount of potassium oxide — KgO. Hence 

0*0272 X 0*34 = 0-0092, or 1*84 per cent, of KgO 

Subtract the weight of the potassium chloride from ihe weight of the mixed 
chlorides, and the result represents the weight of the sodium chloride. 

Mixed chlorides ....... 0-0243 grm. 

Potassium chloride ...... 0*0146 grin. 

Sodium chloride ...... 0-0097 grm. 

Multiply the weight of the sodium chloride by 0*5302 in order to find the 
equivalent amount of sodium oxide — NagO. Thus 

0-0097 X 0-530 = 0-0052; or 1-04 per cent. NagO 

The Results. — The perchlorate process does its work fairly well in the 
presence of sulphates. Consequently it is not always necessary to remove the 
sulphates by means of barium chloride (page 219). Thus, with a mixture of 
potassium chloride and sulphate containing the equivalent of 0-0307 KgO, 
Davis found 

KgO . . . 0-0305; 0-0312; 0-0305 ; 0-0306; 0-0307; 

and with 0*1 grm. K2SO4 containing 0-0541 grm. KgO, Davis obtained 0-0536 
and 0-0536 grm. KgO. Quite correct results were also obtained with potassium 
chloride mixed with twice its own weight of sodium chloride, sodium phosphate, 

^ Alcohol Wash Liquor. — 970 c.c. of absolute alcohol, 10 c.c. of perchloric acid (sp. gr. 
1*12) and 20 c.c. of water. This solution contains 0*25 per cent, by weight of perchloric acid. 

* The addition of a drop of other aids filtration — E. Murmann, Oeater. Uhem. Ztg., 13, 
227, 1910. 

^ A few drops of the filtrate, evaporated to dryness on platinum foil, should show no 
residue. There is a slight loss due to solution of the potassium perchlorate in the wash 
liquor. This, R. G. Thin and A. G. Gumming (Journ. Vhem. 80 c,, 107, 361, 1916) propose 
to overcome by the use of a wash liquor consisting of 95 per cent, alcohol, freshly saturated 
with potassium perchlorate. 

* Potassium perchlorate does not decompose below 400'^. 

® For the recoveiy of perchloric acid from the residues, see A. Viirtheim, Chem. Weekbl<fd, 
14, 986, 1917, but beware of explosions — E. Deiss, Zeit afml. Chem., S07, 8, 1936. 
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calcium chloride, or barium chloride. If phosphoric acid be present,^ a larger 
excess of perchloric acid is needed for the precipitation. Small amounts 
of magnesia do no particular harm, provided it is not present as sulphate when 
the precipitation is made; large amounts of magnesium salts give high results, 
and they must accordingly be first removed.^ Ammonium salts, if present, 
should be removed by boiling with sodium hydroxide, owing to the sparing 
solubility of ammonium perchlorate. 

Tollert ^ has proposed the use of perrhenic acid, HRe 04 , in place of per- 
chloric acid. The method is analogous to the perchlorate process, but the 
advantages claimed are: (1) less reagent is needed, (2) perrhenic acid is non- 
volatile, (3) the molecular weight of the salt (289’41) is advantageous. The 
rhenium is recovered by reduction in hydrogen. 

Various chemists ^ have advocated the separation of potassium from 
sodium as potassium hydrogen tartrate, which is weighed as such or deter- 
mined volumetrically. 

§ 107. The Properties of Sodium and Potassium Chloroplatinates. 

This process of separation depends upon the facts: (1) that a mixture of 
sodium and potassium chlorides in contact with a solution of hydrochloro- 
platinic acid — HaPtCl^-- forms both sodium and potassium chloroplatinates; ® 
and (2) there is a marked difference in the solubility of the two salts in alcoholic 
solution.® 

Solubilities of Sodium and Potassium Chloroplatinates in Alcoholic Solutions, 
--■ Both sodium and potassium chloroplatinates are appreciably soluble in 
water. The solubilities of sodium and potassium chloro])latinate8 in different 
])ro})ortion8 of ethyl and methyl alcohols and water are indicated by the graphs, 
figs. 76, 77.'^ These results show that the greater the concentration of the 
alcohol, the less the solubility of the chloroplatinate, and that the potassium 
salt is less soluble in ethyl than in methyl alcohol. 

Different investigators have different ideas as to the best strength of the 
alcoholic solution, and we find numbers ranging from 70 to 100 per cent. 

^ For flic dctorminatioii of potassium oxide in the presence of an excess of phosphoric 
acid, set? 0. M. Bible, hid. Kmj. Chem. Aual. Ed., 4 , 234, 1932. 

* For the deterrainalioii in the preseneo of large amounts of sodixim and magnesium 
salts, see A. H. Btuineti, Anatyjif, 41 , 165, 1916; Chern. Trade Jvurn., 61 , 553, 19i7; and 
in the presence of iodides, F. S. Hawkins and J. K. Partington, Journ. Chem. Soc., 1397, 1927, 

* H. Tollert, Nutarvdm., 18 , 849, 1930; Zeit. anorg. allgem. Chem., 204 , 140, 1932. 

* A. Bayer, Chem. Ztg., 17 , 686 , 1893; F. Marshall, ib., 38 , 585, 615, 1914; K. Okada, 
Mem, Coll, Sci. Kyoto, i, 89, 1914; H. Bokeniiiller, Chem. Zentr., (2), 764, 1918; G. Ajon, 
Oiom. Chim. Ind. Appl., 2 , 422, 1920; St. Minovici and C. Kollo, Jiul. JSoc. chim. Romdnia, 
3 , 17, 1921 ; R. Meurice, Ann. Chim. anul. Chim. appl., (2), 7 , 161 , 1925; 8, 129, 1926; Touaritske 
and Slezak, Zhur. Sakhar. Prom., 2 , 402, 1928; L. Clarke and J. M. Davidson, hul, Eng, 
Chem. Anal. Ed., 3 , 324, 1931; E. Borschc, Mitt. Kali-Forschungmnst., 61, 1920; Chem, 
Zentr., (1), 149, 1927; Kali, 14 , 275, 303, 358, 374, 1920; Y. 1. Chernyaeva and R. V. Kras- 
novskaya, Jonm. Chem. Ind. {Moscow), lo, No. 10 , 57, 1933; J. Kunz, Helv. Chim. Acta, 
x 6 j 259, 1933; K. Scheringa, Chem. Weekb., 30 , 598, 1933; W. Daubner, Angew. Chem., 
49 , 830, 1936. For the determination of potassium with dipicrylamine (hexanitrodiphenyl- 
amine), see A. Winkel and H. Maas, Angew. Chem., 49 , 827, 1936; for a micro- (colorimetric) 
process as piorate, see E. R. Caley, Joum. Amer. Chem. 80 c., 53 , 539, 1931. 

* Also called platinichlorides, not platinochlorides. 

« It is assumed that the chloroplatinic acid is free from impurities, e.g. nitrosylplatinic 
chloride (page 235). According to A. A. Knox {Pot. Oaz., 38 , 1392, 1913), R. R. Tatlock 
calls the purity of the platinum salt “the keystone of the process."’ 

f M. P^ligot, Monit. Scient., (4), 6 , 872, 1892; H. Precht, Chem. Ztg., 20 , 209, 1896; 
R. Bunsen and G. Kirehhoff, Pogg. Ann., 113 , 337, 1861; E. H. Archibald, W. G. Wilcox 
and B. G. Buckley, Joum. Amer. Chem. Soc., 30 , 747, 1908. 
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alcohol^ recommended for the washing. If we were guided only by the 
solubility, we should recommend the use of absolute alcohol. But the Ver- 



Fi(3. 7<i. — P otassium C'hloroplatinate 
(Archibald, Wilcox and Buckley). 



Fio. 77. — Sodium (Miloroplatinatc* 
(Polif-ot). 


suchstationen at Halle and Darmstadt ^ have shown that alcohol of greater 
concentration than 96 ])er cent, gives too high results. 

Decoinpofiition of Sodium Ch1orophdi?iate by Concentrated Alcoholic Solutions. 
— Morozewicz ^ claims to have traced the high results with concentrated 
alcohol to the decomposition of part of the sodium chloroplatinate, by alcohol 
of greater concentration than 90 per cent., into sodium chloride ^ and soluble 
platinic. chloride; and a three- or four-fold excess of the hydrochloroplatinic acid 
is needed to prevent the dissociation of the sodium chloroplatinate. The 
presence of the insoluble cubic crystals of sodium chloride intermixed with the 
potassium chloroplatinate is supposed to explain the high results obtained when 
the alcohol used for the washing is too concentrated. There is no danger of the 


' H. Precht (Zvit. anal. Cliern., 18, 509, 1879; H. Precht, H. V'ogel and H. Haefckc, 
Landw. Vcr. Staf., 47, 97, 1896) recommends absolute alcohol. K. Finkener Ann.., 129, 

637, 1860) and I). Lindo {Chem. Netv,i, 44, 77, 86, 97, 129, 1881), 98 per cent, alcohol; the 
Stassfurtcr Kaliindustrie, 96 to UK) per cent.; B. Bjollema {Chem. Ztg., 21, 739, 1897), 90 
cent, alcohol; and A. Atterb<*rg (Zeif. anal. Chetn., 36, 314, 1897; Chem. Zlg., 22 , 523, 5.38, 
1898), 80 per cent, alcohol. H. Fresenius {Chew. Ztg., 34, 1032, 1910) states that 70 per cent, 
alcohol gives too low results, 85 per cent, too high; and 80 jier cent, alcohol gives correct 
results. According to H. C. Moore and R. I). Caldwell {Journ. Ind. Eng. Chem., 12, 1188, 
1920), 80 jwr cent, alcohol gives low results. 

2 Lajtdw. Ver. Stal.^ 45, 374, 1894; 46, 181, 1895. For the reduction of chloroplatinates, 
due to the presence of traces of acetaldehyde in the ahiohol used, see C. G. Makris, Journ. 
Pharrn. Chim., (8), 13, 569, 1931; H. Strebinger and II. Holzer, ZeU. anal. Chtm., 90, 81, 1932. 

® J. Morozewicz, Ber.. Acad. Sciences Cracovie, 796, 1906. F. P. Treadwell {Knrzes Lehrbuch 
der analytischen Chemie, Ijtdpzig, 2, 38, 1911) docs not think that the sodium chloroplatinate 
is decomposed in the manner stated by Morozewicz. W. A. Davis (Chem. World, i, 219, 1912) 
agrees with Morozewicz. 

^ F. Rdttger and H. Precht (Ber., i8, 2076, 1885) show that, at 15°, 100 grms. of alcohol 
dissolve the following amounts of sodium and potassium chlorides : — 

Alcohol 90 92*5 95 per cent. 

Sodium chloride .... 0*345 0*223 0*146 grm. 

Potassium chloride .... 0*073 0*043 0*028 grm. 

Compare D. McIntosh, Journ. Phys. Chem., 7, 350, 1903; C. A, L. de Bruyn, Zeit. phye. 
Chem., 10, 782, 1892; P. Kohland, Zeit. anorg, Chem., i8, 327, 1898. 


THE DETERMINATION OF THE ALKALIES. 


229 

formation of sodium chloride with 80 per cent, alcohol, but another danger 
arises, owing to the solubility of the potassium chloroplatinate in the alcohol.^ 
This means that 0-0001 grm. of potassium chloride, or 0-000063 grni. of 
potassium oxide, must be added to the final result for every 10 c.c. of 80 per 
cent, alcohol which comes in contact with the precipitate. ^ As a rule, less than 
50 c.c. of the alcoholic solution are used in clay analyses, and in consequence 
the solubility correction may usually be neglected.^ 

Effect of the Concentration of the Solution on Precijntated Potassimn Ckloro- 
platinate. — Wc now inquire: should the hydrochloroplatinic acid be added to a 
concentrated or to a dilute solution of the two chlorides? Fresenius^ recom- 
mends a concentrated solution. In this case, a fine ])ulverulent precipitate is 
formed, which appears under the microscope to be a mixture of stellate groups 
of crystals with a few octahedral crystals. If the hydrochloroj)latinic acid 
be added to a dilute solution, subsequently eva])orated down, the crystals 
are mainly octahedral. In both cases the crystals belong to the cubic system. 
Those formed in concentr«ated solution appear to be octahedra distorted into 
rod-like crystals. The crystals formed in concentrated solution also contain a 
relatively large number of cavities, which enclose minute globules of the mother 
liquid, while the octahedral crystals contain, as a rule, comparatively few 
inclusions. These facts are rather important. The crystals with the liquid 
inclusions must give high results, since the resulting precipitate contains 
potassium chloroplatinate plus mother liquid. The crystals (*an be more or less 
perfectly dried, but the result will then still be high, presumably owing to the 
residue left on evaporation of the liquid to dryness. Difficulties are also 
encountered in drying the potassium chloroplatinate formed in concentrated 
solutions. This is exemplified by the following experiment, due to Winton.^ 
In one case, a mixture of 1-018 grms. of potassium chloride and 0-541 grm. of 
sodium chloride was made up to 100 c.c.; and in another cavso, a mixture of 
13*063 grms. of potassium chloride and 0-541 grm. of sodium chloride was also 
made up to 100 c.c. Corresponding volumes were treated with hydrochloro- 
platinic acid. The resulting precipitates were treated in the same way, and 
their weights, after drying for the periods and at the temperatures stated in 
Table XXX VJ I., are shown therein. 


^ According to l^^ligot, the solubility of the potassium chloroplatinate is rather less in 
methyl alcohol (but see fig. 76), and, in consequence, some recommend the use of methyl 
alcohol in place of ordinary ethyl alcohol. P. Rohland {Zeit. anorg. Chem.^ 15, 412, 1897; 
l6, 306, 1898; ZjpU. anal. Chem.^ 49, 358, 1910) points out that methyl alcohol has additional 
advantages. If the precipitation be made in the presence of barium chloride, the barium 
chloroplatinate is liable to decompose into barium chloride and platinic chloride. The 
former is fairly soluble in methyl alcohol (78 parts of absolute methyl alcohol, at 15'', dissolve 
1 part of barium chloride), and practically insoluble in ethyl alcohol even at 80 per cent, 
concentration. After washing in methyl alcohol Rohland ftnishes off by washing with ether. 
The potassium chloroplatinate is less soluble in a mixture of alcohol and ether than in alcohol 
alone, and R. Finkcncr (/.c.) recommends a mixture of absolute alcohol and ether in the pro- 
portions 2.-1, while B. C. Coren winder and G. Contaraine {Compt. rend.^ 89, 907, 1879) re- 
commend a mixture of 95 per cent, alcohol with ether in the proportions 9:1: and H. N. 
Warren {Ohem. News^ 75, 256, 1897) recommends a mixture of amyl alcohol and ether. 
G. Meillidre (Jovrn. Phnrvi. Chim., (7), 7, 281, 1913) uses acetone, which is said to obviate 
the inclusion of sodium. 

* The volume is easily measured if the ffltration be conducted in a Gooch crucible in a 
Witt’s filtration jar, containing a measuring cylinder. The measurement, however, need be 
only approximate. 

* H. Fresenius and P. H. M. P. Brinton, Zeit. anal. Chern., 50, 21, 1911; F. Marshall, 
Chem. Zig., 38, 585, 615, 1914. 

* R. Fresenius, Zeit. anal. Chem., 16, 63, 1877; 21, 234, 1882. 

* A. L. Winton, Journ. Amer. Chem. 80 c., 17, 463, 1895; R. Ruer, Chem. Zig., 20, 270, 
1896; r. T. B. Dupt^, (6., 30, 306, 1896. 
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The Drying of Potassium Chloroplatinate, — Obviously, a more protracted 
drying at a relatively high temperature is needed to dehydrate crystals formed 
in a concentrated solution, than when the crystals are formed in a dilute 
solution. This result also explains how different investigators have made 
different recommendations at this stage of the analysis. Fresenius, for 
example, says that 30 hours at 130° are needed, while Eggertz and Nilson say 
that from 10 minutes to 4 hours suffice.^ 

Table XXXVIL — Effect of Drying Potassium Chloroplatinate precipitated 
in Dilute and in Concentrated Solutions. 


Temperature 

j 

' Hours 

drying. 

Precipitated 

Precipitated in 

of oven. 

in dilute 

concent rated 

°C. 

solution. 

solution. 

100 

2 

99-57 

100-22 

1(X) 

8 

99-57 

UK)-03 

100 

14 

I 99-57 

99-95 

100 

1 20 

99-56 

99-93 j 

130 

26 

99-56 

99-80 

130 

38 

99-55 

99-70 

! 130 1 

66 

99-55 

99-67 

i 160 

84 

99-52 

99-56 

1 160 i 

102 j 

99-51 

99-50 


The '"Atomic Weight'^ of the Platinum, in Potassium Chloroplatinate. -The 
older analysts used the number 197 for the atomic weight of j)latinum, whereas 
the current (1938) value is 195*23. The former number gives the factor 
0*3056 for converting the weight of the potassium chloroplatinate into potassium 
chloride, while the later number gives the factor 0*3067. The ‘'wrong*' 
number apparently gives a result nearer the truth, ^ unless certain modifications 
be made in the conduct of the analysis (page 247). 

The Transformation of Potassium Chloroplatinate into Metal before Weighing. 
— Owing to possible errors arising from the contamination * of the potassium 
chloroplatinate when precipitated in contact with barium chloride, as is 
necessary in some special cases, some reduce ^ the chloroplatinate to metal, 


^ R. Fresenius, l.c.\ C. G, Eggertz and L. F. Nilson, Konigh Land. Akad. Hand, Tids.* 
35, 326, 1898; G. Krause, Archiv Pharm., (3), 2, 407, 1874. 

* See A. Viirtheim {Chem. Weekhlady 17, 637, 1920) for the composition of potassium 
chloroplatinate. M. McCurdy {Pntc. Tram. Nom. Scot. Imt. ScL, i6f 142, 1927) ignites the 
separated potassium chloroplatinate at a high temperature and from the weight of platinum 
calculates the weight of potassium oxide. See also Horsch, Gompt. rend., 168, 167, 1919. 

* A. Atterberg, Chem. Ztg., 21, 261, 1897; Zeit. anal. Chem., 36, 214, 1897; L. Tietjens 
and Apel, ib., 36, 315, 1897; A. H. Allen, B.A. Hep., 24, 1876; Chem, News, 35, 259, 268, 
1877; 36, 17, 38, 47, 1877; E. W. Hilgard, Zeit. anal. Chem., 32, 184, 1893; H. Haefcke, 
Chem. Zlg., 20, 88, 1896; A. Atterberg, ib., 20 , 131, 1896; H. Precht, ib., 20 , 209, 1896; 
A. Prager, ib., 20, 269, 1896; R. Ruer, ib., 20 , 270, 1896; E. Bauer, ib., 20, 270, 1896; F. T. B. 
Dupr6, ib., 20, 305, 1896; J. H. Vogel and H. Haefcke, Landw. Ver. Slat., 47, 97, 1896. 

* With hydrogen gas (R. Finkener, Pogg, Ann., 129, 637, 1866); zinc dust (d. Diamant, 
Chem. Ztg., 22 , 99, 1898); mercury (E, Sonstadt, Joum. Chem. Soc., 67, 984, 1895); mag- 
nesium ribbon (L. L. de Koninck, Zeit. anal. Chem., 12 , 137, 1873; 21, 406, 1^2; C. Fabre, 
Compt. rend., 122 , 1331, 1896; A. Villiers and F. Berg, Bull. Soc. chim., (3), 9, 602, 1893; 
A. Fiechter, Zeit. anal. Chem., 50, 629, 1911; R. Trnka, ib., 51, 103, 1912; A. Atterberg, ih., 
51, 483, 1912; W. B. Hicks, Joum. Ind. Eng. Chem., 5, 650, 1913; A. Roussin, BuU. Soc. 
chim., (3), 9, 602, 1893; W. N. Hartley, Chem. News, 14 , 73, 1866); mercurous chloride 
(A. Mercier, BvU. Asaoc* Belg. Chem., xo, 403, 1897); formic acid (H. N. Warren, Chem. 
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wash out the soluble salts, and multiply the weight of the metal by the necessary 
factor to get the equivalent potassium chloride or oxide. The chlorine may 
also be determined in the soluble salts by titration according to Volhard’s or 
Mohr’s process (pages 65 and 68), and the result calculated to potassium 
chloride or oxide. ^ These methods are not usually employed in silicate 
analyses. 

§ 108. The Separation of Potassium as Potassium 
Chloroplatinate. 

Precipitation of Potassium Chloroplatinate . — Treat a dilute solution of the 
mixed chlorides in a small porcelain basin wdth 0*3 c.c. more than the calculated 
amount ^ of hydrochloroplatinic acid.^ Evaporate the solution ^ to a syrupy 


News^ 75 , 256, 1897); sodium formate (R. Bottger, Zeit. anal Chem., 13 , 176, 1874; F. Jean 
and J. A. Trillat, Bull. Boc, chrm.f (3), 7 , 228, 1892; B. C. Corcnwindcir and G. Contamine, 
Compt. rend.^ 89 , 907, 1879; Wousaen, Ann. Agronom.^ 13 , 431, 1888; T. 8 teel, Analyst^ 43 , 
348, 1918); calcium formate (L. L. de Koninck, Chern. Ztg.^ 19 , 90 ], 1895); sodium oxalate 
(F. Mohr, Zeit. anal. Chem.y 12 , 137, 1873); thioacetic acid (A. Atterberg, anal. Chem., 
36 , 314, 1897; Chm. Ztg., 22 , 522, 538, 1898); soap (H. Borntrager, Zeit. anal. Chem,^ 32 , 
188, 1893). 

1 J. Diamant, Vhem. Zig., 22 , 99, 1898; A. Atterbtirg, ib., 22 , 522, 538, 1898; L. L. de 
Koninck, Zeit. anal. Chem., 35 , 72, 1896; F. Mohr, ? 6 ., 12 , 137, 1873. 

* Sufficient hydrochloroplatinic acid should be added to convert both the sodium and the 
potassium chlorides into the corresponding chloroplatinates. The solution of hydrochloro- 
platinic acid should contain 0*1 grm. of platinum per c.c. Assume that the mixed chlorides 
are all sodium chloride, multiply their weight by 17, and add 0-3 to the product. The result 
represents the number of cubic centimetres of the hydrochloroplatinic acid solution to be 
used. In the previous example (page 218), 0-0227 x 17=0-386 c.c.; and 0-386 ■^0-3=-.0-7 c.c. 
nearly. If sufficient hydrochloroplatinic acid has been added, a drop of the solution, under 
the microscope, udll show golden yellow octahedral crystals of potassium chloroplatinate 
and orange-coloured needles of sodium chloroplatinate. If colourless cubes of sodium or 
potassium chloride be present, insufficient hydrochloroplatinic acid has been added. The 
hydrochloroplatinic acid should be free from potassium and ammonium chloroplatinates. 
Potassium chloroplatinate is appreciably soluble in ammonium chloride (0-0015 grm. of 
potassium chloroplatinate di 8 .solve 8 in 10 c.c. of ammonium chloride solution). The import- 
ance of using pure hydrochloroplatinic acid has been emphasised by H. Vogel and H. Haefcke 
{Landw. Ver. Slot., 47 , 97, 1896), H. Precht {Zeit. mial. Chem.y 18 , 509, 1879), A. F. HoUeman 
(Chem. Zig.y 16 , 35, 1892), and C. R. Fresenius {Zeit. anal. Chem.y 33 , 358, 1894). S. Zuck- 
schwerdt and B. West {Zeit. anal. Chem., 20 , 185, 1881) state that potassium chloroplatinate 
is soluble in hydrochloroplatinic acid, and consequently, if too great an excess of this acid be 
present, low results will be obtained. An excess, however, must be added to ensure complete 
precipitation. The comparatively small excess usually added cannot have an appreciable 
influence, even accepting Zuckschwerdt and West's data (100 c.c. of a solution of hydro- 
chloroplatmic acid containing 7 grms. of platinum per 100 c.c. dissolve 0-3250 grm. of potas- 
sium chloroplatinat>e in 30 hours). W, Dittmar and J. McArthur {Trans. Roy. Soc. Ed in., 
33 , ii. 561, 1887; Joum. Soc. Chem. Jnd., 6 , 799, 1887; R. R. Tatlock, Chem. News, 30 , 71, 
1874; 43 , 273, 1881) state that “the precipitate of potassium chloroplatinate has a remarkable 
tendency to carry down platinum chiefly as hydroxide, if produced in the absence of a large 
excess of hydrochloroplatinic acid.” There appears to be a kind of hydrolysis in the dilute 
solution. For objections to sulphates with the “platinum chloride,” see A. F. Holleman, 
Chem. Ztg., 16, 35, 1892; B. Turkus, Ann. Chim. anal., 22 , 101 , 1917. 

* G. F. Smith and A. C. Shead {Joum. Amer. Chem. Soc., 53 , 947, 1931) separate from 
sodium and lithium by precipitating with twice recrystalliscd lithium chloroplatinate, 
Li 2 PtCl* . 6 HjO, prepared from lithium carbonate and hydrochloroplatinic acid. The same 
authors also recommend {Joum. Amer. Chem. Soc., 54 , 1722, 1932) weighing sodium and 
potassium os mixed perchlorates and then precipitating the potassium as chloroplatinate. 
By this method small amounts of potassium can be determined in the presence of relatively 
large quantities of sodium. See also G. F. Smith and J. L. Gring, Joum. Amer. Chem. 
80 c., 55. 1722, 1933. 

* Sufficient water should be present to form a clear solution when first heated on the water 
bath. 
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consistency^ on a water bath^ in an atmosphere from which ammonia fumes 
are rigorously excluded.^ Cool. The mass should form a solid cake. 



Fig. 78. — Air Bath and Thermostat. 

Filtration and Washing , — Treat the residue with a few cubic centimetres of 
an 80 per cent, solution of alcohol.^ Stir with a glass rod. Decant the liquid 


1 H. Precht, Zeit. anal. Chem., i 8 , 514, 1879. P. Kohland {Zeit. ariorg. Chnn., 15 , 412, 
1897; 16 , 806, 1898) dot^s not recommend evaporation to dryness, simjc the dehydrated 
sodium chloroplatinate is leas soluble in alcohol than the crystalline salt. G. Idex {Zeit. anal. 
Chem.f 17 , 175, 1878) recommends adding 1 to 5 c.c, of a 20 per cent, solution of glycerol to 
prevent the sodium chloroplatinate becoming too dry, since otherwise it might not be dis- 
solved. R. Fresenius, Anleitung zur qua7Uit(ttiven chemischen AnalyHe^ Braiinachweig, 2 , 
290, 1905; Eng. edit., 2 , 220, 1900; G. Meillere, Ann. Chim. anal., i 8 , 183, 1913. 

2 The final result is independent of the kind of dish (platinum or porcelain) used in the 
evaporation, the presence of a little free hydrochloric or sulphuric acid and the temperature 
of the water bath (A. L. Winton, Journ. Amer. Chem. SfX'., 17 , 453, 1895). Cases are on 
record where an insoluble platinous compound is formed by a reaction lietween the platinum 
of the dish and the salt. W. F. Hillebrand, Bull. U.B. Geal. Sur., 210, 1919, 

® For the procedure when contamination with ammonium salts occurs, see E. V. Shannon, 
Amer. Mineral., 12 , 411, 1927. 

* A. Mitscherlich {Journ. prakt. Chem., (1), 83 , 460, 1861) recommends adding the alcohol 
after the platinum salt, as indicated in the text. H. Strebinger and H. Holzer {Zeit. anal. 
Chem., 90 , 81, 1932) find that, if the alcohol contains traces of aldehyde, the procipitate 
does not correspond in composition exactly to KjEtClg. Apparently the platinum is in ^rt 
reduced to theiplatinous state and as such passes into solution, leaving insoluble potassium 
chloride behind. 



THE DETERMINATION OF THE ALKALIES. 


233 

through a dry (130°), weighed Gooch crucible. Treat the mass again with 80 per 
cent, alcohol and decant. Repeat the decantations with 80 per cent, alcohol 
until the alcohol running through the crucible is colourless and the precipitate 
appears golden yellow, not orange yellow. Transfer the precipitate to the 
Gooch crucible^ by the aid of a “policeman.” Wash with 80 per cent, alcohol 
by half filling the crucible about six times. 

Drymg the Prec/i pit ate , off the alcohol, ^ and dry the precipitate at 
ISO"" to a constant weight in an air bath whose temperature is maintained 
constant by means of a thermostat, ^4, fig. 78; or in an amyl alcohol bath, fig. 58. 
B represents the thermometer. The copper fiange CC on the front and sides of 
the bath is to deflect the products of combustion from the flame up the back of 
the bath, away from the door. Cool the crucible in a desiccator, and weigh. 
The increase in weight represents the potassium chloroplatinate.® 

Multiply the weight of the potassium chloroplatinate by 
0-3()67 to get the corresponding amount of ])otassium chloride, and by 0*1937 
to get the corresponding amount of potassium oxide. Subtract the amount 
of potassiuni chloride from the weight of the mixed chlorides in order to get 
the amount of sodium chloride in the given sample, and multiply the result 
by 0-5302 to get the corresponding amount of sodium oxide. The following 
arc the weighings obtained with half a gram of clay from which 0*0227 grm. 


of the mixed chlorides was obtained : — 

Dish and mixed chlorides ..... 26*2867 grins. 

Empty dish ........ 26*2640 grins. 

Mixed chlorides ....... 0*0227 grin. 

Gooch crucible and potassium chloroplatinate . . 27*6898 grins. 

Gooch crucible alone ...... 27*6351 grms. 

Potassium chloroplatinate ..... 0*0547 grm. 

Since 0*0547 x 0*3067 — 0*01 68 grm. of potassium chloride, 

Mixed chlorides ....... 0*0227 grin. 

Potassium chloride ....... 0*0168 grin. 

Sodium chloride ...... 0*0059 grm. 

Hence — 

Weight of potassium chloroplatinate x 0*1937 ==0*0106 grm. KgO. 
Weight of sodium chloride . . x 0*5302 =0*0031 grm. NagO. 


If the amount of ammonium chloride and calcium carbonate used in Smith’s 
process for the mixed chlorides contained a grm. of KgO, and h grm. of NagO, 
a must be subtracted from the potash, and h from the soda. A blank determina- 
tion showed that the materials used in the above determination contained no 
potassium oxide (a = 0), but did contain (6 = ) 0*0(K)22 grm. of NagO. Hence 
the amount of sodium oxide is 0*0031 less 0*0002 =0*0029 grm. per half gram of 

' The results are generally too high with tared filter-papers — F. H. van Lccnt, Ze.it. anal. 
Chem., 40 , 569, 1901 ; R. Caspari, Zeit. angew. Chem., 6 , 68, 1893; F. Bolm, Zeit. anal. Chem., 38 , 
348, 1899; C. R. Fresenius, Anhitung zur quantiiativen chcmischen Analyse, Braunschweig, 
2 , 290, 1905; Eng. edit., 2 , 221, 1900; H. J. F, de Vries, Chem. WeeUlad, 4 , 231, 455, 1907; 
5 , 176, 1908, 

* C. G. EggertJS and L. F. Nilson {Konigl. Jjand. Akad. Hand. Tids., 35 , 326, 1898) here 
recommend drenching the precipitate with ether. 

* According to H. Fresenius and P. H. M. P. Brinton (ZeAt. anal. Chem., 50 , 21, 1911), if 
the weighed potassium chloroplatinate be caked into lumps, and not pulverulent, it should be 
redissolved in boiling water and evaporated in a platinum dish on a water bath in which the 
water is not quite boiling, again dried at 130” and weighed. The reason will appear from 
page 229. 
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the clay. The clay in question thus contained the equivalent of 2*12 per cent, 
of KgO, and 0*58 per cent. NagO. 

Errors, — Some idea of the magnitude of the accidental errors in the deter- 
mination of the potash by this and Smith’s process can be obtained from the 
following eight independent determinations made on one sample: — 

0-0106; 0-0103; 0-0108; 0-0101; 0-0109; 0-0108; 0 0104; 0-0103 
The mean is 0-0105 grm. per 0-5 grm. of clay, that is, 2-10 per cent. The 
deviations range approximately between ±0-04 grm. per 100 grras. of clay. It 
is necessary to mention that if the clay or silicate contained sulphur, and sulphur 
be not removed as indicated on page 219, some sodium sulphate is almost 
certain to contaminate the potassium chloroplatinate. In fact, the sulphates 
must be converted into chlorides by treatment with barium chloride before 
applying the ‘‘platinum” process. Care must be taken that there is no excess 
of either sulphate or barium chloride, or the results will be high.^ 

§ 109. The Preparation of Hydrochloroplatinic Acid from Platinum 

Residues and Scraps. 

Although usually called platinum chloride — PtCl 4 — the reagent used for 
separating potassium in the form of potassium chloroplatinate is really hydro- 
chloroplatinic acid — HgPtClg. In order to keep down expenses, it is very 
necessary to collect all platinum residues, alcoholic washings and platinum 
scraps, in bottles provided for the purpose, and then to recover the platinum at 
convenient intervals. The recovered platinum is usually converted into hydro- 
chloroplatinic acid.2 

1. Alcoholic Washings, — Distil off the alcohol ^ and take up the residue with 
water; ^ add the potassium chloroplatinate residues to the solution. Pour the 

' H. J. Holgen, Chem, Weekblad, 14 , 578, 1917; B. Turkiis, Ann, Chim. nnaJ,, 22 , 104, 
1917; B. Schulze, Landw, Versuchs. Stat., 88 , 397, 1916; T. D. Jarrell, Journ. Assoc., Off. 
Agric. Chem.., 3 , 107, 1917; B. Blount, Analyst, 43 , 117, 1918. 

2 L. Opificus, Zeit. anal. Chem., 23 , 207, 1884; H. Precht, ib., l 8 , 509, 1879; G. Krause, 
ib., 14 , 184, 1875; W. Dittmar and J. M‘Arthur, Trans. Roy. 80c. Edin., 33 , ii, 561, 1887; 
H. C. Weber, Journ. Amer. Chem. Soc., 30 , 29, 1908; W. 0. Zeise, Pogg. Ann., 21 , 498, 1831; 
40 , 234, 1837; E. Duvillier, Compt. rend., 84 , 444, 1877; T. Knosel, Ber., 6, 1159, 1873; 
H. W. Wiley, Journ, Amer. Chem. Soc., 19 , 258, 1897; Chem. News, 75 , 214, 1897 ; A. Berthold, 
Zeit. angew. Chem., 14 , 621, 1901; J. B. and A. Tingle, Journ. Soc. Chem. Ind., 35 , 77, 1916; 
P. Rudnick and R. D. Cooke, Journ. Amer. Chem,. Soc., 39 , 633, 1917; A. E. Smoll, Journ. 
Ind. Eng. Chem., ii, 466, 1919; L. D. Haigh and A. R. Hall, Journ. Assoc. Off. Agric. 
Chem., 16 , 147, 1933. 

® Purification of Alcohol. — The alcohol may be recovered by re-distilling from quick- 
lime. Put 1 J litres of alcohol in a 2-litre Winchester, add 180 grms. freshly burnt quicklime 
in coarse powder. Agitate every now and again for about 8 days. Distil the alcohol into a 
large flask. Add about 120 grms. freshly burnt quicklime per litre. The alcohol which is 
distilled from this will be very nearly absolute — ^J. L. Smith, Chem. News, 30 , 234, 1874. 
The alcohol may then be mixed with powdered potassium permanganate until it is distinctly 
coloured; allow to stand some days until the permanganate is decomposed, and manganese 
oxide is deposited. Add a little quicklime, and distil slowly. When 10 c.c. of the distillate 
gives no perceptible yellow coloration when boiled with 1 c.c. of a concentrated solution of 
caustic soda or potash, the subsequent distillate is collected for use. The alcohol so obtained 
is neutral, and gives no coloration on boiling with silver nitrate or caustic alkalies — E. Wallej*, 
Jou/m. Amer. Chem. Soc., ii, 124, 1889. Absolute alcohol can be obtained from strong 
spirit by adding benzene and carefully fractionating. A ternary mixture of alcohol, water 
and benzene distils over at 64-85*^, the excess of benzene forms a binary mixture with the 
alcohol distilling at 68-25°, leaving pure alcohol in the still — S. Young, Journ. Chem. Soc,, 
81 , 707, 1902. 

* On evaporating the solution of hydrochloroplatinic acid to dryness in the presence of 
alcohol, hydrochloroplatinous acid — H,PtCl 4 — and ethylene are formed. These react to 
produce ethylene platinous chloride, which dissolves in sicohol, forming an explosive powder 
when evaporated to dryness. The dry powder is insoluble in acids. 
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solution into a 10 per cent, solution of sodium formate ^ and make distinctly 
alkaline with sodium carbonate. Heat the solution to boiling and the platinum 
separates as a heavy black powder. Wash with water, then with hydrochloric 
acid and then with water again. Dry. Ignite the powder in order to destroy 
organic compounds and weigh. 

2. Platinum Scraps , — These may contain iridium, which is itself insoluble 
in aqua regia, but soluble in this menstruum when alloyed with platinum. 
Dissolve the platinum in aqua regia (3HCI + HNO3) in a capacious flask on a 
water bath. When solution is complete, evaporate to a syrupy consistency in 
a large porcelain basin. Take the residue up with water, and gradually add 
sodium carbonate and sodium formate until the solution is alkaline.^ Heat to 
boiling. Both platinum and iridium are precipitated as black powders. Decant 
ofF the supernatant liquid. Wash the residue with dilute hydrochloric acid to 
remove sodium salts and then with water to remove the acid. Dry the powder 
and ignite in a weighed porcelain crucible over a blast lamp, whereby the iridium 
becomes insoluble in aqua regia. Weigh. 

Conversion of the Metal into Hydrochloroplatinic Dissolve the grey 

powder at as low a temperature as possible in aqua regia, the nitric acid being 
added in small quantities at a time. In this way some nitrosylplatinic chloride, 
Pt(NOCl)2 . CI4, is formed. This must be destroyed, since it leads to low results 
in the determination of potassium. Evaporate the solution with water, 
whereby the nitrosylplatinic chloride is decomposed into hydrochloroplatinic 
acid with evolution of nitrogen oxides. Some of the latter still remain in 
solution. Hence, add more water and hydrochloric acid and again evaporate. 
These operations are repeated until no more nitrous fumes are evolved.® 
During these operations, some hydrochloroplatinous acid is formed H2PtCl4. 
This is particularly objectionable, since it leads to high results when the chloro- 
platinic acid is used for the determination of potassium. In order to convert 
hydrochloroplatinous into hydrochloroplatinic acid, saturate the warm solution 
with chlorine gas and evaporate the solution at as low a temperature as possible 
to a syrupy consistency. Dissolve the yellowish-brown mass in water (cold), 
and if any insoluble iridium be present, filter, wash, ignite and weigh the 
residue. Subtract the result from the weight of metal taken. The difference 
gives the amount of platinum which has passed into solution. Dilute the 
solution until it contains the equivalent of 1 grm. of platinum (metal) per 10 c.c. 

§ no. The Determination of Sodium Oxide. 

It will be observed that the soda has been determined by difference, and, 
in consequence, the resulting error is the joint effect of the error in the deter- 
mination of the mixed chlorides and in the determination of the potash. The 
two errors may exactly or partially neutralise one another, or they may act both 

^ D. J. de Jong, Chem. Wetkbladf 10, 833, 1913. 

* Take care that there is no loss by spurting during effervescence. , , . . 

» W. Dittmar and J. M‘ Arthur (/.c.) doubt if it is possible to destroy all the nitrosylplatinic 
chloride in this manner. They recommend acting on the metal with hydrochloric acid and 
chlorine from a “chlorine Kipp.” H, Precht (Zeit, anal. Chfm.t 18, 509, 1879) and W. A. 
Noyes and H. C. P. Weber {Journ. Amer. Chem, 30, 13, 1908) have also emphasis^ the 
necessity for removing nitric acid from the hydrochloroplatinous acid. J. S. Stas {Chem, 
News, 73, 5, 1896) removes the chlorine by dissolving the salt in water; raises the temperatime 
of the solution to its boiling-point; saturates the solution with chlorine; and keeps the 
temperature of the solution at 100® until it ceases to smell of chlorine. For the f^paration 
ot hydrochloroplatinic acid by the action of a mixture of hydrochloric and chloric acids on 
platinum---6HCl + HC108==:3Clj + 3H,0--~see E. U. Zappi, AnaJt, Fis, Quim, Argentina, 3, 
68^ 1915. 
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in one direction. Hence a comparison of the actual values obtained for the 
soda — NagO — in eight determinations of one sample of clay, indicated below, is 
particularly interesting: — 

0-0029; 0-0030; 0-0034; 0-0035; 0-0030; 0-0029; 0-0031; 0-(K)30 

with a mean value of 0-003 J per half gram, and an error ranging between 
il: 0-0003. The theory of errors furnishes a value for the error of J 0*00035 which 
is very near the value actually obtained when the soda- NagO- is determined 
by difference. The accidental errors per UK) grms. of clay do not differ much 
from -hO-06 grm. Hence this method of finding the amount of sodium oxide in a 
clay is quite reliable and there is no need to determine the soda directly.^ 

The soda can be determined directly in the filtrate from the potassium 
chloroplatinate by evaporating the filtrate to a small volume, and reducing the 
platinum to metal by means of formic acid. Filter off the platinum ; evaporate 
to dryness in a weighed dish; ignite at a dull red heat and finally weigh as 
sodium chloride , 2 or as sodium sulphate.^ 

Determination as Triple Acetate. — More recently, methods for the direct 
determination of sodium oxide have been based on the insolubility of sodium 
zinc uranyl acetate^ and sodium magnesium iiranyl acetate.-'’ Neither method 

' For a review of methods for determinintc sodium, see E. Einecke and .1. Harms, 
anal. Che.m.. 99, 114, 1934. For the determination of sodium as sodium antimonate, see 
F. F. Beilstein and 0. von Blaese, Bull. Acad. Sciences St. BHcrsbourij^ 33, 20J1, IHOo; M. 
Kiehter-Quittner, Biochem. 7A(J., 133, 417, 1022; F. Lebermann, j7>., 152, 345, 1924; B. 
Kramer, Journ. Biol. Chem.^ 41, 263, 1920; B. Kramer and K. J. Tisdall, ib., 46, 467, 1921; 
R. L. Haden, Jovrn. Lab. Clin. Med., 10, 236, 1924; (). von Dehn, Zeif. physiol. Chem., 144, 
178, 1925; A. R. Lewin, Zeii. anal. Chem., 104, 406, 1936. 

* Some of the lithium in the silicate wdll be found with the sodium chloroplatinate in the 
filtrate (page 232); most will be precipitated with the carbonate in n-moving lime and 
magnesia by Gooch and Eddy's process, but not by Smith’s proct'ss. Most of the ca?si*um 
and rubidium, if present, will be found with the potassium, since both caesium and rubidium 
chloroplatinates are even less soluble than the corresponding potassium salt. — W. Crookes, 
Chem. News, 9, 37, 205, 1864; R. Bunsen and G. KirchhofT, Pogg. Ann., 113, 337, 1861; 
Zeit. anal. Chem., i, 62, 1862; R. Bunsen, ib., 2, 161, 1863. For the separation of the three 
chloroplatinates, see 0. D. Allen, Ayner. J. Science, (2), 34, 367, 1862; Zeit. anal. Chem., 2, 
68, isfo; Chem. News, 6, 265, 1862; R. C. Wells and R. K. Stevens, hid. Eng. Chem. Anal. 
Ed., 6, 439, 1934. F. Stolba’s process {Zeit. anal. Chem., 12 , 440, 1873) wdth stannous chloride 
is not good; while F. Godeffroy's process (Ber., 7, 375, 1876) with antimony chloride is very 
fair (A. Cossa, Ac.cad. Lined,' {Z), 2, 117, 1878; Gazz. Chim. Ital., 8, 2;i5, 1878). H. C. 
Wells, Amer. J. Science, (3), 43, 17, 1892; (3), 46, 186, 1893; H. H. Johnson and O. 1). Allen, 
(2), 35, 94, 1863. For a review of methods for the separation of potassium, rubidium 
and caesium, see W. J. O’Leary and »1. Papish, Ind. Eng. Chem. Anal. Ed., 6, 107, 1934. 
Caesium can be determined by the perchlorate process — E. Murmann, Oesierr. Chem.. Ztg., 
26, 164, 1923. 

® A. Mitscherlich, Zeit. anal. Chem., i, 59, 1862; G. Werther, Jmirn. prakt. Chem., (I), 
91, 321, 1864. 

^ I. M. Kolthoff, Pharm. Wcekb., 60, 1251, 1923; E. Crepaz, Ami. Chim. applicaia, 16, 
219, 1926; 1. M. Kolthoff, Zeit. anal. Chem., 70, 304, 397, 1927; H. H. Barlxjr and 1. M. 
Kolthoff, Journ. Amer. Chem. Soc., 50, 1625, 1928; H. Ritter, Sprerhsaal, 63, 506, 1930; 
A. M. Butler and E. Tuthill, Journ. Biol. Chem., 93, 171, 1931; G. W. B. Van der Lingen, 
Analyst, 57, 376, 1932; S. Z. Makarov and V. V. Bukina, Journ. Gen. Chem. (U.S.S.R,), 3, 
881, 1933; L. Butler, Journ. Assoc. Off. Agric. Chem., 17, 275, 1934; C. C. Miller and F. Traves, 
Journ. Chem. Soc., 1390, 1936. Phosphates, if present, are removed first by adding powdered 
zinc carbonate — O. R. Overman and O. F. Garrett, Ind. Eng. Chem. Anal, Ed., 9, 72, 1937. 

* A. Streng, Zeit. anal. Chem., 23, 185, 1884; Zeit. wiss. Mikroskop., 3, 129, 1886; S. S. 
Miholid, Bull. Acad. Set. Zagrab, 16, 1920; A. Blanchetidre, Bull. Soc. chim., 33, 807, 1923; 
A. Kling and A. Lassieur, Chim. et Ind., 12 , 1012, 1924; D. I. Perietzeanu, Bid. Soc. chim. 
Bomdnia, 9, 17, 1927; H. Weiland, Mitt. Kali. Forsch.-Anst., 21, 1927; E. R. Caley and C. 
W, Foulk, Journ. Amer. Chem. Soc., 51, 1664, 1929; E. R. Caley, hid. Eng. Chem. Anal. 
Ed., I, 191, 1929; E. R. Caley and D. V. Sickman, Journ. Amer. Chem. Soc,, 52, 4247, 1930; 
E. R. Caley, ib., 54, 432, 1932; Ind. Eng. Chem. Anal. Ed., 4, 340, 1932; E. R. Caley, C. T. 
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has as yet fully established itself as a standard process, but the results are 
promising. Caley and Foulk give the following details for the separation 
as the triple magnesium acetate: — 

Dissolve the mixed chlorides in 5 c.c. of water, or less if practicable, and 
rapidly add the requisite quantity^ of the reagent.^ Keep the mixture at 
19^ to 20° and stir vigorously for 30 to 45 minutes — attention to these two 
details is essential. Immediately filter through a dry (105°), weighed Gooch 
crucible and wash with three successive quantities of 5 c.c. of 95 per cent, 
alcohol, which has previously been saturated with the triple acetate. Dry at 
105° for 30 minutes and weigh. The precif)itate has the composition — 

Mg(CH3COO)2 . Na(CH3C00) . 3[UO2(0H3COO)2l . b-bHgO, 

and contains 2*06 per cent. NagO 

Under the above conditions, the method gives a good separation from 
potassium [)rovided not iuotc tlian 0*25 grm. is present and not less than 100 
c.c. of the reagent is used, but the separation from lithium is not satisfactory. 
The alkaline earths and ammonium are said to have no disturbing influence, 
but Miller and Traves find that in the presence of large amounts of calcium 
a double precipitation is necessary. Either the zinc or the magnesium triple 
acetate can be determined l)y volumetric or colorimetric processes.® 

Brown and H. Price, iO., 6, 202, 1034; (1. B. van Kam|)€^n and L. Westenberg, Chem. 
M'ef'kb.f 29, 385, 1032; T. Moda, Journ. Soc. Chem, J?td. Japan^ 36, ()3o, 1933; A. Rauch, 
Zeit. atifil. (-hem., 98, 385, 1034; 1. 1. Nazarov and L. P. Banina, Zanxlskriya Lab., 3, 226, 
1034; M. Isliibashi anrl H. Kishi, Journ. (%em. Soc,. Japan, 56, 357, 1935; F. Kogler, An^ew 
Chem., 48, 561, 1035; K. Kahanc, Journ. Phtrm. Chim., (8), ii, 425, 1930; Bull. Bor. chim., 
(4), 47, 382, 1030; A. Krassilchik, Compt. rend., 203, 78, 1936; J. 0. Oanessa, Rev. FaculUtd 
Cienr. i^uini., 10, 87, 1035; K, M. Popov, Kalii {U.S.S.R.), No. 5, 39, 1036. 

^ For 25 ingrins. or lcs.s of mixed chlorides, 1(K) c.c. of reagent shouhl be used; for larger 
quantities the number of c.c. of reagent should he four times the number of mgrms. of mixed 
chlorides. 

2 Macjnkshtm ruANYL Acktate Rea(3 ENT.— Solution (A): crystallised uranyl acetate, 
85 grins.; glacial acetic acid, 60 grms. ; distilled water to 1000 c.c. Solution (B): crystal- 
lised magnesium acetate, 500 grins.; glacial acetic acid, 60 grins.; distilled water to 1000 c.c. 
Both solutions arc s(*pa lately heated to about 70" until the salts have dissolved. They arc 
then mixed, cooled to 20 kept at this temperature* for a few hours and finally filtered through 
a dry paper into a dry bottle. The solution keeps indefinitely if stored aw^ay from direct 
sunlight. For the recovery of the reagent from residues, see L. Westenberg, Versing. Laiidb. 
Onderzoek, No. 42E, 358, 1036. 

® A. Nail, Bull. S(K‘. pharm. Bordeaux, 65, 67, 1027; E. B. Caley, Journ. Amer. Chem. 
Bor., 52, 1340, 1030; J. T. Dobbins and R. M. Byrd, ib., 53, 3288, i031; E. R. Caley and 
C. VV. Foulk, ib., 51, 1664, 1029; N. H. Furman, E. R. Caley and I. C. Schoonover, ib., 54, 
1344, 1932; 1. M. KoJthoff and J. J. Lingaiie, ib., 55, 1874, 1933; R. A. McChanco and H. L. 
Shipp, BifX'hern. Journ., 25, 440, 1931; A. Blenkinsop, Journ, Agrir. Bci., 20, 511, 1930; 
C. S, Piper, ib., 22, 676, 1032; E. Kahane, Bull. Bor. chhn., (4), 47, 382, 1030; R. W. Bridges 
and M. F. Lee, Jnd. Eng, Chem. Anal. Ed., 4, 264, 1932; 1. Rusznyak and E. Hatz, Zeit. anal. 
Chem., 90, 186, 1932; R. Lang and G. Muck, ib., 93, 100, 1033; S. Nagami and T. Tashiro, 
Journ. (Jhem. Bor. Japan, 53, 1141, 1032; F. Alten and H. Weiland, Z/eJi. Pftanzenerndkr. 
Diingung. Bodenk, 31A, 252, 1033; Mitt. Kali Forsch.-Anstalt, 75, 11, 1933; Chem. Zentr., (2), 
2860, 1033; O. M. Smith and H. Blair, Proc. Oklahoma Acad. Bci., 13, 33, 1934; K. L, 
Malyarov and T. Yudenich, Zandskaya Lab., 3, 904, 1934; A. Elias, Anales Asoc. Quim. 
Argentina, 23, 1, 1935; F. Alten, II. Weiland and E. Hille, Zeit. Pflanzenerndhr. Diingung. 
Bodenk, 32A, 129, 1933; W\ R. Wiggins and C. E. Wood, Journ. Inst. Petrol. Tech., 21, 105, 
1935; G. Chen, Journ. Lab. Clin. AiSf., 21, 1198, 1036. 



CHAPTER XVIII. 

ABBREVIATED ANALYSES AND ANALYTICAL ERRORS. 


§ III. Exhaustive v. Works Analyses. 


It will now be well to review our results. The hydrochloric acid solution of the 
sodium carbonate fusion was evaporated twice, with an intervening filtration, 
and the silica filtered off, ignited, weighed and treated with hydrofluoric acid. 
The filtrate was precipitated twice with ammonia and ammonium chloride. 
The precipitate was ignited with the residue from the silica and weighed as a 
mixture of aluminium, ferric, titanic and phosphoric oxides. This was fused 
with potassium pyrosulphate, any insoluble silica filtered off, and the solution 
made up to 250 c.c. Of this 25 c.c. were used for the determination of iron 
coloriraetrically and 50 c.c. for the titanic oxide.^ The filtrate from the 
alumina was evaporated down to a small bulk and the last traces of alumina 
separated in the usual way.^ The filtrate was treated with ammonium oxalate. 
The precipitated calcium oxalate was filtered off and the filtrate was treated 
with ammonium sodium phosphate, when a precipitate of magnesium ammon- 
ium phosphate was obtained. The next filtrate was rejected. The alkalies 
were determined on a separate sample. Summarised (solids to left, solutions 
to right) : — 

(Fluorine absent) 

HCl sol. of NagCOj fusion (two evaporations) 


SiO 



treatment 


Add aq. NHg and NH 4 C] 


Residue 


SiFj volatilises 


Precipitate 


Evaporate 


Extra AljOj HgS in NH, sol. 

j 


AI 2 O 3 , etc. 

Ignite; weigh; fuse K 282 O 7 , digest with water 


MnO Amm. oxalate 


Extra Si 02 


Filtrate to 250 c.c. 


Fe,0, 


TiO, P.O. 


CaO Amm. sod. phosphate 


MgO Reject 


^ And, if desired, 100 c.c. for the phosphorus (page 672). There is, however, the possi- 
bility of loss of phosphorus pentoxide by volatilisation during the ignition of the mixed oxides. 

^ The solution can then be treated with ammonia and hydrogen sulphide to precipitate 
the manganese sulphide (q.v,). 
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It is important in devising analytical schemes to keep the object of the 
analysis clearly in view. If extreme accuracy be desired for research and other 
purposes, no precautions must be neglected which will ensure exact results. 
The analysis may have to be criticised while the analyst is in the witness box in 
a court of law. In such cases he must be prepared to furnish clear, concise, 
complete and conclusive proofs of the accuracy of his statements. The purity 
of the reagents should have been established by blank or other tests, and the 
degree of accuracy of the analytical process should be known. Analyses for 
reports on, for instance, new clays usually call for more exhaustive details than 
are needed for general juactice. 

If the analysis is to be made for industrial work, accuracy and speed are of 
prime importance. Such precautions must be adopted as will ensure the 
required degree of accuracy. Ultra-refined processes waste time. Super- 
fluitas, said F, Bacon, impedit multum et reddit opus abominabile. A scheme of 
analysis might serve a given purpose admirably and yet appear grotesque if 
applied with another object in view. The determination of the 0*03 per cent, 
of lithia usually present in Cornish stone, for instance, would be useless for 
ordinary technical requirements. We should not know how to apply the 
information if we had it. A certain amount of care is imperative in applying 
the principle, “near enough for our purpose,” because unsuspected sources of 
faults may easily be overlooked. 

The prime object of chemical analysis in industrial practice is to prevent errors 
of commercial importance. These errors may arise from (1) a variation in the 
composition of the raw materials; (2) a wrong proportioning of these materials, 
e.g, the clays in a body mixture; (3) the need for checking the efficiency of 
processes of purification and grinding at difierent stages in the manufacture; 
(4) the introduction of deleterious impurities with the raw materials; (5) 
payment for raw materials invoiced, possibly, higher than their market value. 

§ 1 12. Abbreviated Schemes of Analysis. 

In purchasing raw materials, the analysis must frequently be conducted in 
a much shorter time than is possible by the scheme indicated in the preceding 
pages. The necessary time is not available and an exact analysis may be no 
more useful than a close approximation. The material may have been sold 
before the analyst has completed his work; the analysis, when completed, is 
accordingly useless for his own firm — a rival has bought the material. 

The methods of analysis taught in the schools are not those which have 
developed under the stress of competitive practice. The analytical chemist 
must therefore exercise his analytical faculties, not only in manipulative skill, 
but also in distinguishing between necessary precautions and unnecessary 
exercises in chemical gymnastics. The two faculties are not always located in 
the same man. The one is mere mechanical dexterity; the other is the quality 
which makes a man valuable. 

Simplified Scheme of Analysis, — A simpler scheme suitable for certain 
analyses in routine work may be used for many purposes. This will be under- 
stood from the representation on page 240 (solids to left, solutions to right). 

For simply checking the correctness of a “mixing,” the determination of the 
silica may suffice. In some cases a mere determination of the loss on ignition 
of the dried (110)° sample will show whether it is necessary to proceed further 
with the analysis. The idea is to pick out one or two components which admit 
of easy determination — lead and lime, for instance, in a glaze. If these be 
quite normal, it is sometimes sound reasoning to infer that the different 
constituents have been properly proportioned. 
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HCl sol. of NajCOg fusion (one evaporation) 


Si02 Make sol. to 250 c.c. 


100 c.e. Add aq. NH^ and NH4CI 

Fe203 (Reinhardt's proeess) 

AlgOa + FeaOa CaO, MgO 

Rapid Clay Analyses . — It is possible to determine the silica, alumina and 
ferric oxide in a clay without using a platinum crucible and in a comparatively 
short time, by the following process ^ : — 

Mix 0*5 grin, of the clay with six times its weight of “ fusion 

mixture” ^ in a 30 c.c. nickel crucible with a nickel spatula. Fuse the mass for 
about 5 minutes at a dull red heat.^ Cool. Place the crucible in an evaporat- 
ing basin 12 cm. diameter, or in a covered beaker. Add water slowly. The 
action may be somewhat vigorous and care must be taken to avoid loss by 
spurting. The heat generated during the action will lead to a rapid dissolution 
of the cake. Remove the crucible and rinse it well, both inside and out. Add 
an excess of hydrochloric acid. Evaporate the solution to dryness. Grind the 
residue to powder. Dehydrate the mass at about 110^ for an hour. Digest 
the mass with hydrochloric acid, dilute, filter, wash and ignite the residue in a 
porcelain crucible for total silica. Make the filtrate up to 250 c.c. 

Precipitate the aluminium and ferric hydroxides in 100 c.c. of the solution 
by adding an excess of ammonia and ammonium chloride in the usual manner, 
and weigh as mixed AlgOa + FegO^. Determine the ferric oxide in another 
100 c.c. by, say, Reinhardt’s process. All this involves 3 or 4 hours’ work, 
excluding the 2 to 4 hours required for the silica evaporation.'* Hence two 
such partial analyses can be made in a day. 

§ 1 13. The Indirect Determination of Lime and Magnesia. 

The lime and magnesia can be determined much more quickly by the 
indirect process than by precipitation respectively as oxalate and as ammonium 
magnesium phosphate. 

SchafFgotsch ® showed that calcium and magnesium carbonates separate 

^ See E. P. Fleming, Western Chem. 5, 396, 1909; J. H. Walton, Jtmrn. Amer. 

Chem. Soc., 29, 481, 1907; W. P. Eckdahl, Chemist- Analyfit, 45, 5, 1925; W. J. Roee, Journ. 
Soc. Glass Tech., ii, 172, 1927; C. Pertu.si and E. di Nola, Aim. Chirn. applicata, 21, 482, 
1931. Compare A. Lobanov and V. Zhitenov, Zavadskaya Lab. y 4, 1277, 1935; R. 1. Boroditz- 
kaya, Trans. Cer. Research Inst. {U.S.8.R.)y 46, 1, 1935. See E. Ladd, page 510. For the 
rapid analysis of glass, see E. C. Hullivan and W. C. Taylor, Journ. hid. Eng. Chem., 6, 897, 
1914; W. Pape, Sprechsaaly 60, 163, 1927; S. S. Zhukovskaya and S. T. Balyuk, Zavadskaya 
Lab.y 3, 485, 1934; M. B. Vilensky, Journ. Amer. Cer. Soc.y 19, 91, 1936. 

* Peboxidk Fusion Mixture. — Mix 4 parts by weight of the purest sodium peroxide with 
1 part of tlie purest sodium hydroxide. Sodium peroxide usually contains traces of silica. 
The amount can be determined by a blank experiment and an allowance made for the 3 grms. 
of peroxide fusion mixture used. 

® For a still more rapid method of decomposition, see page 265. 

* For systems of accelerated evaporation, see H. J. B. Band, Journ. Soc. Chem. Ind., 26, 
1225, 1907; W. Hempel, Ber.y 21, 900, 1888; C. Jones, Journ. Anal. App. Chem., 3, 121, 
1889; R. Fessenden, Chem. News, 61, 4, 1890; E. Donath, Chem. Ztg., 32, 1107, 1908; 
T. Brugnatelli, Oazz. Chim. Jtal.y 8, 16, 1878; J. W. Gunning, Zeii. anal. Chem.y 26, 725, 1887; 
A. Gawalovski, ib., 12 , 181, 1873; C. Zengelis, ib.y 45, 758, 1906. 

® F. C. Schaffgotsch, Pogg. Ann., X04, 482, 1858; 106, 294, 1859; A. K. Christomanos, 
Zeit. anal. Chem., 42, 606, 1903; J. Knoblock, ib,, 37, 733, 1898; 0. BriU, Zeit. anorg. Chem.^ 

275, 1905. page 220. 
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from a solution containing a great excess of ammonium carbonate and ammonia 
probably in the form of double ammonium carbonates. A certain amount of 
magnesium carbonate is, however, hydrolysed under these conditions, and 
the precipitation of the magnesia is not therefore quite complete. Gooch and 
fCddy ^ have shown that the separation is completed in a relatively short time 
if the solution contains an excess of alcohol. 

Determination of the Mixed Oxides. — After the sodium carbonate fusion 
and removal of the silica and alumina in the usual manner, the filtrate from 
the alumina is boiled down to a small volume, ^ and an equal volume of alcohol 
and 50 c.c. of Gooch and Eddy’s solution (page 220) are added. In about 
half an hour the precipitate is filtered of! and washed with the same solution 
and dissolved in a small volume of dilute hydrochloric acid. The solution is 
then neutralised with ammonia, and an equal volume of Gooch and Eddy’s 
solution and alcohol added. The precipitate is washed as before, ignited in a 
weighed platinum crucible and weighed as a mixture of CaO + MgO.® 

Tramformation of the Mixed Oxides to Sulphates. — Add, very carefully, 
sufficient dilute sulphuric acid^ to combine with all the lime and magnesia 
in the crucible. Evaporate the solution to dryness, then gradually raise 
the temperature of the crucible to the full heat of a Bunsen burner ^ for 
about a quarter of an hour. Weigh® the contents of the crucible as mixed 
CaS04-fMgS04. 

Calculations. — Suppose that W represents the weight of the mixed oxides, 
tv the weight of the mixed sulphates; then, if u represents the weight of the 
SO3 present, iv - W — u. By the method of page 223, therefore, we have the 
two equations: 

MgS04 + CaS()4 = w ; and 0*6651 ]VlgS()4 + 0*5882 CaS()4 = u 

Hence, 

CaS 04 - 8*649m; - 13*004d/ ; MgS 04 = w - CaS 04 

In illustration, suppose the mixed oxides weighed 0*()265 grm., and the mixed 
sulphates 0*0703 grm., it follows that the mixture contains 0-0385 grm. of 
CaS04 and 0*0318 grm. of MgS04. But 

CaS04 X 0*41 2 = CaO ; and MgS04 x 0*335 == MgO 
Hence the given mixture has 0*0159 grm. CaO and 0*0107 grm. MgO.^ 

^ F. A. Goooh a«d E. A. Eddy, Amer. J. Scipncey (4), 25 , 444, 1908; Chem. News, 97 , 
280, 1908; J. M. Stillman and A. J. Cox, Journ. Arner. (Jhem. Soc.., 25 , 722, 1903; E. Dreschel, 
Journ. prakt. Chern., (2), i 6 , 169, J 878 ; O. Foote, Gazz. Chim. lUit., 24 , i, 207, 1894. According 
to O. Bertrand {Monit. Scient., (3), 10 , 477, 1880), at 10°, 1 part of calcium carbonate is 
soluble in 13,980 parts of water containing ammonium chloride; in 8380 parts of water con- 
taining ammonium sulphate; and in 14,438 parts of water containing ammonium nitrate. 

* If any alumina separates, it must be of course filtered off. 

* If baryta and strontia be present, they will be included with these bases. To evaluate 
the mixture by a titration process, see A. Trabert, Compt. rend., 119 , 1009, 1894; Chem. News, 
yi, 26, 1895. 

* The addition of sulphuric acid is not a very safe operation for an analytical process. It 
is best to add an ammoniacal solution of ammonium sulphate containing a little ammonium 
chloride — W. L. Scott, Chem. News, i, 144, 1860. 

If no fumes of sulphuric acid come from the crucible on ignition insufficient sulphuric 
acid was probably added. In that case, more sulphuric acid must be added when the 
crucible has cooled. A large excess of sulphuric acid should be avoided. For the determina- 
tion of the alkaline earths as crystalline sulphates, see J. D. M. Smith, Journ. Soc, Chem, 
Ind., 44 , 40 T, 1926. 

* The mixture is a little hygroscopic, and must not be needlessly exposed to the air before 
weighing. 

’ P. J. Fox (Journ, Ind, Eng, Chem,, 5 , 910, 1913) and C. J. Schollenberger (Chemiei- 
Analyst, 16 , 6 , 1927) precipitate the calcium as oxalate and magnesium as ammonium arsenate 

16 
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§ 1 14. Permitted Errors. 

If all the constituents in any given silicate have been determined, the 
numbers, in the ideal case, should add up to 100 per cent. The proximity of 
the actual sum to the ideal 100 is a valuable check on the accuracy of the work. 
Absolute identity would not represent perfect work.^ The errors due to 
incomplete washing ; dust ; inevitable impurities in the best of reagents ; action 
of the reagents and solutions on the glass and porcelain, all tend to make the 
total greater than 100. On the other hand, mechanical losses through imperfect 
cleaning of the vessels in transferring liquids and solids from one vessel to 
another; accidental spilling of drops; the slight solubility of the precipitates, 
all tend to reduce the total below 100 per cent. There is but a remote prob- 
ability — perhaps less than one in a hundred- -that the two sets of errors will 
exactly balance one another, and the ideal 100 be obtained. The coincidence 
would be mere chance, and when it does occur it is somewhat embarrassing. It 
is necessary to decide on limiting deviations above and below 100 for satis- 
factory work. If these limits be exceeded, the analysis is to be condemned. 
Hillebrand ^ places these limits at 99*75 and 100*5; Washington ^ prefers 99*5 
and 100*75. If the total falls below 99*5, there is strong presumptive evidence 
that some constituent has been either overlooked or ignored. In the analysis 
of clays for technical purposes no pretence is made to exhaust the possible 
constituents. Only those constituents of technical importance are determined. 
Hence, it is advisable to extend the lower limit. In reports on clays and 
related materials we make ±0*5 the permitted limiting deviations from 100. 
If the total falls below 99*5, it is advisable to find the missing constituent. If 
the analysis pretends to be exhaustive, the lower limit should be raised. 

The practice of adjusting the results of an analysis to an exact 100 is 
utterly bad — although it rather appeals to a business man who is ignorant of 
what is implied, and likes to see the data properly balanced,’’ as he calls it. 
Apart altogether from the ethics of the computation, and the temptation to 
‘‘cook” a defective analysis, the trimming of an analysis to a round 100, as 
Fresenius ^ has pointed out, “prevents others from judging the accuracy of the 
results,” and, in consequence, makes chemists reasonably sceptical as to the 
value of the work. The figures must always be given as they are obtained, 
and it is just here that the integrity of the analyst meets its first test.® There 
is an impression that a satisfactory summation is a sufficient criterion of 
accurate work. As a matter of fact, a satisfactory summation is no proof that 


(page 282) in the same solution. The mixed precipitate is filtered and washed and dissolved 
in dilute sulphuric acid. The oxalate is determined by permanganate titration and, in the 
same solution, potassium iodide is added and the liberated iodine titrated with thiosulphate 
(page 285). 

1 F, Jordis, Zeit. anorg. Chem,, 45, 362, 1906. If the weighings be not all reduced to 
“ weight in vacuo,*^ it is easy to prove that the sum of the several constituents with ordinary 
analytical weights, and with perfect work, cannot add up to 100. 

* W. F, Hillebrand, Bull, U.S, Geol. Bur,, 700, 30, 1919. 

• H. S. Washington, Manual of the Chemical Analysis of Rocks, New York, 24, 1904. For 
the limits of accuracy in the analysis of alloys, see E. A. Lewis, Metal Ind,, 2, 304, 1910; 
Joum, 80 c, Chem, Ind., 31, 96, 1912. See also J. Grossmann, ib., x8, 977, 1899. Of 3391 
silicate analyses in the Bull. U.S. Oeal. Bwr. (14, 1903; 28, 1904) the sum of 1263 varied from 
99 to 99*99 per cent., and 1846 from 100 to 100*99 per cent. — H. H. Robinson, Amer, Joum, 
Bci., (4), 41, 257, 1916. 

< R. Fr^nius, Quantitative Chemical Analysis, London, 2, 101, 1900. 

® Clay analyses have been published where the sum total of constituents makes over 
1 04 per cent., and that not a misprint. lYe can only admire the honesty of the analyrt-*a pro* 
f essional by the way. The work should have been repeated. Its publication was ill*adyised. 
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the separations have been correctly performed. This is well demonstrated by 
the variation in the ratio SiOg : AlgOg in different analyses of the same clay by 
different men.^ 

Another meretricious system of reporting commercial analyses may be 
illustrated by quoting the last three lines of an analysis of ball clay from a 
‘^clay expert’s’’ report: — 

Alkalies 

Undetermined constituents 

Total . . . ; . 1(X)*00 

The undetermined constituents” will not deceive a chemist who has grasped 
the significance of the errors incidental to all methods of analysis, but it may 
mislead ^ those who have not devoted special attention to the subject. 

Dittrich ® has analysed artificial mixtures containing known quantities of 
the principal constituents which occur in silicate rocks and found the limits of 
error ^ to be as follows: — 


1*83 

0-18 


Table XXXVIII. — Accidental and Constant Errors in Silicate Analyses. 


(Constituent. 


I Alumina . 
j Ferric oxide 
j Jdme 
1 Maj^nesia . 

■ Potash (Bunsen's process) 

■ Potasli (Smith's process) 

: Soda (ininsen's process) 

I Soda (Smith’s process) 


I Limits (per cent.). 


. ' 015 and -()‘2.5 | 

. I i 0-2 and - 0-3 | 

. ; -01 

. I 01 

. ■ -fOl 

. • “ O'l and -()*2 

. i -I 0-2 and -0*3 

. j -0*1 and -0*2 


Each limit will naturally vary with the skill of the analyst, with the process 
of analysis and be dependent upon the number of separations involved in the 
analysis. In general, the greater the number of separations^ the greater the errors 
of the analysis. 

In order to find what accidental errors might be expected in clay analyses, 


^ Naturally, something is then wrong. If baryta were overlooked in a glaze analysis, the 
“total” might be satisfactory, and yet the alumina, tin, etc., might be high, especially if 
sulphates be present. 

* “1(K) per cent, analyses” are frequently “crocks.” As a matter of fact, there was a 
discrepancy betw’een the above result and the vitreous qualities of the clay. Another analyst 
reported 3*0 per cent, potash (KjO), and 1*8 per cent, soda (NagO). This corresponds with 
4*8 per cent, alkalies, and agreed with the known properties of the clay. For “alkalies,” 
see page 214. 

* M. Dittrich, Neues Jahrb. Min., 2 , 69, 1903. 

* By “accidentAal error” is understood the irregular deviations from the arithmetical mean 
which are just as likely to have a positive as a negative value. A “ constant error” is an error 
due to well-defined causes which make the error incline more in one direction than in another 
— e.g. errors due to a defect in the pipette, burette or measuring flask, solubility of precipitate, 
etc. The correction tables, pages 22 and 40, are intended to neutralise constant errors due to 
the causes named. For a discussion on accidental and constant errors, see J. W, Mellor, 
Higher MatkemaJtics Jot Stwlents of Chemistry and Physics, London, 510, 537, 1926. The 
accuracy of the results can be expressed in several different ways, e.g.\ “the results are 
within, say, O’l of each other”; “the results are accurate to ±0-1 per 100 parts of the 
sam|de”; “the results are accurate to ±0*1 per 100 parts of the given constituent in the 
sample”; etc. 
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eight independent analyses of one homogeneous sample of clay were made in a 
laboratory by an analyst accustomed to work with the processes recommended 
in this book. Details have been indicated in the preceding text. The results 
are here collected in Table XXXIX. 


Table XXXIX, — Accidental Errors in Eight Analyses of a Clay, 


Constituent. 

Mean values 
per cent. 

Maximum and 
minimum devdations. 

Silica 

60-47 

d 0-07 

Titanic oxidt^ . 

1-20 

:i 0-07 

Alumina . 

21-90 

:L 0 -10 

Ferric oxide 

1-50 

-t 0-06 

Lime 

1-45 

± 0-08 

Magnesia 

1-10 

i 0-08 

}*otash 

2 11 

-1 0-04 1 

Soda 

0-62 

.1 0-04 

Loss on ignition 

9-30 

:.i n-Oo 





! 


The above numbers take no account of constant errors. Dittrich’s Table 
XXXVIII indicates both constant and accidental errors. The errors would be 
different if different amounts of each constituent were present and different 
methods of analysis used. The relative error involved in separating a relatively 
small amount of a constituent is greater than in separating a large quantity^ 
because, in the former case, a small quantity of impurity and the slight solvent 
action of the mother liquid have a greater influence on the final result. The 
sulphur and chlorine (Table XXXIX) have not been determined; without 
these and certain other constituents, the total is 99*65 per cent. This series of 
analyses, with some hundreds of other analyses, has led us to place the 
check for commercial analyses at I00±0*5, as indicated above. 

It will be obvious that if each constituent had its maximum deviation, or if 
each constituent had its minimum deviation, the total might fall outside the 
assigned limit and the analysis be condemned although the error with no con- 
stituent exceeded the tolerated limits. The chance of this event happening is 
over 1 in 100,000,000 analyses. The magnitude of the errors might be reduced 
by working in a clearer atmosphere than sometimes prevails in the testing 
laboratory of a works and using platinum utensils throughout. The numbers 
given above represent analyses made under routine conditions by the method 
described in what precedes. 

The Committee of the American Chemical Society “On Uniformity in 
Technical Analysis ” ^ reported the results of 35 analyses of one sample of 
an argillaceous limestone made by different laboratories. These are somewhat 
startling in their want of agreement. We have given the mean of two concordant 
analyses by the two referees in the second column of the table and the maxima 
and minima results sent to the committee by the different analysts in the last 
two columns. 


^ Journ. Amer. Chem. 8oc,^ 26 , 1652, 1904; 28 , 223, 1906, See also “Report of the Sub- 
committee on the Uniformity in Analysis of Materials for the Portland Cement Industry/’ 
Journ. 80c, Chem. Ind., 21 , 12, 1223, 1902; H. W. Stanger, ib., 21 , 1216, 1902; W. F. Hille- 
brand, Journ. Franklin Ind., 15 $, 109, 181, 1903; G. Tschermak, Centr, Min,, 1, 1916. 
Compare G. E. F. Lundell, Ind. Eng, Chem. Anal. Ed., 5 , 221, 1933. 
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Table XL, — Comparative Analyses of an Argillaceous Limestone. 


Constituent. 

Standard. 

Minimum. 

Maximum. 

Silica . 

18-14 

16-58 

18-92 

Titanic; oxide 

0-22 

0-11 

0-82 

Alumina 

5-70 

4-42 

7-35 

Ferric oxide 

1-71 

1-06 

2-83 

MangancHe oxide . 

(HH 

none 

1-70 

Lime . 

37-65 

35-26 

41-98 

Magnesia 

1 1-93 

0-92 

3-05 

Potash 

1-14 

0-46 

2-68 

iSoda . 

0-33 

0-11 

2-(K) 

Loss on ignition . 

I 32-27 

31-94 

32-88 

Phosphoric oxide . 

i 0-18 

0-12 

0-65 

Sulphur 

0-27 

none 

0-71 

Sulphur trioxide . 

0-012 

none 

0-69 

(Carbon 

0-64 

0-41 

2-03 

Carbon dioxide 

30-68 

28-65 

31-65 


§ 1 15. The Chief Sources of Error in Analyses. 

Every careless step in an analysis shows itself in material mistakes. The student must 
reason closely to keep his solutions eorrect. He cannot go on long with mere 
enthusiasm and boasting. His own results bring him the greatest reproaches. 
His exjjeriments silently humble him, and he is laughed at by the forces which 
he cannot avenge. — W. Crookes.^ 

It may be here instructive to follow Jiiptner's plan and summarise the more 
important sources of err or. ^ Most of these have already been discussed in 
detail. 

(1) Imperfections in sampling. — This, as already indicated, is a prolific 
source of discrepancies in analytical results. 

(2) Errors due to mistakes and lack of skill, e.g. mixing the samples ; arith- 
metical errors in calculations; faulty reading of burettes, weights, tables; 
sticking of Erdmann’s float; dirty vessels. The susceptibility of a worker to 
errors of this kind is greater in badly equipped laboratories, imperfect illumina- 
tion, over-work, with consequent fatigue and lapses of attention, and with a 
laboratory near a source of dust. Experiments with clays favour the develop- 
ment of dust and clay dust settling in beakers and funnels conduces to high 
results. 

(3) Impure reagents, e.g. phosphates in ammonium nitrate used for 
washing the alumina and the ammonium phosphomolybdate precipitates; 
iron and carbon in the zinc used for reducing ferric salts for the permanganate 
titration; fluorine in the hydrogen peroxide used for the titanium determina- 
tions; silica in the sodium carbonate flux; alkalies in the calcium carbonate 
used in Smith’s process ; vanadium in the potash ; chlorides or sulphates in the 
sodium carbonate or nitrate. 


^ Chem. News, 19 , 1. 1869; '*Care in Laboratory Work,” G. Surr, Min. Etig. World, 39 , 
780, 1913; G. Tschermak, Centr. Min., 1, 1916. 

* H. von Jhptner, Joum. I, 8 . Inst., 49 , 80, 1896; Chem, News, 74 , 81, 1896; C. B. 
Dudley, Jmm.. Amer. Chem, 80 c., 15 , 601, 1893; A. B. Prescot, Chem. News, 53 , 78, 88 , 
1886; S. H. CoUins, Univ. Durham Phil. 80 c., 1, 1909; E. A. Lewis, Joum. 80 c. Chem. Ind., 
31 , 96, 1912; V. Zotier, Bull. 8 ci. phatmaccl., 24 , 298, 1917. 
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(4) Faulty measuring apparatus, e.g. the weights may be in error; the 
volumetric apparatus may not be consistent; the volumetric measurements 
may not be corrected for variations of temperature.^ 

(5) Errors in manipulation, e.g. action of water on the glass vessels; 
introduction of sulphur from rubber stoppers used in sulphur determinations; 
moisture in the apparatus used in fluorine determinations; losses by spitting 
when an alkaline carbonate is neutralised by an acid. 

(6) Errors due to faults in the process of analysis, — Examples occur during 
the precipitation of barium sulphate (page 691); incomplete oxidation of 
carbon in the wet combustion process (page 616) ; solubility of silica (page 167) ; 
adsorption of salts by precipitates — e.g., the “alumina” precipitate and by the 
calcium carbonate in the Smith’s process for alkalies; the solvent action of 
hydrochloric acid on sulphides — e.g. lead sulphide. 

(7) Personal errors, e.g. defects in the perception of colour in colorimetric 
processes ; methods of reading burette ; method of adding reagents to solutions 
(page 157); etc. The result is that one chemist gets consistently better results 
with one process than with another, whereas the converse may be true for 
another chemist.^ The differences of opinion as to the relative merits of the 
cyanide, iodine and electrol 3 rtic processes for copper might be cited in illustra- 
tion. By studying the properties of precipitates, the number of flltrations and 
of transfers from vessel to vessel, common sense will sometimes decide in favour 
of one of a number of rival processes. Other things being equal, the '^margin 
of safety’^ is greater, that is, the risk of error is Jess, the fewer the separations 
involved in isolating a given constituent. The more complex the method of 
separation, the greater the influence of the personal factor. Other things being 
equal, that method of analysis is safest ivhich depends least on the skill of the 
operator. In order to reduce the personal factor to a minimum in the deter- 
mination of phosphorus and manganese in iron and steel, where accuracy and 
speed are of vital importance, and where the general composition and range of 
variation of the substances to be analysed are known, methods have been 
devised, chiefly by C. H. and N. D. Ridsdale,® for the rapid determination of the 
constituents just mentioned. These methods — styled mechanicalised processes 
and analoid processes — are followed “mechanically” with j)rescribed quantities 
of solvents, measured reagents and ready-made tablets of solid reagents 
introduced at definite assigned temperatures. In this way the trouble, expense 
and uncertainty involved when differences occur in analyses made by different 
chemists are reduced to a minimum. 

Proposals to standardise processes of analysis crop up from time to time. It 
is suggested that the methods of analysis in which manufacture and sale depend 
upon the results shall be standardised by an authoritative committee ^ and 

^ H. Lunden, Svensk, Kem. Tids., 24 , 96, 1912. 

• This explains some puzzling statements which confront the analyst who “consults the 
originals.'’ Given three processes A, B and C for a particular determination, the author of the 
process A may quote analyses to prove that A is superior to B and C; the author of B may try 
to prove that his process is superior to A or C; and similarly, the author of process C may 
set out to prove that C is superior to A and B. 

• C. H. and N. D. Ridsdale, Joum. 1. S. Inst., 1 , 332, 1911; Analyst, 50 , 425, 500, 1925; 
Joum, 80 c. Chem. Ind., 38 , 15T, 1919; C. H. Ridsdale, ib., 38 , 200 R, 1919; C. O. Bannister, 

39> 361R, 1920; Joum. Proc. Inst. Chem., 169, 1920; W. H. Herdsmann, Journ. West Scot. 

I. 8 . Inst., 4, 1912; C. T. Nesbitt, Chem. World, 3 , 295, 1914; Met. Chem. Eng., 12 , 793, 1914. 

• For discussions on the standardisation of analytical processes, see Joum. 80 c. Chem. 
Jnd., 3 , 2, 210, 345, 356, 1884; J. Pattinson, ib., 3 , 17, 1884; R. R. Tatlock, ib., 3 , 307, 1884; 

J. C. Bell, ib., 2 , 109, 1883; A. R. Ling, ib., 22 , 677, 1903; C. Richardson, ib., 20 , 334, 1901 ; 
J. White, ib., 24 , 390, 1905; H. B. Richmond, ib., 22 , 676, 1903; G. Lunge, Chem. News, 
47 , 210, 1883; B. Blount, ib.,B 6 , 177, 1902; H. von JUptner, ib., 74 , 81, 1896; Joum. /. 8 , 
Inst., 49 ) 80, 1896; W. B. Richardson, Joum. Ind. Eng. Chem., 2 , 99, 1910. Page 244. 
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periodically revised. In this way, a greater uniformity in results might be 
expected. Progress would not necessarily be arrested, because improved 
methods would be examined by the committee periodically and the less satis- 
factory methods cancelled. 

(8) Errors due to calculations based on different atomic weights . — In this 
work we assume that the table of international atomic weights is used. 
It may seem heresy to inquire if this is the best we can do. It will be obvious 
that the atomic weight question is of the greatest importance. It is not 
uncommon to find a difference of a few per cent, between the maximum and 
minimum values for the atomic weights found by different or by the same 
experimenters. The maximum value for the reliable determinations of the 
atomic weight of magnesium given by Clarke is 24*706; the minimum value 
24*016.^ In calculating the ratio MgO: Mg 2 P 207 , page 212, we assumed the 
atomic weight of magnesium to be 24*32. It seems that under the ordinary 
conditions of chemical analysis, the weight may deviate at least (possibly more 
than) i[.0*3 from this value. This means that instead of taking the factor 
0*3621 for converting a given weight of magnesium pyrophosphate into magnesia, 
we require a factor somewhere between 0*3643 and 0*3604. With small amounts 
of magnesia, it does not matter which be used— 0*36 will do quite well. With 
larger amounts of magnesia, the result may be affected by over one-fourth per 
cent. It might therefore be personally interesting for an analyst to find if he 
works under the 0*3643 or the 0*3604 conditions. 

Many chemists recommend the use of an old discarded value for the atomic 
weight of platinum — 197 — in potash determinations for calculating the amount 
of KCl or K 2 O equivalent to the K 2 PtCl 6 precipitate. ^ There can be little doubt 
that the best chemists, working with the best available instruments, under the 
best conditions, with the purest available materials and with a few selected 
reactions, get a number nearer 195 than 197. Why then recommend 197 ? If, 
by a given analytical process, 197 gives a result nearer the correct value than 
195, it is obvious that the former number should be used in that process. It is, 
indeed, possible that if the atomic weight had been determined by the same 
reaction as used in the analytical process, a number different from 195 would have 
been obtained. Again, the difference in the results obtained between “amount 
taken’’ and “amount found” in the determination of antimony by the sulphide 
and iodine titration processes, respectively, suggests that the atomic weight of 
antimony is nearer 120 than 121*76, because the results by the titration process 
are always about one per cent, lower than with the gravimetric sulphide process,® 
though the former is known to be the more accurate method. 

§ 1 16. The Statement of the Results. 

It would be an advantage if different analysts adopted one uniform practice 
in stating their results, since analyses would then be much easier to read. The 
Fifth International Congress of Applied Chemistry at Berlin agreed that — 

1 . The name of the constituent is to be followed by the formula ; 

2. By the name of an acid, the acid itself and neither its anhydride nor its 
ion is to be understood; and 


* F. W. Clarke, A RemlcukUiovt, of the Atomic Weights^ Washington, 222, 1910. 

» F. Wolfbauer, Ckem. Ztg., 14 , 1246, 1890. 

* E. G. Beckett, Beitrag zur Bestimmung des AntimofiSf Zurich, 59, 1909; L. A. Youtz, 
Zeit. morg. Chem,, 37 , 337, 1903; A. Kolb and B. Formhals, ib., 58 , 189, 1908 ; 0. Collenberg 
and G. Bakke, Tida, Kemi Bergvesent x8, 1097, 1924. 
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3. When the results are calculated in the form of metal oxide and acid 
anhydride, the latter is to be written either as ‘'sulphuric anhydride, SO 3 ,’’ or 
as “sulphuric acid (calculated as anhydride) SO3.” ^ 

Washington and Hillebrand ^ recommend stating the results somewhat in 
the following order: SiOg, AlgOg, FcgOg, FeO, MgO, CaO, Na^O, KgO, HgO 
(ignition), HgO (below 110°), COg,' TiOg ZrOg, PgOs, SO 3 , Cl, F, S, (FeSg), CrgOs, 
VgOg, MnO, NiO, CoO, (hiO, ZnO, BaO, 8 rO, LigO, C, NH 3 , and organic matter. 
The idea is to keep the important oxides at the head of the list, so that the 
general character of the silicate can be seen at a glance. This is no doubt 
excellent. For clays, we prefer to keep the titanium among the important con- 
stituents since, in the higher grades of clay, it is often as imj)ortant a constituent 
as iron and more important than magnesia. The PgOg, SO 3 , Cl, F, COg and 
carbon are best kept as a separate group. For glazes and frits, we also prefer to 
keep certain bases in a separate group. The following lists represent the order 
we use for commercial analyses of clays and glazes and similar materials, 
where the purpose of the analyses is different from that of Washington and 
Hillebrand: — 


Clay Dried at 109 *^ C. 

Hygroscopic moisture lost at lOlC C. 
Silica (SiOg). 

Titanic oxide (TiOg). 

Alumina (AlgOg). 

Ferric oxide (FcgOg). 

Manganese oxide (MnO), 

Magnesia (MgO). 

Lime (CaO). 

Potash (KgO). 

Soda (NagO). 

Loss when calcined over 109' C, 

Chlorine (Cl). 

Fluorine (F). 

Phosphoric oxide (PgOg). 

Sulphur (S). 

Sulphur trioxide (SO3). 

Carbon (C). 

Carbon dioxide (COg). 


Glaze Dried at IW C. 

Hygroscopic moisture lost at 100^ (’. 

Silica (Sit > 2 ). 

Alumina (AlgOg) and Ferric oxide (FcgOj,).’ 
Lime (CaO). 

Magnesia (MgO). 
lV)tash (KgOj. 

Soda (NagO). 

Loss when calcined over 100 ' C."* 

lA*ad oxide (PbO). 

Tin oxide (SnOg). 

Zinc oxide (ZnO). 

Barium oxide (BaO). 

Fluorine ( F). 

Phosphoric oxide (P 2 O 5 ). 

Sulphur trioxide (St),). 

Carbon dioxide (Ctlg). 

Boric oxide (BgOg). 


If there is any evidence showing the way the acids and bases arc combined, 
the amounts may be stated separately — e.g. calcium carbonate (whiting), white 
lead, calcium fluoride. When the way the acids and bases are combined is open 
to doubt, it is best to leave the adjustment to those who intend to transform the 
analysis of, say, a glaze into a recipe.^ 


^ W. Fresenius, Zeit. anal. Chern., 44 , 32, 1905. See also Che.m, News, 53 , 186, 1886; 
E. C. C. Stanford, 16 , 29, 190, 1874; C. G. Hopkins, Journ. Amer. Chem. 29 , 1312, 1907. 

* H. S. Washington, Amer. J. Science., (4), 10 , 59, 1900; Prof. Paper V.S. Oeol. Sur., 14 , 
24, 1903; 28 , 7, 1904; W. F. Hillebrand, Bull. U.S. Oeol. Sur., 700 , 31, 1919. 

® There is usually no need to separate the constituents of the ammonia precipitate unless 
phosphates be present. 

* The interpretation of “loss on ignition” is somewhat indefinite with glazes, and is rather 
a qualitative indication of the character of the glaze in question. 

* For an example of the discrepancies which may arise when the analyst attempts to go 

beyond his facts, and show the mode in which the “bases” and “acids” are combined, com- 
pare H. M. Noad, Jowm. Chem. 80 c., 14 , 43, 1862; and A. Voelcker, ib., 14 , 46, 1862; Chem. 
News, 3 , 77, 286, 315, 1861. See also R. Haines, “The Analysis of Mineral Waters and the 
Arrangement of the Results,” Chem. News, 4 , 1861; W. West, Pharm. Times, 1 , 44, 

1847; C. Palmer, “The Geochemical Interpretation of Water Analyses,” Bull. U. 8 . Oeol. 
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It is sometimes difficult to decide how best to report the separate con- 
stituents in an analysis, since curious practices prevail in buying and selling 
which are not always those most convenient for the consumer. Manganese 
ores, for instance, may be sold on their per cent, of metallic manganese, or 
manganese peroxide; cerium is weighed as cerium dioxide, but the earths are 
sold on their per cent. ; chromium ores are valued on their CrgOg contents ; 
tungsten ores on their WO 3 contents; tantalum and vanadium ores on the 
amount of the respective elements equivalent to TagOs and V 2 O 5 they contain; 
while uranium ores are valued on their equivalent UgOg.^ Analysts must then 
bow to the inexorable fetish --custom. 


Sur., 479, 5, 1911; K. H. Dole, “The Hypothetical Combinations in Water Analysis,” Joum. 
IncL Eng. Chern., 6, 710, 1914; W. T. Schallcr and R. C. Wells, Journ. Wash. Acad. Sci.t 
3, 47, 416, 1913; C. E. van Orstrand and F. E. Wright, ib., 4, .514, 1914; M. Roloff, Zeit. 
offent. Chcrn., 14, 53, 1908; 0. S. Rogers, Econ. OcoL, 12, 56, 1917. 

^ G. T. Holloway, Trans. Inst. Min. Met., 21, 569, 1912. 



CHAPTER XIX. 


ELECTRO-ANALYSIS. 

§ 1 17. Some Definitions. 

Ip two platinum plates be dipped in an aqueous solution of, say, copper 
sulphate, and the plates be connected by wire with the poles of a battery or 
accumulator, metallic copper will be precipitated on one plate, and if the 
conditions be suitable, practically all the copper will separate in the form of a 
compact coherent metallic film. If the plate with the film of copper be washed, 
dried and weighed, the increase in the weight of the plate will represent the 
amount of copper which was present in the solution under investigation. 

The process of decomposition is called electrolysis ; the solution undergoing 
decomposition is called an electrolyte; the two plates by which the current enters 
and leaves the electrolyte are called electrodes. The electrode by which the 
current is conventionally supposed to enter the electrolyte is called the anode; 
and the other electrode is called the cathode.^ 

What has just been stated about the solution of copper sulphate applies to 
many other metallic salts. When such solutions are electrolysed, the metal is 
deposited on the cathode. But with solutions of lead and manganese salts, the 
peroxides are sometimes deposited on the anode. In applying these facts to 
practical analysis, it is convenient to make the dish holding the electrolyte 
the electrode, generally the cathode, on which the deposit is to be collected. 
The quantity of electricity which passes through the solution in unit time, 
or the speed of the current, is measured by an ammeter. The unit is called 
an ampere.'^ The unit of the electric pressure ® driving the electric current 
along the circuit is called the volt,^ and the voltage of the current is measured 
by the voltmeter. The current is regulated by coils of wire or incandescent 
lamps, which obstruct the flow of the current of electricity and fritter the 


^ It is always easy to determine which wire from the battery or accumulator belongs to 
the cathode, and which to the anode, by wetting a piece of blotting-paper with an aqueous 
solution of potassium iodide and starch, and allowing the tips of the two wires to touch the 
wet paper about a quarter of an inch apart. The paper in the vicinity of the wire to be 
attached to the anode will be coloured blue. If the blotting-paper be soaked in a solution 
of sodium chloride and phenolphthalein, the paper in the vicinity of the cathode will be 
coloured red. Paper prepared in this way is called “pole paper,” and is sold in booklets or 
rolls like litmus paper. 

* The ampere “is represented by the unvarying electric current which, when passed 
through a solution of silver nitrate in water, deposits metallic silver at the rate of O-OOlllS 
grm. per second.” 

* Also called the electromotive force, or potential. 

* The volt “is represented by the electrical pressure that if steadily applied to a con- 
ductor whose resistance is one ohm will produce a current of one amp^.** 

5550 
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energy of the electric current down into heat, 
the ohm} 

There is an interesting relation — Ohm's law 


The unit of resistance is called 


between these magnitudes : 

Quantity of aleotricity <»■»?. )- 

Consequently, decreasing the resistance opposed to, or increasing the voltage 
of, a current will increase the quantity passing through a circuit per second 
(amperage); and, conversely, increasing the resistance or decreasing the 
voltage will decrease the quantity of electricity passing through the circuit 
per second. 


§ 1 18. Some Factors which determine Success in Electro- Analysis. 

1. Pressure of the Current — Decomposition Voltage, — For the decomposition 
of every metallic solution, the pressure of the electric current must exceed a 
certain minimum value. This minimum voltage is characteristic of the 


particular solution under investigation. For instance 

Sulphates. Chlorides. 

volts. volts. 

Nickel sulphate . 2-09 Nickel chloride . 1-85 

Cadmium sulphate . . 2*03 Cadmium chloride . 1*88 

Cobalt sulphate . . 1*92 Cobalt chloride 1*78 


A current of many amperes might be passed through a solution of cobalt 
sulphate without any visible decomposition; only when the voltage exceeds 
1*92 volts will cobalt be deposited. If a solution contains a mixture of salts of 
different metals, the electrodes appear as if they exerted a kind of selective 
action which really depends upon the minimum voltages required to effect the 
decomposition of the different metallic salts. This peculiarity of the salts can 
be used to effect the separation of the different metals. In a solution con- 
taining cadmium and cobalt sulphates, for example, cobalt will be deposited 
with a voltage less than 2*02 volts, and greater than 1*92 volts. When all the 
cobalt is deposited, increasing the voltage above 2*03 volts will lead to the 
deposition of cadmium. 

2. Strength of the Current — Current Density, — The weight of a given metal 
deposited by a current of electricity is proportional to the quantity of electricity 
(coulombs) passing through the solution; and the weights of different metals 
deposited by the same quantity of electricity (coulombs) are directly propor- 
tional to the chemical equivalents of the metals in the solutions (Faraday's 
laws). Thus, a given quantity of electricity will deposit the relative quantities 
of the different metals indicated in the last line of the following scheme: — 

A1 Ni Co Sn(ic) Cu Cd 

Atomic weight . 26*97 58*69 58*94 118*70 63*57 112*41 

Chemical equivalent . 8*99 29*345 29*47 29*675 31*785 56*205 

The quantity of metal deposited in a given time, that is, the rate of deposi- 
tion, is dependent upon the strength of the current in amperes. The deposited 
metal redissolves in the electrolyte and, consequently, the rate at which the 
metal is deposited must exceed the rate at which it redissolves. The metal is 
only deposited from the solution in the immediate vicinity of the cathode. 
Hence, other things being equal, the greater the area of the cathode the more 

^ The ohm is the unit of resistance and **is represented by the resistance offered to an 
unvarying electric current by a column of mercury, at the temperature of melting ice, 14*4521 
grms. in mass, of a constant sectional area and a length of 106*3 cm.’^ 
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metal available for deposition, and, mutatis mutandis , the greater the rate at 
which the metal is redissolved. Hence the strength of current necessary to 
deposit the metal will depend upon the area of the cathode. 

The amount of current per unit area (per second) is called the current 
density — 100 sq. cm., that is, 1 sq. decimetre, is generally taken as unit area. 
Hence “a current density of 2 amperes'’ means that 2 amperes should be used 
for each 100 sq. cm, of cathode area. 

While the tendency of a metal to redissolve in the solution fixes a lower 
limit to the strength of current which may l)e used for electro-analysis, the 
tendency of the metal to form s})ongy, non-adherent films when deposited too 
rapidly prevents the use of currents exceeding a certain maximum strength 
(amperage per unit area of cathode). 

It is highly important, for accurate work, to precipitate the metal in a 
coherent film which is easily washed and weighed. The condition of the 
deposited metal is not only dependent upon the voltage and the current 
density, but is also determined by such factors as the nature of the solution from 
which the metal is deposited, the amount of free acid and the temperature. 
These '^optimum” conditions can only be determined by trial and failure. 

3. Nature and Concentration of Electrolytes, — Enough salt should be present 
in the solution to carry the current, otherwise hydrogen or some other element 
may cause the film of metal to become spongy and impure. The more con- 
centrated the solution, the greater the amount of metal in solution in the 
neighbourhood of the cathode. The nature of the salt undergoing decom- 
position is of importance. Copper nitrate, for example, gives better results 
than copper sulphate; and nickel sulphate is far more satisfactory than nickel 
nitrate. Better deposits are frequently obtained with complex salts like 
the rnetallo-cyanides and double oxalates, than with the simple sulphates or 
nitrates. 

4. Nature and Concentration of Foreign Salts in the Electrolyte. — A current 
density which gives a perfectly pure coherent deposit of, say, copper when no 
other metal is present may give a very impure deposit when, say, arsenic is 
present, particularly if the decomposition voltage of the foreign salt be near 
that of the copper salt. The greater the concentration of the foreign salt, the 
greater the danger of its simultaneous deposition with the copper. 

5. Temperature, — The time needed for the complete electrolysis of certain 
solutions, e.g. copper or nickel sulphate, lead nitrate, is frequently shortened 
by working at a higher temperature, but the deposits are not always so good 
as those formed at lower temperatures. When working at higher temperatures, 
if the solution be heated to its boiling-point, there is a danger that the deposit 
may be loosened from the cathode, and an accurate determination is then 
impracticable. Hence, normally, the solution under electrolysis is not boiled. 

6. Condition of the Electrolyte, — Only those metallic salts in the vicinity of 
the electrodes can be decomposed by the current and the diffusion of more 
salt from the body of the solution to the vicinity of the electrodes is com- 
paratively slow. Hence adequate stirring of the solution will greatly acceler- 
ate the speed of precipitation by supplying fresh metal faster than it can be 
supplied by simple diffusion to take the place of the metal withdrawn from the 
solution. When artificial means are used to agitate the solution during 
electrolysis, a greater maximum current density can be used. One of the 
electrodes is usually rotated, and the consequence is that the current may be 
considerably increased without injuring the deposit; and deposits which 
require several hours under ordinary conditions may be completed in as many 
minutes. This subject will be discussed later. 
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In giving diroctions for electrolytic separations, or in stating the results of 
experiments, the following factors, aj)art from those connected with the 
apparatus, are thus to be considered: — 

1 . Pressure of electric current in volts. 

2. Current density in amperes per square decimetre. 

3. Nature and concentration of the electrolyte. 

4. Nature and concentration of foreign salts dissolved in the electrolyte. 

5. Temperature of the electrolyte. 

6. Condition of the electrolyte™ at rest or stirred. 

If attention be paid to these details, many electrolytic methods of analysis 
rival ij\ accuracy, neatness and rapidity the best of the gravimetric and volu- 
metric processes available for the same metal. In consequence, a number of 
electrolytic methods have won a })ermanant place in analytical chemistry. True 
enough, the time required for the electrolysis may be prolonged, but very little 
attention is needed during the actual electrolysis. Indeed, many electrolyses 
can be safely left 12 hours — say overnight— without attention. Those 
methods involving the use of rotating electrodes ena})le a determination to be 
made in 10 or 15 minutes. An example is given on page 347. 

§ 1 19. The Apparatus for Electro- Analysis. 

When a relatively small number of determinations is made, the outfit will 
be diflerent from that used for routine work. The former will alone be con- 
sidered here. For the latter, special text-books ^ must be consulted. The 
determination of copper is con- 
veniently taken as a standard pro- 
cess for reference. This is also 
particularly appropriate not only 
because of the typical character of 
the process, but also because the 
Mansfield Oberberg und Hiitten- 
direction, in 1867, offered a prize for 
a rapid and accurate method for the 
determination of copper in ores. The 
prize was won by C. Luckow ^ for 
an electrolytic ])rocess. This gave 
an impetus to electro-analysis gener- 
ally. 

A plan of the outfit for occasional 
work is shown in fig. 79. The current 
from an accumulator B passes through 79.-— Plan of Fig. 80. 

the variable resistance R to the decom- 
position cell C, then through the ammeter A, and back to the accumulator. A 
voltmeter G is placed in metallic contact with the cathode and anode. Usually 

^ A. Classen, Quantitative Analyse durch Elektrolyaey Berlin, 1908; B. B. Boltwood’s trans.. 
New York, 1908; A. Fischer, Ehktroanalytische SchneXlmeihoden, Stuttgart, 1908; F. M. 
Perkin, Practical Methods of Electro-chemistry, London, 1905; J. Kihan, Traiie d' Analyse 
Chimique Quantitative par Electrolyse^ Paris, 1899; B. Bollard and L. Bertiaux, Analyse des 
Mitaux par Electrolyse, Paris, 1909; E. F. Smith, Electro-analysis, Philadelphia, 1918; 
B. Neumann, Theorie und Praxis der analytischen Elektrolyse der Metalle, Halle a. S., 1897; 
J. B. C. Kershaw's trans., London, 1898. 

* C. Luckow, Zeii, anaL Chem,, 8 , 23, 1869; 19 , 1, 1880. 
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a couple of 2- volt E.P.S. accumulator cells (B) will suffice for the current.^- The 
key K is for making or breaking the circuit as desired. 

A photograph of the apparatus is shown in fig. 80, The electrolytic cell 
shown at G is the type recommended by Classen. It consists of a platinum 



Fig. 80, — The Apparatus for an Electro-analysis (Stationary Electrodes). 

basin, about 250 c.c., witli or without an inner matte surface.*^ This serves as 
the electrode for collecting the deposit. A perforated platinum disc fixed to a 
stout platinum wire may be used for the other electrode.^ The dish rests on a 
brass ‘retort ring’ to wdiich three platinum points have been fixed to ensure 

^rea of cathode Depth m Dish Capacity of Dish 
surface’^ sq cm. m cm. m c c 



Fig. 81. — Classen’s Dish. 


electrical contact between the retort ring and the platinum dish. The ring is 
clamped to a glass rod fixed to a heavy iron base. The platinum wire support- 
ing the disc is also fixed by a suitable clamp to the same glass rod. The glass 
rod serves to insulate the disc from the dish. If otherwise, the current would 

^ For the use and adjustment of a D.C. (direct current) lighting circuit, see E. B. Kauff- 
man, Mel, Chem, Eng,, 13 , 534, 1916. 

* The nature of the surface of the electrodes is of importance. Some metals give less 
satisfactory deposits on hammered surfaces than on spun and polished surfaces. In the 
determination of lead as peroxide, the precipitate only adheres firmly to the electrode when 
the surface has been roughened by means of, say, a sand-blast. A woven platinum gauze 
electrode — ^flag electrode — is also recommended in special cases. The electrode must be 
quite clean or a poor deposit will be obtained. 

* l^veral other types of anode and cathode are in Use — dishes, cones, cylinders, gauzes, 
spiral wires. The important points about the electrodes are; (1) they must not be attacked 
by the electrolyte nor absorb gas; (2) they must be of such a shape that the density eff the 
current on the electrode which receives the deposit is as homogeneous as possible; and (3) 
the s^pe must favour rapid diffusion of the electrolyte from one electrode to the other. 
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short circuit and not pass through the decomposition cell. Binding screws 
are fixed to the clamps, so that the dish and disc can be put into electrical 
contact with the battery.^ 

Classen’s dish, shown in fig. 81 , is 9 cm. in diameter and 4*2 cm. deep. It 
holds about 250 c.c., and weighs between 36 and 37 grms. The dish shown in 
the diagram held 231 c.c., when filled to within 1 cm. of the upper edge, and 
156 c.c. when filled to within 2 cm. of the upper edge. With a disc anode, the 
best distribution of the current is obtained by adjusting the disc so that it is 
exactly in the centre of the dish and about 2 or 3 cm. below the upper edge. 

If the electrolytic cell is to be heated, a thin asbestos board or silica plate 
is placed under the dish, and the vessel is heated by a small burner (fig. 80) 
so as to ensure a uniform temperature. 

The resistance or rheovstat R, shown in the photograph, is made from 
platinoid wire wound on an asbestos-covered brass tube, or on a slate frame. 
By moving the sliding contact along a bar, any desired resistance can be obtained 
within the capacity of the instrument.^ 

The ammeter A is an instrument with a small internal resistance — so small 
that it can, for raovst purposes, be neglected. In consequence, the ammeter is 
kept in the main circuit all the time an experiment is in progress. A 20-amp. 
meter reading to amp. will suffice for the work described in this book.® 

The voltmeter G has a relatively large internal resistance, and if placed in 
the main circuit would afford so much resistance to the passage of the current 
that very little current would pass at all, or the coils of the voltmeter would 
be burnt out. If, for instance, the voltmeter has a resistance of 1000 ohms 
and the electrolytic cell 2 ohms, the ratio of the current passing through the 
decomposition cell to that passing through the voltmeter will be as 500 : 1. 
The voltmeter may be left in the shunted circuit all the time an electrolysis is in 
progress. A voltmeter reading 0 to 20 volts graduated in half-volts is sufficient.* 

§ 120. The Electrolytic Determination of Copper. 

Copper can be satisfactorily deposited from solutions acidified with nitric or 
sulphuric acid, but not with hydrochloric acid except under special conditions. 
Nitric acid gives better results than sulphuric acid. The determination will be 
here described in some detail to serve as a type for later references.® 

1. Cleaning the Electrodes, — The electrodes must be perfectly clean. Never 
touch the depositing surfaces of the electrodes with the fingers, to avoid danger 
of contaminating them with grease. Clean electrodes are absolutely necessary 
for good deposits. Silver soap or round-grained sea sand applied with a soft 
cloth or small sponge is commonly used for scouring and polishing. Grease 
is removed either by heating the electrodes to redness,® or by immersion in a 
saturated solution of chromic acid (or potassium dichromate) in concentrated 

^ It is easy to make less expensive supports than the one here described. Much depends 
upon the “taste’’ of the worker. The construction of apparatus for electrolytic work lends 
itself to what Ostwald calls “Basteln” — ^pottering. The stand in the background of fig. 80 
has ammeters and voltmeters for running two independent determinations at the same time. 

* Numerous other types are used. Some of these will be found described in the text- 
books cited above. 

* Ammeters with a range 0-2 amps, reading in hundredths, provided with a shunt for 
reading 0-20 amps, in tenths, will be ample for work other than that described here. 

* In purchasing a new instrument, one reading 0-3 volts in tenths, provided with a shunt 
for reading 0-30 in half-volts, will be found useful for work with rotating electrodes. 

® W. C. Blasdale and W. Cruess, Joum, Amer, Chem, Soc., 32 , 1231, 1910; D. J. Demorest 
Joum, Jnd* Eng, Chem., 5 , 216, 1913. 

* Never heat platintun electrodes unless every particle of the previous deposit has been 
removed* otherwise an alloy may be formed which will spoil the apparatus. See page 98. 
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sulphuric acid. Wash with distilled water and dry by warming. The cathode 
is cooled in a desiccator and weighed, 

2. Preparation of the Electrolyte. — Dissolve a gram of copper sulphate in 
140 c.c. of distilled water; add 5 to 10 c.c. of nitric acid (sp. gr. 1*42), so as to 
make the solution between 8 and 10 per cent, nitric acid.^ The solution is 
placed in the weighed platinum dish. If the electrolysis is to be conducted at 
a temperature above atmospheric, say 60°, warm the solution in the dish 
and adjust the burner so as to maintain the necessary temperature. 

3. Adjustment of the Apparatus. — The apparatus is fitted up as indicated in 
fig. 79, See that all the metallic contacts — battery connections, connections 
with the voltmeter, ammeter, resistance and electrolytic stand — are clean and 
rigid. If otherwise, the contacts may, later on, offer so much resistance that 
the current is either weakened or interrupted. The anode should be adjusted 
in the centre of the dish, and at such a distance (0*5 to I cm.) from the cathode 
that a high voltage is unnecessary when the current has started. It is best to 
start with the whole of the variable resistance in the circuit. Then when the 
circuit is closed, the resistance is cut down until the current rises to, but does 
hot exceed, the maximum required for the electrolysis. Cover the platinum 
dish with a watch-glass cut in two pieces, and provided with notches for the 
anode and also for a thermometer, if the electrolysis is to be conducted at a 
higher temperature. The watch-glass prevents loss by the spray carried off 
with the gases liberated at the anode. 

4. The Electrolysis. — Complete the circuit and adjust the resistance so that 
when the potential difference is from 2*0 to 2*5 volts ^ the current density falls 
between 0*5 and 1*0 amp.^ per 100 sq. cm.^ A bright red film will flash over 
the cathode surface as soon as the circuit is closed. The electrolysis will be 
finished in about 4 hours. 


If the electrolysis is to run overnight, a current density of about 0*1 amp. 
will suffice, A little more nitric acid' - 2 c.c. — should also be added, since some 
of the nitric acid is converted into ammonia by the 
hydrogen liberated at the cathode, and this is inclined 
to cause a spongy deposit. 

To find if all the copper has been deposited, raise 
the level of the solution by the addition of a little 
distilled water. If no copper is deposited on the newly 
Fio. 82. exposed cathode surface after a run of about 15 

minutes, it may be assumed that the electrolysis is 
finished.® Or, a drop of the electrolyte may be transferred to a filter-paper 



If the solution contains much free nitric acid, it should be evaporated to dryness, and the 
resic^e dissolved in the prescribed amount of nitric acid and water. If the solution contains 
much free sulphuric acid, the solution should be neutralised with ammonia, and the necessary 
amount of nitric acid added. 

a Yhe voltage and current density depend upon the resistance of the electrolytic cell, 
depends upon the conductivity of the solution, the size and shape of the electrodes 
and their distance apart. It is frequently inconvenient to regulate these two factors to 
correspond exactly with prew;ribed directions. In that case, bring the voltage to the desired 
value and let the current adjust itself to the required amperage. This is particularly the case 
with separations where the decomposition voltage is of prime importance. 

* If other metals are present in the solution, keep to the lower amperage. 

From fig. 81 we see that the dish with c.c, of solution offers a cathode surface of 

^f is needed per 100 sq. cm., a cathode surface 

of 120 sq. cm. will require a current of 1 amp. read on the ammeter. 

_ * Cl^j^n (/.c.) places a small strip of bright platinum foil in contact with the C4i.thode 
; j touching the anode. If after half an hour no deposit is formed on the 

foil immersed in the liquid, it is safe to assume that the electrolysis is complete. If a deposit 
forms, it must subsequently be dissolved off by eonnecting the foil to the anode. 
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moistened with a few drops of potassium ferrocyanide and ammonium acetate. 
A brownish-red colour shows that all the copper has not been deposited and 
that it is necessary to continue the electrolysis. When no coloration appears 
on repeating the test, the electrolysis is finished. 

5. Washing and Drying the Deposited Metal . — Since the precipitation has 
been made in an acid solution, some consider that the current should not be 
stopped until the aoid liquid has been removed, otherwise the dissolution of 
the deposited copper will start before the plates can be washed, and thus lead 



Fkj. 83. — Washing the Cathode Dish. 

to low results. In most cases, however, sufficiently accurate results will be 
obtained by breaking the current, and immediately ^ pouring the solution into 
an empty beaker, and rapidly rinsing out the basin with hot distilled water. 
Finally, wash three times with about 5 c.c. of alcohol,^ and once with ether.^ 
Dry the precipitated copper in an air bath at about 80°; cool in a desiccator 
and weigh. 

When it is desired to wash the deposit free from acid before stopping 
the current, the acid liquid is syphoned off (by suction) into a filtration flask, 
and at the same time fresh distilled water is poured into the basin until the 
washings are free from acid. This is illustrated in fig. 83. The deposit is then 
washed, as indicated above. 


' F. Riidorff {Zeit. angfw. Chem., 6, 5, 1892) adds 10 drops of a saturated solution of 
sodium acetato just before breaking the circuit. The acetic acid which is set free does not 
attack the copper immediately, and in consequence there is sufficient time to wash the plates 
before appreciable action has occurred. 

* The alcohol should give no residue on evaporation to dryness. The alcohol should also 
have been distilled over lime. Instead of absolute alcohol, methylated spirit free from mineral 
oil can be used. The methylated spirit is purified by standing in contact with caustic soda for 
a few days, and distilling. Freshly burnt lime is now added to the distillate, and after 
standing 24 hours, the spirit is decanted into a distilling fiask containing some freshly burnt 
lime and redistilled. 

* The ether is supposed to have been distilled over caustic potash. Some omit the ether 
treatment. 


17 
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6. Errors , — If the current density be too high, the deposit may be ‘‘burnt/^ 
In that case, the copper, instead of appearing as a bright red coherent film, is 
coloured more or less brown and appears more or less pulverulent and iion- 
adherent. If the current be acting for too long a time, there is a possibility 
that some of the sulphuric acid may be reduced by the hydrogen liberated at 
the cathode to form hydrogen sulphide. In that case, some copper sulphide 
will be formed and this leads to the development of dark brown spots on the 
copper. Or with nitric acid ammonia may be formed, leading to a spongy 
deposit. 

If arsenic or antimony be present, these elements may be deposited with 
the copper, giving it a dull or even a grey appearance. In that case, the copper 
deposit may be heated to dull redness to volatilise the oxides of arsenic and 
antimony.^ Dissolve the resulting copper oxide in nitric acid and repeat the 
electrolysis. Hollard and Bertiaux say that the addition of a little ferric 
sulphate lessens the danger of precipitating arsenic and the addition of a little 
lead nitrate the deposition of antimony.^ If much arsenic, antimony 
or bismuth ® be present, they should be separated chemically before the 
electrolysis. 

Silver, if present, will be deposited with the copper, and should therefore 
be removed from the solution before the electrolysis, or the metal deposited on 
the cathode can be weighed as “silver + copper.” The mixed metals are then 
dissolved in nitric acid, and the silver determined by the addition of a little 
hydrochloric acid in the usual way. Tin and mercury, if present, may also be 
deposited with the copper. 

In illustration of the results which may be obtained with the process just 
described: — 

Copper taken . . 25*08 25*08 25*08 25*08 percent. 

Copper found . . 25*08 25*05 25*07 25*04 

7. Recording the Results , — The results entered in the note-book will include 
the following data: — 

1. Current pressure : 2-2-2*t5 volts. 

2. Current density: 0-5 amp. 

3. Electrolyte: 1 grm. of copper sulphate with 8 to 10 per cent, of nitric acid, made up 

to 150 c.c. 

4. Foreign salts : no foreign metallic salts were present. 

5. Temperature: 15”-20°. 

6 . Electrodes: stationary. 

Time, 4J hours. 

The weighings were: — 

Cathode and deposit ...... 36*3242 grins. 

Cathode ........ 3^^34 „ 

Copper deposit ...... 0*2508 grm. 

Hence, the sample contained 25*08 per cent, metallic copper. 

8. Cleaning the Deposit from the Electrode — In the case of copper, the deposit 
can be readily removed from the platinum dish by the action of dilute nitric 
acid and subsequent washing with distilled water. 

^ A platinum dish will not stand this treatment for long. 

* For the deposition of antimony with copper, see W. Hampe, Chem, Ztg,^ 16, 417, 1892; 
E. F. Smith and D. L. Wallace, Zeit, anorg, Chem,, 4, 273, 1893; A. Hollard and L. Bertiaux, 
Bull, 80 c. chim,, (3), 31, 900, 1904; H. HOlemann, Zeit, anal, Chem,, 81, 161, 1930. 

* For the effect of bismuth, see A. Classen, Qaantiiative Analyse dutch Elektrolyse, 80, 
123, 1908; Zeit, anorg, Chem,, 4, 234, 1893; E. F. Smith and J. Saltar, ib,, 3, 415, 1893; 
£. F. Smith, ib,, 5, 197, 1894; W. Hampe, Zeit, anal, Chem,, 23, 187, 354, 1874. 
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Electrolysis of Sulphuric Acid Solutions. — It may be desirable to precipitate 
the copper from a sulphuric acid solution free from nitric acid. The deposits 
of copper are not then quite so red in colour as when nitric acid is present. 
Between 7 and 10 per cent. HgSO^ is added, that is, about 4 c.c. per 100 c.c. 
of solution. According to C. Engels, the deposits are better if from 1 to 1*5 
grms. of hydroxylamine sulphate be present.^ About 2*5 volts and a current 
density of 0*5 amp. are used. The best temperature is from 70° to 80°. Between 
1 and 1 J hours are needed for the electrolysis. The process is used when copper 
is to be separated from zinc, cadmium, nickel and less than 0-1 grm. of iron. If 
over this amount of iron — say, up to 0*6 grm. — be present, the electrolysis must 
be conducted at atmospheric temperature. ^ The time needed for the electro- 
lysis is then between 2 and 2\ hours. For an overnight electrolysis, use 
rather less sulphuric acid, 0*5 grm. of hydroxylamine sulphate and a current 
density of about 0*1 amp. 

Electrolysis of Ammoniacal Soluiions.—kdd ammonia to a solution of copper 
chloride containing less than 2 grms. of copper. When the precipitate has re- 
dissolved, add 20-25 c.c. of ammonia (sp. gr. 0-96) for quantities of copper up 
to 0*5 grm., and 30-35 c.c. for quantities up to 1 grm. Add 3-4 grms. of 
ammonium nitrate. If up to 0*5 grm. of copper be present, use a current 
density of 0*5 amp., and so proportionally up to 2 amps, for 2 grms. of copper. 
Time : about 2 hours. If insufficient ammonia be present, a brown non-adherent 
deposit collects on the anode, which falls off and contaminates the cathode 
deposit.® 

Electrolysis of Nitric Acid Solutions. — According to Gilchrist and Gumming,^ 
the deposition is complete, even in the presence of a large excess of nitric acid, 
if sufficient urea be present to destroy all the nitrous acid — 

C0(NH2)2 4- 2HNO2 = 3H2O 4* 2N2 + CO2 


^ A. Classen recommends urea for the same purpose. In that case, some carbon is 
deposited with the copper, and the subsequent correction is troublesome. 

® O. Foerstcr, ZeiL angew. Chem., 19, 1890, 1906. 

» F. Oettel, Chem. Zig., 18, 47, 879, 1894; F. Riidorff, Ber., 21, 3050, 1888. 

* E. Gilchrist and A. C. Gumming, Trans. Faraday Sac., 9, 186, 1913; H. Cloukey, Journ. 
Ind. Eng. Chem., 6, 1266, 1914. 

For the electro-analysis of copper, see S. C. Schmucker, Zeit. anmg. Chew., 5, 199, 
1894; F. Foerster and O. Seidel, ib., 14, 106, 1897; J. Siegrist, ib., 26, 273, 1901; E. B. 
Spear, C. Chow and A. L. Chesley, Eighth Inter. Cong. App. Chem., 21, 93, 1912; E. P. 
Schoch and D. J. Brown, ib., 21, 81, 1912; J. G. Fairchild, Met. Chem. Eng., ii, 380, 1913; 
E. P. Koepping, ib., 14, 441, 1916; E. Keller, Bull. Amer. Inst. Min. Eng., 2093, 1913; 
B. Koch, Chem. Ztg., 37, 873, 1913; G. WegeUn, ib., 37, 989, 1913; W. Theel, ib., 39, 179, 
1915; C. Lind, ib., 37, 1372, 1913; Report, Journ. Ind. Eng. Chem., 7, 546, 1915; M. Nakao, 
Joum. Pharm. Boc. Japan, 666, 1915; J. Guzmdn and J. Sanz, Ann. Soc. Esp. Ph. Ch., 13, 
289, 1915; Ann. Fis. Quim., 13, 289, 1915; J. Guzman and T. Batuecaa, ib., 14, 38, 1916; 
J. Guiteras, ib., 17, 209, 1919; J. Guzman and A. Kancaho, ib., 27, 269, 1929; F. G. Hawley, 
Eng. Min. Journ., Z02, 307, 1916; no, 162, 1920; D. Nishida, Joum. Chem. Soc. Japan, 26, 
1257, 1923; A. T. Etheridge, Analyst, 49, 371, 1924; J. Lukas and A. Jflek, Chem. Lisiy, 18, 
378, 1924; 20, 18, 1926; W. Moldenhauer, Zeit. angew. Chem., 39, 454, 1926; R. A. F. 
Hammond Joum. Inst. Metals, 37, i, 268, 1927; E. B. Holland and G. M. Gilligan, Ind. Eng. 
Chem., 20, 533, 1928; E. Philippi and F. Hernler, Mikrochem. Emich Festschr., 241, 1930; 
T. L, Kelly and J. J. Molloy, Joum. Amer. Chem. Soc., 53, 1337, 1931; G. Galfaian, Zeit. 
anal. Chem., 99, 32, 1934; W. L. Miller, Ind. Eng. Chem. Andl. Ed., 8, 431, 1936. 
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CHAPTER XX. 


THE ANALYSIS OF GLAZES, GLASSES, ENAMELS 
AND COLOURS. 

§ 12 1. The Selection of the Sample. 

The glaze to be analysed may be — partly or wholly — raw or fritted.^ In the 
latter case, the method of analysis is the same as for glasses, enamels and frits. 
Again, if a fired glaze be in question, itis usually necessary to chip the glaze from 
the body with a chisel and hammer. In that case, it is impossible to prevent 
part of the body being analysed with the glaze, because (1) the glaze while being 
fired dissolves some of the constituents of the body; and (2) the mechanical 
separation of chippings of the glaze from the body, even under a good lens, is 
laborious and unsatisfactory.^ In the case of iron enamels, the analysis will 
include part of the intermediate flux between the enamel and the metal.® To 
remove a glaze or enamel from a body, de Luynes ^ recommends roughening 
the surface of the glaze with emery or carborundum paper or a file, and coating 
the roughened surface with wet glue. The glue is dried and baked in an air 
bath. During the drying, the glue sometimes drags part of the glaze or enamel 
from the body. The glue can be removed by means of boiling water and the 
fragments washed on a filter-paper. 

As a rule glazes contain silica, boric oxide, alumina, ferric oxide, lime, 
magnesia, lead oxide and alkalies.® There may also be present tin oxide, baryta, 
phosphoric and sulphuric oxides, and fluorine. In special cases, zirconia, 
antimony and arsenic may be present. In the case of colours, zinc, chromium, 
cobalt, nickel, manganese, copper, bismuth, cadmium, titanium, uranium, 
molybdenum and gold may be found. The last six elements named are rare.® 
Selenium is occasionally found in clear glasses and frits. The general scheme 
for the separation of the more common elements is as follows: — 

I. Hydrogen sulphide group, 

(1) Copper group , — Insoluble in sodium sulphide — e,g, copper, lead, 

bismuth, cadmium. 

(2) Arsenic group , — Soluble in sodium sulphide — e,g, arsenic, anti- 

mony, tin. 


^ An examination of the constituents removed by treatment with dilute acids and the 
determination of the carbon dioxide and water, will often furnish valuable data for recon- 
structing such glazes from the analysis. 

* The interpretation of the analysis is then more or less obscure and vague. 

* Fragments of iron may be removed with a magnet. 

* V. de Luynes, Compt, rend,, 134, 480, 1902. 

^ Along with carbon dioxide and combined water with raw and partially fritted glazes. 

® Molybdenum, gold, silver, iridium, rhodium and platinum are extremely rare. Tungsten 
is rare, although traces are common enough in tin glazes. It is introduce as an impurity 
with the tin oxide, and its presence is not always objectionable. 

263 
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II. Ammonia group or basic acetate group — e.g, aluminium, iron, titanium, 
chromium. 

III. Ammonium sulphide group — e.g. zinc, manganese, cobalt, nickel. 

The treatment when the rarer elements are present is discussed later. The 
boric oxide is determined on a separate sample by the methods described later. 
We will first discuss the metals precipitated by hydrogen sulphide in acid 
solutions and follow by a discussion of the processes required when zirconium, 
manganese, uranium, cobalt, nickel, chromium, zinc, etc., are present. In any 
case, the given sample is ground to a fine powder ^ (page 103).^ 


§ 122. Opening ” the Sample. 

The method to be used for the analysis of a glaze is determined by the result 
of the qualitative analysis. The colour of the glaze is often a good indication 
of the colouring oxide present. If the glaze contains unfritted white or red 
lead, a preliminary digestion with dilute acetic, hot hydrochloric or nitric acid 
will remove the lead. The insoluble residue is fused ® with sodium carbonate 
(as indicated page 144), and the fused mass digested with, say, dilute nitric acid. 
The solution may be added to that obtained by the preliminary digestion with 
nitric acid. 

If all or part of the lead be fritted, and the frit is not completely decomposed 
by digestion with these acids, ^ another procedure must be followed. The frit 
can be fused in a platinum crucible provided an oxidising atmosphere is rigidly 
maintained in the interior of the crucible. If tin oxide be present, it will 
dissolve slowly in the molten sodium carbonate. 

Fusion with Sodium, Hydroxide or Peroxide. — An enamel, glaze or glass 
containing antimony,® arsenic or tin oxide can sometimes be conveniently heated 
with eight to ten times its weight of sodium hydroxide ® (or sodium peroxide) 
in a silver or nickel crucible at a dull red heat until the mass is fused. Dissolve 
the fused mass, when cold, in a little water or dilute hydrochloric acid. The 
objection to the use of caustic alkalies is their tendency to froth over, and the 


^ Note, finely powdered glass and similar materials are almost universally hygroscopic — 
E. T. Allen and E. G. Zies, Journ. Amer. Ceram. Soc., i, 739, 1918. 

* For general analyses of ores and minerals, see W. K. 8 choeIler, Analyst, 40 , 90, 1915; 
Thiirmer, Olashiitte, 61 , 833, 1931; for glasses, L, Ronnet, A7in. Falsif., ii, 26, 19i8; R. 
Schmidt, Sprechsaal, 57 , 240, 1924; G. A. Kali, ib., 59 , 510, 1926; W. H. Withey, Joum. 
80c. Olctss Tech., ii, 124, 1927; V. Dimbleby, t 6 ., ii, 153, 1927; .1. D. Cauwood, J. H. David- 
son and V. Dimbleby, ib., 12 , 7, 1928; W. Singleton and R. C. Chirnside, ih., 12 , 18, 1928; 
G. E. F, Lundell and H. B. Knowles, Jfmm. Amer. Ceram. 80c., 10 , 829, 1927; E. C. Sullivan 
and W. C. Taylor, Journ. Ind. Eng. Chem., 6 , 897, 1914; G. E. F. Lundell, ib., 25 , 853, 1933; 
for glass sands. Glass Standards Committee, Joum. 80c. Glass Tech., 19 , 26, 1935. 

^ Care must be taken in using a platinum crucible when metallic oxides and salts are 
present, or the crucible may be attacked during the sodium carbonate fusion. 

* For the joint effect of acids and a metal like zinc, see T. Moore, Chem. News, 67 , 267, 
1893. 

® For the volatilisation of antimony during the fusion with sodium carbonate, see H. N. 
Warren, Chem. News, 67 , 16, 1893. 

* A “pinch” of powdered wood charcoal — quarter gram — accelerates the decomposition 
of tin oxides, cassiterite, etc. The solution of the cassiterite will be complete in three or four 
minutes, but the heating is continued a little longer in order to bum off the carbon-^. A. 
Burghai^t, Chem. News, 6 x, 260, 1890; Proc. Manchester Lit. Phil. 80c., (4), 3 , 171, 1890; 
A. Gilbert, Zeit. offent. Chem., 16, 441, 1910. This process also works well with chrome iron 
ore, wolframite, etc. H. T. Loram (Proc. Chem. 80c., 27 , 60, 1910) recommends fusing the 
“tin ore” in a silver crucible, with six or seven times its weight of potassium ^droxide, and 
its own weight of potassium cyanide. Extract the cold mass with water. &BSolve all in 
dilute hydrochloric acid. Boil to expel cyanogen compounds. 
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time necessary for the solution of the powder.^ The following is the best way 
of conducting the operation : — The crucible ^ is placed in a circular hole cut in 
a sheet of asbestos millboard, so that the crucible when pressed tightly into 
the aperture projects on the upper side about a quarter of an inch. The lid 
of the crucible is tapped on an agate mortar with a round-faced hammer, so 
that the lid fits the crucible with its convex side downwards. Any portions 
projected from the melting mass on the under side of the lid travel to the 
centre of the lid and drop back into the crucible. A single Bunsen burner 
will heat a small charge to a dull red heat. This usually suffices for the decom- 
position. The mouth of the crucible is kept cool and the fused salt does not 
creep over the edges of the crucible. The results are usually excellent. A 
similar remark applies to the fusion with sodium peroxide as described for 
chromite,® page 527. 

The heat required for the decomposition may be furnished by a reaction 
between the sodium peroxide and the organic matter of the substance ^ under 
investigation or organic matter purposely added.® When starch and organic 
matter are used the fusion does not usually proceed quietly but is attended by 
slight explosions which project the fused mass on the sides and lid of the crucible. 
Walton and Scholz ® observed that the fusion is much quieter if zinc sulphide 
be substituted for the starch, and Parr ^ found that the addition of a small 
amount of potassium persulphate led to better fusion and more complete 
decomposition. Suppose a lead frit be under investigation. The operation 
is conducted as follows : -- 

A round-bottomed nickel crucible about 30 c.c. capacity and 4 cm. in 
diameter is charged with 8 grms. of powdered sodium peroxide; 0*5 grm. of 
the finely powdered (200’s lawn) frit; (say) 1*2 grm. of finely powdered zinc 
sulphide; and 0*3 grm. of potassium persulphate.® Each constituent mu.st be 
quite dry ® and all thoroughly mixed by stirring with a warmed glass rod. 
Partial mixing means partial decomposition. The rod is brushed clean. The 
crucible is placed in a dish of cold water, taking care to keep the inside of the 

^ Cassiterite may take 45 to 60 minutes — E. S. Simpson, Chern. News, 99 , 243, 1909; 
W. B. Giles, ib,, 99 , 1, 25, 1909; J. Gray, Jourti. Chern. Mei. Sttr. S. Africa, 10 , 312, 1910; 
H. Milou and R, Fouret, Int. Cong. App. Chern., 8 , i, 373, 1912; J. M. Henderson, En^. Min. 
Journ., 103 , 267, 1917. For sintering with lime, H. W. Hutchin, Inst.. Min. Met., 23 , 268, 
1914; S. Tamaru and N, Ando, Zeit. anal. Chern., 84 , 89, 1931. 

* Nickel crucibles are recommended for the determination of metals precipitated by 
hydrogen sulphide in acid solutions — ^tantalum, columbiuni, tin, etc.; silver crucibles for 
the determination of silica, alumina, iron, manganese, cerium, etc. According to G. Scarpa 
{AUi Acmd. Lincm, (5), 24 , i, 738, 955, 1915), silver crucibles are attacked more rapidly by 
potassium hydroxide than by sodium hydroxide; at moderate temperatures the attack is 
less if oxidising agents are absent. For iron crucibles, see Noaillon, Bull. 80 c. chim. Belg., 
28 , 212, 1914. Cf. Note 2, page 528. 

* J. Barroch and C. A. Meiklejohn, Eng. Min. Journ., 82 , 818, 1906; H. Angenot, Zeit. 
an^ew. Chern., X 7 , 1274, 1904. For opening copper pyrites by fusion with six times its weight 
of potassium persulphate, see L. Majewski, Kosmos, 35 , 597, 1910. 

^ S. W. Parr, Journ. Amer. Chern.. 80 c., 22 , 646, 1900; 30 , 764, 1908 (coal in a steel bomb); 
H. H. Pringsheim, Amer. Chern. Journ., 31 , 386, 1904; Ber., 36 , 4244, 1903; 37 , 2155, 1904; 
38 , 2436, 1906 (halogens, arsenic and phosphorus in organic compounds with a steel bomb). 

* F. von Konek, Zeit. angew. Chern., 17 , 771, 1904; F. von Konek and A. Zdhls, ib., 17 , 
1093, 1904; H. H. Pringsheim, ib., 17 , 1454, 1904. 

• J. H. Walton and H. A. Scholz (Amer. Chern. Journ., 39 , 771, 1908; Chern. News, 

61, 76, 1908) used zinc sulphide either alone or mixed with iron pyrites — W. B. Pollard, ib., 
98 , 21 1 , 1908. There are many oases where the presence of zinc and sulphur is not particularly 
objectionable; in other oases such additions would present insuperable objections. 

’ S. W, Parr, Journ. Amer. Chern. 8qc., 24 , 167, 1902. 

• If lead be present it will be found associated with the silica as lead sulphate. 

• The mixture is so easily “ignited” that if any moisture be present, the heat evolved by 
the reaction with sodium peroxide suffices for the decomposition of the silicate. 
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crucible dry. The cover is placed on the crucible a little to one side, so that a 
piece of lighted magnesium ribbon,^ just over 1 cm. long, may be dropped into 
the crucible, and the cover placed in position immediately the mixture ignites. 
When the mass has cooled a little, about a minute after ignition, place the 
crucible in a clean evaporating basin, cover with a clock-glass and add about 
100 c.c. of cold water. When the violence of the reaction is over, the solution 
can be acidified with hydrochloric acid and the silica determined by two 
evaporations in the usual manner. 

For comparison purposes, two samples of a frit treated by the standard 
process gave 30*06 and 30-04 per cent, of silica and two samples of the same 
frit, treated by the process just described, gave 29-98 and 30-06 per cent, of 
silica. The principal advantages of the method now under discussion are: 
(1) the vessel in which the decomposition occurs is much less attacked than 
usual — thus, an 18-gram crucible lost nearly 0-34 grm. in 16 fusions; * and (2) 
the whole process occupies but a few minutes. The mixing, ignition, cooling 
and dissolution of the melted mass can be done in about 5 minutes. 

The method can be advantageously used for clays, galena,® lead glazes, lead 
slag:> monazite sand, etc. If much titanium be present, a preliminary fusion 
with potassium bisulphate and leaching with water is recommended before the 
sodium peroxide fusion for tin.^ The decomposition with basic substances like 
chromite, franklinite and bauxite is not satisfactory. If the presence of iron be 
not objectionable, chromite and franklinite can be completely decomposed by 
substituting 2-0 grins, of iron pyrites and 0-3 grm. of magnesium powder in 
place of the 1-2 grins, of powdered zinc sulphide. If the iron be objectionable, 
some other method of decomposition must be used. A similar remark applies to 
the addition of zinc sulphide.® 

Reduction Process . — In the case of glazes containing tin oxide, it is some- 
times advisable to subject the finely divided and dried material to a preliminary 
heating in a reducing atmosphere, as recommended by Wells,® in order to 
convert the oxide to metallic tin soluble in hydrochloric acid. The powdered 
material may or nfay not be first digested in hydrochloric acid and dried. A 
thin layer of the dried material is spread on the bottom of a porcelain boat — 
about 7 cm. long and 1 cm. broad. The boat is weighed, as usual, before and 
after the addition of the powder.’ The boat is placed in a hard glass tube — 
about 30 cm. long and 2 cm. wide — the tube being drawn out at the end A, 


^ A piece of twine about 2 cm. long, soaked in alcohol, may be used when the introduction 
of magnesia is not desired. 

* For the losses with direct fusions, see page 144. 

* The galena is itself oxidisable (combustible) and the proportion of zinc sulphide may be 
accordingly reduced. Thus the charge for galena may be: 0-5 grm, powdered ( 200*8 lawn) 
ore; 8*0 grms. of sodium peroxide; 0*8 grm. zinc sulphide; 0*3 grm. potassium persulphate. 
Sulphuric acid is used for neutralising the alkaline solution and sufficient acid to make 
about 2 per cent, excess H^SO^ is added. Sodium bisulphite is added to reduce the lead 
peroxide and the solution boiled 5 minutes to get rid of the sulphur dioxide. The lead 
sulphate can then be determined gravimetrically or volumetrically (molybdate process). 
The trial experiments were quite satisfactory. 

* E. A. Wraight and P. L. Teed, Inst. Min. Met., 23 , 280, 1914. 

^ Unless some other sulphide be available. 

* J. S. Wells, School Mines Quart., 12 , 295, 1891; Joum. Amer. Chem. Soc., 20 , 687, 
1898; Chem. News, 64 , 294, 1891; M. W. lies, ib., 50 , 194, 1884; 85 , 179, 1902; A. Hilger 
and H. Haas, ib., 63 , 195, 1891; Ber., 23 , 458, 1890; J. A. Mtiller, Bull. Soc. chim., (3), 
25 , 1004, 1901; Chem. News, 85 , 147, 1902; W. Hampe, Chem. Zig., 11 , 19, 1887; H. W, 
Hennie and W. H. Derrick, Joum. Soc. Chem. Ind., 11 , 662, 1892; G. L. Mackenzie, Trans. 
Inst. Min. Met., 13 , 87, 1903; H. Rose, Pogg. Ann., 112 , 163, 1861; C. Pirlot, BuU. fed. ind. 
Chim. Belg., 5 , 281, 1926; N. 1. Matveev, Zavodskaza Lab., 5 , 736, 1936. 

’ The boat funnel of Stoltzenberg is convenient for filling boats with powder. 
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fig. 84, The wide end of the tube is connected by means of a perforated stopper 
with a wash-bottle and a Kipp’s hydrogen apparatus; the opposite end of the 
tube is allowed to dip in a beaker containing dilute hydrochloric acid (1: 10), 
The hydrogen is passed through the wash-bottle^ — about two bubbles per second. 
When the air has been expelled from the tube, the gas jet ^ is lighted, and 
arranged so that about 15 cm. of the tube, in the neighbourhood of the boat, 



Fio. 84. — Opening Lead and Tin Silicates by a Preliminary Reduction. 

is heated to a dull redness ® for three or four hours. The boat is allowed to 
cool while the current of gas is still passing.* When cold, transfer the contents 
of the boat ® to a 400 c.c. beaker and treat the mass with 100 c.c. of hydro- 
chloric acid with a few drops of nitric acid in order to convert the stannous into 
stannic chloride. Let the vessel stand in a warm place until the action has 
subsided. Boil 3 minutes. Dilute with an equal volume of hot water and filter 
through a hot-water funnel (page 333). Ignite the filter-paper and contents 
and fuse ® the residue with four or five times its weight of sodium carbonate and 


^ That shown in the diagram is J. Habermann’s {Zeit, amtL Chem.y 24, 79, 1883). 

* A Weston’s cap on an ordinary Bunsen burner is very convenient for this purpose, as 
shown in the diagram. 

* The reduction of the tin oxide begins about 170°; lead oxide about 310° — W. Miiller, 
Pogg. Ann,, 107, 136, 1869. H, Haas {UeMr die quantitative Trennung des Zinns und Titans, 
Erlangen, 1890) separates tin from titanium by calcination of the mixture in a current 
of hydrogen, whereby tin alone is reduced to the metal and is subsequently dissolved by 
treatment with hydrochloric acid. 

* Coal-gas may be used, but the sulphur compounds, present in coal-gas, may form 
volatile sulphides with some of the constituents of the powder. 

* The boat should not be heated high enough to vitrify the powder. 

* It is not safe to assume that all the reducible oxides have b^,n reduced to the metal and 
dissolved in the acids. A second treatment with the gas or fusion of the residue, as described 
in the text, is sometimes advisable. 
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a gram of sodium nitrite in a platinum crucible. Take up the cold mass with 
hydrochloric acid and a drop of nitric acid. Mix the solution with that derived 
from the digestion of the ‘‘reduced” glaze with hydrochloric acid. Evaporate 
the solution to dryness for the separation of the silica (page 147). Nitric acid 
is sometimes preferred to hydrochloric acid to avoid dealing with the sparingly 
soluble lead chloride. If nitric acid be used with tin and antimony glazes, 
metastannic and antimonic acids will contaminate the silica.^ If tin and lead 
be associated with the silica, alumina, magnesia, etc., precipitate the tin and 
lead as sulphides, as described below. 

Fusion mih Potassium Cyanide. — If tin and phosphorus be present, the silica 
may be contaminated with a metastannic phosphate (possibly 2 Sn 02 . l^Og).^ 
In that case, the residue left after the ignition of the silica is treated with 
hydrofluoric acid to drive off the silica. After weighing, the residue is fused 
with at least three times its weight of 'pure potassium cyanide,^ free from 
sulphides, in a porcelain crucible. If the crucible be rotated and tapped while 
hot, the separate beads of tin will unite to form a larger bead. When cold, 
extract with water, filter and wash the bead of metallic tin. The bead can be 
weighed as metal or dissolved in hydrochloric acid and added to the main 
solution. The difference between the weight of the tin calculated to SnOg and 
the weight of the “silica residue” may be taken as phosphoric oxide — P 2 O 5 . 
Or the filtrate from the tin can be boiled under a good hood with hydrochloric 
acid until the fumes of the highly poisonous cyanogen compounds have been 
driven off. Evaporate the solution to a small volume, and precipitate the 
phosphorus as usual (page 672).^ 

The objection to this process turns on the fact that some tin may be lost 
owing to the formation of soluble alkali stannates. According to Bloxani,® if 
the potassium cyanide contains sulphide, an insoluble tin sulphide or a soluble 
thiostannate may be formed. If tungsten be present, it will be found in the 
solution as alkali tungstate. 

Fusion with Sodium Carbonate and Sulphur. — According to Miller,® the 
hydrogen reduction for the determination of tin in, say, cassiterite, gives low 
results, and he prefers Rose’s process by fusion with sulphur and sodium 
carbonate. This Hoffmann conducts in the following manner : — Intimately mix 
0*5 grm. of the sample with 3 grms. of a mixture of equal parts of sodium 


^ In that case, drive off the silica with hydrofluoric acid, and fuse the residue with sodium 
carbonate. Add the acid solution of the fusion to the main solution. 

* If arsenic be present, a water-insoluble metastannic arsenate soluble in hydrochloric acid 
may be formed. 

* Unless the cyanide is pure, there is apt to be a loss of tin. Apparently alkali stannite 
or stannate is formed by interaction between the stannic oxide and the potash resulting 
from the hydrolysis of the cyanide. 

* H. Rose, Pogg. Arm., no, 425, 1860; F. Oettel, Chem. Ztg., 20 , 19, 1896; J. A. Miiller, 
Bull. Soc. chim., (3), 25 , 1004, 1901. The potassium cyanide fusion can also be used for 
separating the metals reduced by this agent — H. W. Rennie and W. H. Derrick, Journ. Soc. 
Chem. Ind., ii, 662, 1892; T. Moore, Chem. News, 67 , 267, 1893; H. Y. Loram, Proc. Chem. 
80 c., 27 , 60, 1912. 

® C. L. Bloxam, Journ. Chem. 80 c., 18 , 97, 1865. 

* E. H. Miller, Journ. Anal. App. Chem., 6 , 441, 1892; H. Rose, Ausfiihrliche^ Hand- 
buck der analytischen Chemie, Braunschweig, 2 , 286, 1851; H. O. Hoffmann, Berg. Hutt. Zig., 
49 , 342, 350, 357, 1890; Chem. News, 62 , 167, 1890; Tech. Quart., 3 , 112, 261, 1890; F. Becker, 
Zeit. aruil, Chem,, 17 , 185, 1878; J. Mitchell, Manual of Assaying, London, 481, 1881; J. F, C. 
Abelspies, Trans. Inst. Min. Met., 13 , 99, 1903; H. W. Rennie and W. H. Derrick, Journ. 
Soc. Chem. Ind., ii, 662, 1892; E. D. Campbell and E. C. Champion, Ind. and Iron, 267, 
1898; O. Beck and H. Fischer, School Mines Quart,, 20 , 372, 1899; Chem. News, 80 , 269, 
1899 (comparison of methods); L. Medri and C. Gastaldi, Bolt. chim. farm,, 48 , 893, 1910; 
A. Thflrmer, Zeit. anal Chem., 73 , 196, 1928. 
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carbonate and sulphur ^ in a 30 c.c. porcelain crucible which, in turn, 
is placed in a larger porcelain crucible and this in a graphite crucible which 
has a layer of calcined fireclay spread on the bottom, so that the top of the 
middle crucible is nearly on a level with the top of the graphite crucible.^ The 
whole is then heated in a crucible furnace for about 1-1 J hours at a red heat. The 
cold mass is treated with hot water. The tin dissolves as sodium thiostaimate ® 
along with some copper and iron. The latter will be precipitated by the 
addition of sodium sulphite to the deep brown liquid.'* Filter, wash with water 
containing sodium sulphite in solution, and finally with water containing 
hydrogen sulphide in solution. The precipitate contains iron, copper and lead. 
The solution contains arsenic, antimony and tin. These can be separated as 
described below. The objection to this process turns on the fact that it is 
tedious and dirty, particularly if a re-fusion be necessary. In recent years it 
has been displaced by the peroxide fusion. 

Hydrofluoric Acid Process . — The problem with enamels and coloured glazes 
is often very difficult, since many metals of both the second and third groups 
may be present. If tin, bismuth, antimony or arsenic be present, the hydro- 
chloric acid evaporation for silica may cause an appreciable loss by volatilisation 
of the chlorides.^ It may then be advisable to make a special decomposition for 
metals precij)itated by hydrogen sulphide in an acid solution. This is often 
done with hydrofluoric acid,® although there is still a danger of losing antimony 
as fluoride. Two grams of the ini])alpable powder are treated with about 20 c.c. 
of concentrated hydrofluoric acid (40 per cent.) and an equal volume of hydro- 
chloric acid or nitric acid in a platinum dish, and the solution taken nearly 
to dryness.'^ If the residue ® does not dissolve easily in hydrochloric acid, filter 
off the insoluble portion and reduce it in coal-gas, as indicated above; or fuse 
with sodium carbonate. Take up the cold cake with hydrochloric acid and add 
the solution to the main filtrate. Separate the metals of the hydrogen sulphide 
group as indicated below. 

§ 123. The Behaviour of Metals of the Hydrogen Sulphide Group 
in the Silica Determination. 

V olatilisaiion of the Chlorides. 

Care must be taken in boiling solutions — e.g. in the evaporation for silica — 
containing chlorides of arsenic, antimony, tin, bismuth and mercury, since serious 
losses may occur by the volatilisation of the chlorides. Arseiiious chloride, 
that is, arsenic trichloride, volatilises at 130®; antimony trichloride at 223®; 


* H. Rose’s flux is a mixture of equal parts of sulphur and sodium carbonate. Chauvenet 
substituted potassium carbonate for the sodium carbonate. A. Froehde {Pogg. Ann., 119 , 
317, 1875) and E. Donath {Zeit. anul. Chem., 19 , 23, 1880) prefer powdered sodium thio- 
sulphate, wluch has previously been fused in order to remove the water. L. Bertiaux (Ann. 
Chim, anal., 18 , 217, 1913) recommends fusing with a mixture of sodium carbonate and 
sodium sulphide. F. F. Gorlick, Ertg. Min. Journ., 102 , 327, 1916. 

* The object is to cut off the supply of air, otherwise decomposition will be incomplete. 

* Gritty particles insoluble in water show that the action was not complete. In that 
case, filter, wash, dry and repeat the treatment with the residue. 

* Containing sodium polysulphide, which dissolves some iron and copper sulphides. 
Sodium sulphite changes sodium polysulphide to sodium monosulphide, in which iron and 
copper are practically insoluble. 

® T. M. Drown and G. F. Eldridge, Tech. Qtiart., 5 , 136, 1893. 

* H. N. Warren, Chem. News, 67 , 16, 1893. For opening up glasses with hydrofluoric 
and oxalic acids, see E. C. Sullivan and W. C. Taylor, Joum. Ind. Eng. Chem., 6 , 897, 1914. 

’ Watch the hydrofluoric acid for “lead” impurity. 

* A bluish residue indicates tungsten. 
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and stannic chloride at 1 But these compounds volatilise at a much lower 
temperature in steam. 

(1) Tin . — Concentrated solutions of stannic chloride in the presence of 
hydrochloric acid (20 per cent.) lost, during 20 minutes’ boiling at 107°, nearly 
0*0014 gnu. of SnCl 4 . A solution of stannous chloride — SnClg — in hydro- 
chloric acid can be evaporated to dryness without appreciable loss. Hence 
the evaporation of stanniferous glazes, without arsenic and antimony, is best 
made in the presence of a reducing agent. 

(2) Antimony . — A solution of antimony trichloride — SbC'!!^ — in hydrochloric 
acid (20 per cent.) may be heated to 110° without serious loss, but an appreci- 
able quantity is volatilised at higher temperatures. Antimony trichloride is 
not so volatile under these conditions as stannic chloride. Antimony penta- 
chloride, in hydrochloric acid (20 per cent.) solution, may be evaporated to 
dryness with a negligibly small loss. If, however, a mixture of stannous 
chloride and antimony pentachloride be heated, the latter will be reduced and 
the former oxidised to the more volatile chlorides. According to Hoffmann, 
the addition of, say, 12 grins, of potassium chloride ^ retards the volatilisation 
of these chlorides and permits their solutions to be evaporated without appre- 
ciable loss. 

(3) Arsenic . — Arsenious chloride — AsCl^ — and arsenious salts in solutions 
containing hydrochloric a(;id are volatilised during evaporation and boiling in 
comparatively large quantities, but the arsenic salts can be evaporated to 
dryness with no appreciable loss. Hence the evaporation of antimonical and 
arsenical solutions is best made in the presence of an oxidising agent.^ 

(1) Mercxiry . — When 30 c.c. of aqueous 0*1 to 1*0 per cent, solutions of 
mercuric chloride were distilled, Minozzi ^ found that when half the liquid had 
distilled over, the distillates contained from 0*00025 to 0*0022 grm. of mercuric 
chloride. The greater the concentration of the solution, the greater the loss by 
volatilisation. The error introduced into an analysis, under these conditions, 
may amount to 0*2 per cent. Similar results were obtained in the presence of 
hydrochloric and phosphoric acids, and sodium chloride. 


Separation of Insoluble Constituents with the Silica. 

The silica residue may be very complex. Insoluble tin phosphates, tin 
arsenates, antimony and bismuth compounds ^ may separate with the silica. 
The determination of the silica is therefore liable to error. In view of these 
difficulties, it is better to determine the members of the hydrogen sulphide 
group on a separate sample by, say, the hydrofluoric acid process of decom- 
position, page 269. With the portion in which the members of the hydrogen 
sulphide group are not being determined, losses during the evaporation for silica 
and after the silica has separated may be neglected. In the analysis of stan- 
niferous slags, containing tin in addition to the usual constituents of clays, 
Bailey ® evaporates the solution from the sodium carbonate fusion to dryness 


^ M. Hoffmann, Beitrdge zur Kenntnis der analytiftcheM Chemie des Zinns, ArUimonSf und 
Arsens, Berlin, 10, 1911. 

® J. I. D. Hinds, Inier. Cong. App. Chem., 8, 227, 1912; Journ. Amer. Chem, Soc., 34, 
811, 1912; B. J. Smart and J. T. Philpot, Joum, Soc. Chem. Ind.^ 33, 900, 1914. 

* A. Minozzi, Boll. chim. farm., 43, 745, 1904; E. Esteve, Chem. Ztg., 35, 1152, 1911; 
P. Bohrisch and F. Ktirschner, Pharm. Ceniralhalle, 52, 1367, 1911; M. Svave, Giom. Farm. 
Chim., 50, 433, 1900. 

* Also tungsten, columbium and tantalum compounds, if these elements be present. 

* H. Bailey, Chem. News, 73, 88, 1896. 
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with 20 c.c. of concentrated nitric acid and boils the residue with 20 c.c. of 
concentrated hydrochloric acid.^ The insoluble residue of stannic oxide and 
silica is mixed with an equal volume of water; two sticks of zinc — about 2| 
cm. long — are placed in the mixture and the whole is allowed to stand in a 
warm place for some time. Carefully scrape oif any adherent spongy tin from 
the sticks of zinc; filter and wash the tin and silica and transfer the insoluble 
mixture back from the filter-paper into the dish. Add 10 c.c. of concentrated 
hydrochloric acid and a few drops of nitric acid,^ and warm the mixture until 
the silica appears white. Dilute the solution, filter and wash. The silica and 
tungsten oxide will be found on the filter-paper; ® the tin in the filtrate. 

Dott ^ separates stannic oxide from the silica by heating the mixture with 
three or four times its weight of hypophosphorous acid over a Bunsen flame 
for about 30 minutes. The tin is converted into a stannous ])hosphate soluble 
in warm hydrochloric acid. The silica is not afiected by this treatment and 
can be filtered off. 


§ 124. The Theory of Precipitation by Hydrogen Sulphide. 

The terms “soluble” and “insoluble” are purely relative. With increasing 
refinements in the methods of measurement, the list of substances insoluble in 
a given solvent becomes shorter and shorter. Many substances once said to be 
“insoluble” in a given solvent are known to be appreciably soluble. It is all a 
question of delicacy of measurement. Hence some leap beyond the domain of 
demonstrated fact, and say, “No substance is perfectly insoluble in water.” 

The method of classifying certain elements into two groups — those which 
form soluble and those which form insoluble sulphides in hydrochloric acid — 
frequently conveys wrong ideas of the properties of the sulphides. The 
solubility of the sulphides depends upon the concentration of the acid. For 
instance, if hydrogen sulphide be passed into 5 c.c. of a solution of 2 grms. of 
tartar emetic in 15 c.c. of hydrochloric acid (sp. gr. 1*175) and 85 c.c. of water,^ 
antimony sulphide will be precipitated, but not if 12 c.c. of hydrochloric acid 
with no further addition of water had been used. In the one case, the reaction 
may be represented 2SbCl3 -f-SHgS^SbgSg + 6HC1; and, in the second case, 
85383 -t-6HCl=3H2S -f 2SbCl3. In other words, the antimony sulphide, in the 
second case, is decomposed as fast as it is formed. Similarly, no lead will be 
precipitated by hydrogen sulphide from a solution containing over 3 per cent, 
of hydrochloric acid (HCl), and if the solution has 2*5 per cent, of acid, the 
lead will be imperfectly precipitated: part will be precipitated and a certain 
proportion of sulphide will be decomposed as fast as it is formed and thus 
remain in solution. Similarly a 5 per cent, boiling solution of hydrochloric 
acid will prevent the precipitation of cadmium.® 


^ There is no danger of losing tin, because it is here insoluble, 

* Just suflicient to oxidise the tungsten, if any be present. 

* Separate by the ammonia process, page 443. 

* D. B. Dott, Pharm, Joum., 81 , 585, 1908. 

‘ The solution of tartar emetic will keep a couple of hours. 

* M. Martin, Journ, prakt, Ckem.^ ( 1 ), 67 , 374, 1856; C. C. Hutchinson, Phih Mag.y (5), 
8 , 433, 1879; Chem^ News, 41 , 28, 1880; W. Manchot, Zeit anal, Chem., 67 , 177, 1925. In 
separating cadmium from zinc by hydrogen sulphide in an acid solution, some prefer to 
precipitate most of the zinc with the cadmium and then digest the precipitate in a solution 
containing about 5*5 per cent, of hydrochloric acid without heating, but with vigorous 
agitation. It is claimed that the zinc passes into solution and the excess of hydrogen stdphide 
in the solution prevents the solution of the cadmium. 



A TEBATISB ON CHEMICAL ANALYSIS, 


272 


If, then, a metallic sulphide be treated with hydrochloric acid, hydrogen 
sulphide and a metallic chloride will be formed : 

RS + 2HCl=?-^^R0l2 + H2S 

Conversely, when a metallic chloride in aqueous solution is treated with 
hydrogen sulphide, the metallic sulphide and hydrochloric acid are produced: 

RCl2 + H2S:^=^RS-f2HCl 

Hydrochloric acid thus accumulates in the solution as the action goes on. After 
the hydrochloric acid has attained a certain concentration, any more sulphide 
produced will be decomposed by the acid. There are thus two simultaneous 
reactions going on: (1) the formation of sulphide and hydrochloric acid; 
and (2) the formation of chloride and hydrogen sulphide. In further illustra- 
tion, if a current of hydrogen sulphide be passed through a saturated solution of 
zinc chloride, part of the metal is precipitated ; but when the hydrochloric acid 
has attained a certain concentration, the action apparently ceases because the 
reverse change sets in. Hence the precipitation of the zinc as sulphide will be 
incomplete.^ Similar remarks apply for the other metals. 

We can get more precise ideas than this. Take the case of lead chloride : 

PbClg + HgS PbS + 2HC1 


When equilibrium is established,^ the solution contains lead chloride, hydrogen 
sulphide and hydrochloric acid. If bracketed chemical symbols be used to 
represent the concentration (gram-molecules per litre) of the respective com- 
pounds in solution^ the law of mass action ® requires that the product of the con- 
centration of the given chloride and concentration of the hydrogen sulphide, 
divided by the square of the concentration of the hydrogen chloride, shall always 
have the same value. ^ In symbols, for equilibrium, we have 

(PbCl2Jx[H2S] ^ , 

-fncIjV- -Constant . . . . (1) 


This agrees with facts, and w^hen the phenomenon is described in this way, it is 
easy to see that if the concentration of the acid be increased, and the concentra- 
tion of the hydrogen sulphide be constant, the amount of lead chloride which 
remains in a given solution {i.e. escapes precipitation) must increase in order to 
keep the numerical value of the ratio constant. Conversely, if it be desired to 
keep the amount of lead chloride in the solution as low as possible, it is necessary 
to keep the concentration of the acid down to a minimum value.® The concen- 
tration of the hydrogen sulphide in solution is practically constant (about 


^ M. Baubigny, Compt. rend., X 07 , 1148, 1888; G. Chesneau, ib., ill, 269, 1890; W. 
Wernicke, Pogg. Ann., no, 65o, 1860; A. iSrim, Chem. Ztg., 41 , 414, 1917. In the case of 
zinc, the accumulation of hydrochloric acid can be prevented by the use of certain organic 
salts — ammonium or sodium acetate, sodium formate. These substances react with the 
hydrochloric acid, producing sodium chloride and an acetate (or formate). This is a very 
convenient way of substituting a weak acid — say, acetic acid or formic acid — for a strong acid 
— hydrochloric acid. The solubility of the zinc sulphide in, say, acetic acid is so small that 
inappreciable amounts of zinc remain in solution, although iron, nickel, cobalt and manganese 
sulphides are dissolved by the acid. 

* At an early stage in the reaction between hydrogen sulphide and lead chloride, lead 
thiochloride — ^probably PbS.PbClj — appears to be formed, since a brick-red precipitate of 
this compound sometimes separates when hydrogen sulphide is passed into a solution of lead 
chloride in hydrochloric acid — E. H. E. !l^insch, Joum. praki. Chem., (2), 13, 130, 1876; 
V. Lehner, Jmrn.Amer. Chem. 80 c., 23, 680, 1901; F. Parmentier, Compt. rend., 1x4, 298, 1892. 

® See J. W. Mellor, Chemical Statics and Dynamics, London, 166, 1909. 

* Neglecting disturbances due to the presence of foreign substances in the solution. 

^ This, of course, is limited by the necessity for keeping the zinc in solution, when 
separating lead and zinc by this method. 
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0*12 gram-molecule per litre at 20°) when the gas is passing through the solution. 
If the concentration of the hydrogen sulj)hide in solution were large and the 
concentration of the metallic chloride in solution small, a very small excess of 
acid would not suffice to keep the metal in solution. It will be observed, 
however, that the concentration of the hydrogen sulphide under ordinary 
conditions is small. In consecpience, a comparatively small amount of acid is 
sufficient to prevent the se})aration of sulphides of zinc, iron and manganese. 
This may be expressed anotlier way: if the solubility of the hydrogen sulphide 
had been greater than it is, some of the metals — e.g. zinc, iron, nickel — would 
have been included in the “hydrogen sulphide” group; and, conversely, had 
the solubility of the hydrogen sulphide been less than it is, some of the present 
members of the “hydrogen sulphide” group would not have been there — for 
instance, stannous tin, lead, cadmium. These deductions have been experi- 
mentally realised by Bruni and Padoa.^ By causing the hydrogen sulphide to 
react under pressure the solubility of the hydrogen sulphide in the liquid was 
augmented and iron, nickel and cobalt were precipitated ; by working under 
diminished pressure, the solubility of the hydrogen sulphide in the acid liquid 
was reduced and cadmium was not precipitated under conditions where other- 
wise the sulphide would have separated. 

Under ordinary conditions, the solubility ^ of the precipitated sulphides in 
dilute hydrochloric acid, starting with the least soluble,^ is approximately as 
follows- -reading from the top downwards: — 

Molybdenum Bismuth 

Platinum Stannic tin 

Gold Mercury 

Arsenic Cadmium 

Silver Lead 

Copj)er Stannous tin 

.Antimony 

Elements wide apart in the list can be easily separated by hydrogen sulphide in 
acid solution, but elements close together require a very careful adjustment of 
the amount of acid in solution before satisfactory separations can be made. 
For instance, the separation of cadmium or lead from zinc by means of hydrogen 
sulphide is only satisfactory when the concentration of the acid is very carefully 
adjusted. If too much acid be present, cadmium or lead wdll be imperfectly 
precipitated; while if too little acid be present, zinc will be precipitated 
with the cadmium or lead.^ Hence, no sharp line of demarcation can be drawn 
between metals precipitated and metals not precipitated by hydrogen sulphide 
in acid solution. All depends upon the concentration of the acid.^ This is 

^ G. Bruni and M. Padoa, Atii Accad. Lincei^ (5), 14 , ii, ii25, 1905. 

* The term “solubility” is here understood to refer to the amount of the element which 
remains in solution, or escapes precipitation, when the hydrogen sulphide is passed through an 
acid solution of a given concentration. The order of solubility will be the same as if the 
numerical values of the constants of the series indicated in equation (1 ), p. 272, were arranged 
in ascending order. 

* The onder is only approximate, and varies with the strength of the acid. For the solu- 
bility of the sulphides in water, see O. Weigel, Zeit. phys, Chem. 58 , 293, 1907; W. Bottger, 
16 ., 46 , 531, 1903; M. Hoffmann, Beitrdge zur Kmntnis der analytischen Chemie des Zinns, 
Antimons^ und Arsens, Berlin, 49, 1911; A. V. Fuller, Journ. Ind, Eng, Chem., 9 , 792, 1917. 

* A. W. Hofmann {Liebig's Ann., 115 , 286, 1860; Joum. Chem. Soc., 13 , 78, 1860) 
separates copper and cadmium sulphides with sulphuric acid ( 1 : 6 ) — the latter alone dissolves. 

* L. Loviton {Jourfi. Pkarm, Chem., (5), 17 , 361, 1888; Zeit. anal. Chem., 29 , 345, 1890) 
baa devised a method for separating antimony and tin based upon the solubility of the sulphides 
in hydroohlorio acid of different oonoentrations; and E. Neher's process {Zeit. anal. Chem,, 

18 
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Titanium 

Iron 

Nickel 

('obalt 

Manganese 
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conveniently adjusted so that the lead and stannous sulphides are precipitated, 
while zinc sulphide remains in solution. A solution containing 3 c.c. of hydro- 
chloric acid (sp. gr. IdG) per 100 c.c. will serve this purpose.^ If more acid 
be present, there will be a danger of incomplete precipitation of stannous tin 
and lead; if less than this amount of acid be present, some zinc, iron, nickel, 
cobalt or manganese may be precipitated. The adjustment of the acid cannot 
be perfect, but it can generally be made so that inappreciable quantities of the 
sulphides to be precipitated remain in solution. This is illustrated by fig. 85, 

which shows the relation between the 
amount of antimony chloride which 
remains in solution in the presence of 
hydrochloric acid and the concentration 
of this acid when the solution is satu- 
rated with hydrogen sulphide. Thei 
curve shows that for 18 grms. and less 
hydrochloric acid per JOO grms. ofj 
solution, very little antimony will! 
escape precipitation. 

Filtration. — In washing sulphide 
precipitates, say, copper sulphide in 
acid solution, with hydrogen sulphide 
water, a colourless filtrate is usually 
obtained. As the concentration of the 
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Fi(3. 85.— Effect of Hydrochloric Acid on the acid in the mother liquid diminishes 
Solubility of Antimony Sulphide. jjy washing, the filtrate sometimes 

becomes turbid, and, in the case of 
copper, may be tinted green. ^ There are several distinct actions going on. 
First, the sulphide is oxidised to sulphate second, the colloidal sulphides 
may be defiocculated (page 85); and, third, if water alone be used in the 
washing the dilution of the mother liquid may lead to the precipitation of 
some of the elements belonging to the next group, say, zinc sulphide, and so 
contaminate the precipitate being washed. Hence, the washing liquid should 
be kept acidified.^ 


32 , 45, I89.‘{) for the separation of arsenic, antimony and tin is based on the same property. 
A. A. Al>el and F. Field, Jonrv. Che/m. Svc., 14 , 290, 1862; F. Field, Chem. News, 3 , 114, 1861; 
A. H. Low, J(mrn. Amer. Chem. Soc., 28 , 1715, 1906; O. Kohler, Arch. Pharm., (3), 27 , 406, 
1889; Zeit. aiuil. Chem., 29 , 192, 1890; G. Panajotow, Ber., 42 , 1296, 1909; E. Jjesser, IJeher 
einige Trennungs und Bestimmungs-Meihoden des Arsens, des Antirmms, und deji Zinns, Berlin, 
1886; W. R. Lang and C. M. Carson, Jonm. Soc. Chem. Ind., 21 , 1018, 1902; with J. C. 
Mackintosh, ib., 21 , 748, 1902; J. and H. S. Pattinson, ih., i*j, 211, 1898; F. Kietreiber, 
Osterr. Chem. Zfg., ( 2 ), 13 , 146, 1910; A. W. Hofmann, Liebig's Ann., 115 , 286, 1860; O. BoSek, 
Journ. Chem. Hoc., 67 . 515, 1895; B. Brauner, ib., 67 , 527, 1895; J. Clarens, Bull. Soc. chim., 
(4), 19 , 154, 1916; A. Prim, Chem. Zig., 41 , 414, 1917; F, A. Gooch and B. Hodge, Amer, 
Jonm. Set., (3), 47 , 382, 1894; H. Rose, Ann. Phys. Chem., 107 , 186, 1859; H. A. Fales, 
Inorganic Quantitative Analysis, 248, 1928; L. Lehrmann, Joum. Chem. Eduen., 10 , 50, 
1933; L. Lehrmann and H. Weissberg, ib., to, 54, 1933. 

^ A. A. Noyes and W. C. Bray, Joum.. Amer. Chem. Hoc., 29 , 137, 1907; Tech. Quart., 
19 , 191, 1906. 

* The filtrate becomes darker in colour, and finally flakes of copper sulphide separate 
from it. 

® Hence the filtration should be conducted as rapidly as possible, and the filter-paper with 
the precipitate should be kept filled with the hydrogen sulphide wash-water. 

* G. Larsen, Zeii. anal. Chem., 17 , 312, 1878; E. Berglund, ib., 22, 184, 1883; W. Bederichs, 
Pharm. Zig., 44 , 178, 1899. Mineral acids are objectionable if the filter-paper is to be dried 
afterwards, because the acid is concentrated on the paper during the diying and the paper 
is attacked. The paper then readily disintegrates. A dilute solution of acetic acid, saturated 
with hydrogen sulphide, gives good results. 
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§ 125. The Separation of the Metals Precipitated by Hydrogen 
Sulphide in Acid Solutions. 

In the extreme case, suppose that a qualitative examination shows that the 
filtrate from the silica contains antimony, arsenic,^ lead, bismuth, cadmium, 
tin and copper, as well as alumina, etc. The filtrate from the silica is neutral- 
ised by adding, gradually and with constant stirriiig, a solution of sodium 
carbonate until a faint permanent precipitate is obtained. The precipitate is 
dissolved in a minimum quantity of dilute hydrochloric acid and then 7*5 c.c. 
of the concentrated acid (sy). gr. 1*16) are added for every 100 c.c. of solution. 
Heat the solution in an Erlenmeyer’s flask at 70'^ to 80*^, and pass hydrogen 
sulphide, at the rate of two bubbles per second, through the hot solution for 
about an hour while the temperature of the solution is maintained. Let the 
mixture cool. When cold, add one and a half times its own bulk of water 
(100 c.c. becomes 250 c.c,),^ and saturate in the cold with hydrogen sulphide 
passing in a slow stream for about 15 minutes. CV)rk the flask and let the 
solution stand two or three hours. Filter and wash the ]:)recipitate with a dilute 
acid solution containing 15 c.c. hydrochloric acid (sp. gr. per litre and 

saturated with hydrogen sulphide. 

The precipitate may contain lead, bismuth, co})per, cadmium, arsenic, anti- 
mony and tin sulj)hides. The precipitate will generally be almost free from 


' According? to F. Wohler, more or less zinc sulphide is precipitated in the presence of 
arsenic acid in comparatively strongly acid solutions, but not if arstmious acid be present. 
For this reason, and the reason stated in the next footnote, it is well to reduce any arsenic 
salts, if present, to the araenious state. 

* Elements at the upper end of the series, page 273, are precipitated more or less im- 
perfectly in the cold. Arsenic sulphide, for instance, continues separating a long time after 
the solution is saturated, hence the current of gas is (sontinued an hour longer. The sulphides 
which separate from a hot solution can l)e tiltered and washed more easily than precipitates 
formed in cold solutions. Arsenious acid — HaAsOg — reacts at once with hydrogen sulphide, 
forming AsgSg; with arsenic acid — H3ASO4 — the formation of AsgSg is the joint effect of three 
consecutive reactions: (1) the formation of thioarsenic acid — HgAsSO^; (2) this slowly 
decomposes into sulphur and arsenious acid — HgAsOg; (3) this latter reacts with the hydrogen 
sulphide, as indicated above. Hence, the initial and end products are represented by the 
equation: 2HaA804 + 5Hjj8- As2S3-f-2S + 8HgO. One object of heating is to accelerate 
the very slow decomposition of the thioarsenic acid. Hence, before passing the hydrogen 
sulphide, some prefer to reduce the arsenic acid to arsenious acid with sulphur dioxide, or 
by warming the solution with a mixture of hydrochloric acid and hydriodic acid (or potassium 
or ammonium iodide) — sulphur dioxide is not recommended as a reducing agent — L. L. de 
Koninck, Bull, Soc, chim. Bdg,, 23, 88, 1909. There is also a very slow side reaction — 
2H8ASO44 5HaS=As2S5-f SHgO — particularly in cold, feebly acid solutions (J. P. Bouquet 
and S, Cloiz, A7in. Chim. Phys,, (3), 13, 44, 1845; B. Brauner and F. Tomiczek, Journ. 
Chem, 80c., 53, 145, 1888; Monats., 8, 607, 1887; L. R. W. McCay, Chem. News, 54, 287, 
1886; Amer. Chem, Joum., 9, 174, 1887; lo, 6, 1888; Zeit. anorg. Chem., 29, 36, 1901; 
Journ, Amer, Chem, 80c.., 24, 661, 1902; ZeM. mml. Chem., 27, 632, 1888; F. Neher, ib., 32, 
45, 1893; R. Bunsen, Liebig' s Ann., 192, 305, 1878; H. Rose, Pogg. Ami,, 107, 186, 1859; 
J. J. Berzelius, Pogg. Ann., 7, 2, 1826; H. Ludwig, Arch. Phar^n,, 147, 32, 1859; A. Fuchs, 
Zeit. mml, Chem,, i, 189, 1862; B. Brauner, Journ, Chem. Soc., 67, 527, 1895; F. L. Usher 
and M. W. Travers, ib., 87, 1370, 1905; F. W. Kiister and G. Dahmer, Zeit. anorg. Chem., 
33, 105, 1902; W\ Foster, Journ. Amer. Chem. Soc., 38, 52, 1916). 

® If sulphuric acid be used in place of hydrochloric acid, use 3-75 c.c. of sulphuric acid 
(sp. gr. 1*84) with the same dilutions. The greater acidity of the hot solution prevents 
the separation of titanium hydroxide during the heating. The acid is also useful in prevent- 
ing the separation of bismuth and antimony oxychlorides. The great dilution required for 
the separation of lead and stannous tin would lead to the precipitation of the oxychlorides 
in question. 
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aluminium, iron, zinc, nickel, cobalt and manganese.^ The filtrate is used for 
the determination of the alumina, etc. (page 157). * 

Precifitation in Pressure Flasks , — When molybdenum, platinum, gold or 
selenium is present, the solution is placed in a thick*walled mineral water 
bottle or “pressure flask*’ ^ and saturated with hydrogen sulphide in the cold. 
A cork is then wired into the neck of the bottle, or the stopper screwed down. 
The pressure bottle is now suspended by a wire in a water bath so that it is 
clear of the bottom of the bath and is immersed up to the neck in the cold 
water. The water bath is gradually heated until the water boils. Boiling 
water is added to the bath, if necessary, as the water evaporates, but the fresh 
water should not be poured directly on the pressure bottle. After about an 
hour’s boiling the water bath is allowed to cool : the bottle is then removed 
from the bath, opened and the cold solution saturated with hydrogen sulphide. 
It is advisable to wrap a stout wire gauze round the bottle so that no damage 
may be done if it bursts during the heating. Molybdenum, platinum, gold, 
selenium (also tellurium), if present, will be found with the precipitated 
sulphides of tin, arsenic, antimony, lead, cadmium, etc. 

§ 126. The Separation of Tin, Arsenic and Antimony from 
the Remaining Metals. 

The precipitate is now treated with a 12*5 per cent, solution (sp. gr. 1-14) of 
sodium monosulphide ^ in a covered beaker and heated to about 70°. The 
lead, copper,® cadmium ® and bismuth ’ present remain undissolved, while the 
arsenic, antimony and tin pass into solution.® The precipitate is washed with 
the sodium sulphide solution. The arsenic, antimony and tin in the solution 


^ If the solution contains both nitric acid and barium, under certain conditions, barium 
sulphate may be precipitated — W. T. Hall and R. B. Woodward, hid, E»{f. Chem. Anal, Ed,, 
6, 478, 1934. 

* The hydrogen sulphide must be boiled off from the filtrate, and the free sulphur removed 
by filtration. The iron is oxidised with a few drops of nitric acid, hydrogen peroxide or 
bromine water. 

* Pressure flasks — Linter’s, Salamon’s — are made specially for the purpose. A. Gawal- 
ovski, Zeit, anal, Chem,, 22, 626, 1883; F. Allihn, ib,, 23, 4(^, 1884; R. Rempel, Bet,, 18, 
621, 1886; A. Eiloart, Chem. News, 55, 148, 1887. See also page 447. 

* For the action of polysulphides, see H. Schiff, Liebig's Ann., 115, 68, 1860. 

® Freshly precipitated copjier sulphide is appreciably soluble in colourless ammonium 
sulphide, and still more soluble in yellow ammonium sulphide — C. L. Bloxam, Joum, Chem. 
Soc„ 18, 94, 1865. 

* A. Ditte (Compt, rend., 85, 402, 1877; Chem. News, 36, 109, 1877) says that cadmium 
sulphide is appreciably soluble in ammonium sulphide, but E. Donath and J. Mayerhofer 
{Zeit. anal. Chem., 20, 384, 1881) state that this is not the case. H. Fresenius {Zeit. anal. 
Chem,, 20, 26, 1881) agrees with Ditte. G. Vortmann, Mcmats., i, 962, 1880; E. Zettnow, 
Pogg, Ann., 130, 328, 1867. 

^ T. B. Stillmann {Journ. Amer. Chem. Soc., 18, 683, 1896) showed that if a solution con< 
taming bismuth be made alkaline with sodium hydroxide, and then heated with an excess of 
sodium sulphide, a considerable amount of bismuth remains in solution; but G. 0. Stone {ib., 
i8, 1001, 1896) pointed out that if the bismuth sulphide be first precipitated from an acid 
solution, it is not dissolved by subsequent treatment with an alkali sulphide. J. Knox, 
Joum. Chem. 80c., ^5, 1760, 1909. 

^ Molybdenum, gold, platinum and selenium, if present, may be partly dissolved with the 
arsenic, etc., and partly retained by the insoluble sulphides. J. J. Berzelius {Pogg. Ann., 7, 
4, 139, 1826) considered that arsenic pentasulphide dissolved in alkali and alkaline ef^h 
hydroxides forming arsenate and thioarsenate ; rather are thioarsenate and thio-oxyarsenate 
formed. L. R. W. McCay, Chem. Zig., 15, 476, 1891; Zeit. anorg. Chem., 25, 469, 1900; 
J5cr., 32, 2471, 1899; R. F. Weinland and O. Rumpf, Zeit. anorg. Chem., 14, 42, 1897; R. F. 
Weinland and P. Lehman, ib., 26, 322, 1901; Chem, Ztg., 23, 865, 1899; K, Preis, Liebig's 
Ann., 2$y, 178, 1890; O. Klenker, Joum. prakt. Chem., (2), 59, 160, 363, 1899. 
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are separated by the methods indicated below; the precipitate is dissolved in 
hydrochloric acid, and the lead, bismuth, copper and cadmium are also separ- 
ated one by one, as indicated later on. If one or more of the elements in 
question be absent, the corresponding steps are omitted. Short cuts are also 
advisable in special cases. 

It must also be added that, in many technical analyses, it is not usual to work 
through a complex series of separations with one portion of a given sample, but 
several separate portions are taken and one group of constituents in each portion is 
determined by special methods of isolation. For example, Lee, Trickey and 
Fegely ^ analyse brasses and bronzes by working on separate portions of the 
solution or sample as follows : (i) lead is precipitated as sulphate in the presence 
of tartaric acid; (ii) copper is determined volumetrically by the iodine process; 
(iii) tin is determined gravimetrically as stannic oxide; (iv) antimony volu- 
metrically by permanganate in sulphuric acid solution ; ( v) iron gravimetrically ; 
and (vi) zinc volumetrically with ferrocyanide in the filtrate from the iron. In 
a long series of separations, some of the stages may be more suited for one 
element than for another, and a process of analysis is selected which gives the 
best average for all the constituents to be determined, and not the one most 
suited for any particular constituent. When, however, a separate portion of 
the original sample is taken for the determination of each constituent, a 
method of separation specially favourable for that constituent can be employed. 

Theoretical. — Freshly precipitated arsenic, antirnonic and stannic sulphides 
are quickly dissolved by sodium sulphide; ^ stannous sulphide is but slowly dis- 
solved.® Soluble alkali thioarsenatc — NagAsS^; thioantimonate — Na3SbS4; 
and thiostannate — Na2SnS3 — appear to be formed ; while arsenious and anti- 
monious sulphides form thioarsenite, NagAsSg, and thioantimonite, Na3SbS3, 
respectively.^ 

Sodium monosulphide, in aqueous solution, is partly hydrolysed or decom- 
posed by water, forming sodium hydroxide and hydrosulphide : 

NagS + HgO^NaOH + NaHS 

The amount of hydrolysis depends upon the concentration of the solution. 
In O'lN-solution, 864 per cent, of the NagS is hydrolysed,® but with increasing 
concentrations the amount of hydrolysis is diminished. Solutions of sulphur 
in the alkali sulphides are much less hydrolysed than the monosulphide. 


1 R. E. Lee, J. Trickey and W. H. Fegely, Journ. Ivd. Eng. Chvm., 6 , 556, 1914. 

* R. Bunsen, Liebig's, Ann., 192 , 320, 1878; H. Thiele, ib., 265 , 65, 1891; B. Brauner 
and F. Tomiczek, Mmuits., 8 , ^)7, 1887; F. Neher, Zeit. mini. Chem., 32 , 45 , 1893; 
L. R. W. McCay, ib., 27 , 632, 1888; 34 , 725, 1895: R. Fresenius, ib., i, 192, 1862; J. J. 
Berzelius, Pogg. Ann., 7 , 1 , 1826; C. Rammelsberg, ib., 52 , 191, 1841; C. F. Nilson, Joum. 
prakt. Chem., (2), 14 , 149, 1877; (2), 19 , 170, 1879; E. E. Brownson, Aim. Eng. World, 39 , 
1155, 1913; C. von Uslar, Zeit. anal. Chem., 34 , 391, 1895; Chem. News, 73 , 28, 38, 1896. 

* Hence, some use a little nitric acid with the hydrochloric acid in order to oxidise the 
stannous sulphide and accelerate the rate of solution. 

* Gold and platinum sulphides, in the same group as arsenic sulphide, dissolve with 
difficulty in the alkali sulphide, and thus form an intermediate link between sulphides 
soluble and sulphides insoluble in the alkali sulphide. According to J. Riban (Compt. 
rend.,'Bs, 283, 1877; Bull. Soc. chim., (2), 28 , 241, 1877), platinum sulphide — PtSg — alone 
is practically insoluble in ammonium and sodium mono- and polysulphides. In the presence 
of arsenic, antimony and tin sulphides, appreciable quantities of platinum and gold sulphides 
pass into solution, and this the more the greater the quantity of those elements present. The 
separation of gold and platinum, as well as molybdenum and selenium, is not therefore satis- 
factory by this process, since part will be found in the solution and part with the precipitate. 

® F, W. Kiister and E. Heberlein, Zeit. anorg. Chem., 43 , 53, 1906; J. Walker, Zeit. phys. 
Chem., 3 a> 137, 1900; H. Rose, Pogg. Ann., 55 , 633, 1842; C. F. Sammet, An Inves^ution 
m the Production, Predpitation and Migration of CoUoida, Boston, Mass., 1903. 
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This question of hydrolysis is important, because the products of hydrolysis 
may attack sulphides ^ which would otherwise be insoluble. Aqueous solutions 
of ammonium monosulphide are more readily hydrolysed than sodium inono> 
sulphide, consequently sodium monosulphide is preferable to the ammonium 
salt, particularly in the presence of copper sulphide, which is slightly soluble 
in ammonium inonosulphide. On the other hand, the ammonium salt is nearly 
always used if mercury salts be present, because mercuric sulphide is insoluble 
in ammonium inonosulphide, ^ but readily soluble in sodium or potassium 
monosulphide owing to the formation of a thio-salt: 

HgS + NagS-NajjHgSa 

Mercuric sulphide is soluble in ammonium sulphide and also more readily 
soluble in potassium or sodium sulphide if a little potassium or sodium 
hydroxide be })resent.^ The mixed solution of potassium sulphide and 
hydroxide separates insoluble lead, silver, bismuth and copper very sharply 
from arsenic, antimony and mercury. The mercury can be precipitated from 
the filtrate by the addition of ammonium chloride, the arsenic and antimony 
remaining in solution. The method does not work well in the presence of tin, 
because some tin sulj)hide is precipitated with the mercury sulphide and some 
mercury sulphide remains in solution with the tin sulphide. When cadmium 
sulphide is present, mercury sulphide is but imperfectly dissolved by the mixed 
hydroxide-sulphide solution,^ 

^ This, for instance, is the case with copper sulphide in ammonium monosulphide and 
particularly with ammonium polysulphide. Copper and lead are also attacked by sodium 
poly sulphides, apparently not altogether because of the hydrolysis. The mode of action 
of the polysulphides has not yet been made quite clear. According to V. Hassreidter {ZnL 
angew. Ohem., 18 , 292, 1905), the coppt'r can be recovered from a solution of the sulphide 
in, say, sodium polysulphide by boiling the solution with the cautious addition of sodium 
sulphite until colourle.S 8 ; sodium monosulphide and thiosulphate are formed, which have no 
solvent action on copper sulphide. 

2 But slightly soluble in ammonium polysulphide — A. Claus, Liebig\s A?in., 129 , 209, 
1863; Chem. News, 9 , 145, 1864; C. Barfoed, Journ. prakt. Chem., ( 1 ), 93 , 230, 1865; Zdt, 
anal. Chem,, 3 , 139, 1864; 4 , 435, 1865. 

* J. Volhard, Liebig's Ann., 255 , 252, 1891; A. Claus, Liebig's Ann., 129 , 209, 1863; 
Chem. News, 9 , 145, 1864; A. Ditte, Compt. rend., 98 , 1271, 1884; K. Polstorff and K. Billow, 
Arch. Pharm., 229 , 292, 1891, 

* C. von Uslar, Zeit. anal. Chem.,^, 391, 1895; Chem. News, 73 , 28, 38, 1896; L. J. Curtman 
and K. Marcus, Journ, Amer. Chem. 36 , 1093, 1914. 
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THE DETERMINATION OF ARSENIC. 

§ 127. The Separation of Arsenic from Antimony and Tin 
by Distillation. 

The distillation j)rocess, proposed by Schneider and by Fyfe, depends upon 
the volatility of arsenious chloride.^ If arsenic compounds be reduced to 
arsenious compounds in hydrochloric acid solution by ferrous sulphate, Fischer ^ 
showed that the arsenic may be quantitatively separated as arsenious chloride 
from solutions containing antimony and tin.^ By this means arsenic may also 

^ See page 269. 

^ K. Fiaoh<‘r, Ber.^ 13, 1778, 1880: Liebig's Ann,^ 208, 182, 1881; A. Classen and K. 
Ludwig, Ber,y 18, 110, 188/5; F. Hufschmidt, ib., 17, 224r), 1884; ('hem. News, 50, 269, 1884; 
W. Odling, ib,, 8, 27, 1863; T. Gibb, ib,, 45, 218, 1882; F. C. Schneider, J*ogg. An?!., 85, 
433, 1852; A. Fyfc, Phil. Mag., (4), 2, 487, 1851; Journ. prald. Chem., (1), 55, 103, 1852; 
P. ilannasch and E. Heiniann, ib., (2), 74, 473, 488, 1906; O. Ducni, Compt. rend., 127, 227, 
1898; (.'hem. News, 78, 73, 1898; A. Hollard and L. Bcrtiaiix, ib., 81, 242, 1900; Bnil. 
Bac. ('him., (3), 23, 300, 19CK); A. Hollard, ib., (3), 23, 292, ]9(K); Chem. News, 81, 258, 19(H); 
E. Azzarello, (Jazz. Chhn. lUtl., 39, ii, 450, 1910; J. Clark, Jonrn. Sac. Chem. Ind., 6, 353, 
1887; A. Gibb, ib., 20, 184, 1901 ; J. E. Stead, ib., 14, 444, 1895; Hicekher, Zeii. anal, ('hem., 
9, 516, 1870; J. A. Kaiser, ib., 14, 250, 1875; H. Heckurts, Arch. Pharm., 222, 653, 1884; 
A. Kleine, Btahl Eisen, 24, 248, 1894; J. Clark, Jaurn. Anal. App. Chem., 6, 277, 1892; E. 
Ruff and F. l^*hmarin. Arch. Pharm., 250, 382, 1912; W. Plato, Zeit. aiiorg. Chem., 68, 26, 
1910; VV. Hartmann, Zeit. anal. Chem., 58, 148, 1919; F. A. Stief, Journ. Ind. Eng. Chem., 
7, 211, 1915; F. L. Hahn and H. Wolf, Ber., 57B, 1858, 1924; W. 0. Robinson, H. C. Dudley, 
K. T. Williams and H. G, Byers, Jnd. Eng. (jhem. Anal. Ed., 6, 274, 1934; H. Hager (Pharm. 
Cenir., (3), 22, 169, 1882) claims that the use of ferrous sulphate is due to himself and not to 
FiseJier; Rieckher, Le Chimisle. 2, 140, 1866/67. 

* Ferrous chloride, ferrous sulphate, ferrous ammonium sulphate (Classen and Ludwig) 
or cuprous oxide may be used. The presence of large quantities of the ferrous salt seems to 
prevent the well-known volatilisation of mercuric chloride with water vapour. Oxidising 
agents — nitric acid — should be absent, since they will oxidise the ferrous salt and make it 
inert. If present, nitric acid should bo removed by evaporation witli sulphuric acid. A 
little sulphuric acid does no harm. O. Piloty and A. Stock (Ber., 30, 1649, 1897) and G. T. 
Morgan (Journ. Chem. Boc., 85, 1001, 1904) reduce by passing a stream of hydrogen sulphide 
through the boiling solution. If the arsenic be all present as arsenious salt, the ferrous salt 
is not needed. F. A. Gooch and E. W. Danner (Amer. J. Bcience, (3), 42, 308, 1891), F. A. 
Gooch and B. Hodge (Zeit, anorg. Chem., 6, 268, 1894; Chem. Nnvs, 70, 23, 1894) reduce by 
means of potassium iodide and hydrochloric acid; F. A. Gooch and M. A. Phelps (Zeit. 
anorg. Chem., 7, 123, 1894) used potassium bromide and hydrochloric acid; M. Rohmer 
(Ber., 34, 33, 1565, 1901) reduced with sulphur dioxide; R. C. Roark and 0. C. McDonnell 
(Journ. Jnd, Eng. Chem., 8, 327, 1916) reduce with cuprous chloride; K. K. Jarvinen (Zeit. 
anal, Chem., 62, 184, 1923) uses a mixture of hydrobromic acid and sodium siUphitc; K. 
KOhre (Zeit. anal. Chem., 65, 109, 1924), pyrogallol; and H. B. Bishop (Journ. Amer. Chem. 
Boc., 28, 178, 1906) passed sulphur dioxide through the solution during the distillation and 
omitted the ferrous salt. This process gives good results, and can be used when the presence 
of iron is objectionable. C. JViedheim and P. Michaelis (Ber., 28, 1414, 1895), H. Cantoni 
and J. Ohautems (ArchivJSci. Phya. Nat. Oenim, (4), 19, 364, 1905), L. Moser and F. Perjatel 
{JBdonata, 33, 779, 1912), S. W. Collins {Analyat, 37, 229, 1912) reduce with methyl 
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be separated from the other metals of the hydrogen sulphide group.^ Details of 
the modified Fischer’s process are as follows : — 

Oxidation of Arsenious to Arsenic Salts . — The mixed sulphides obtained in 
the preceding operation are transferred to a beaker. Add, say, 2 to 3 grms. 
of potassium chlorate and pour in cautiously 40 c.c. of diluted hydrochloric 
acid (30 c.c. of concentrated acid, 10 c.c. water). Cover the beaker with a 
clock-glass and heat the mixture on a water bath until decomposition is 
complete and all the chlorine oxides have been expelled. The object of the 
oxidation is to transform the volatile arsenious salts into non-volatile arsenic 
salts during the solution of the mixed sulphides. 

Preparation for the Distillation.—lir^nBier the (contents of the beaker to a 
400 c.c. distillation flask, the side tube of which has been bent vertically down- 
wards. Rinse out the beaker with fuming hydrochloric acid (sp. gr. 1*19) and 
pour the washings into the distillation flask. Add more acid until the total 
volume is 100-120 c.c . ,2 add 1 grm. of jmtassium bromide and 3 grins, of hydra- 
zine sulphate or chloride. The side tube of the distillation flask is connected 
to the head of an efficient condenser, the lower end of which passes through a 
rubber stopper ^ nearly to the bottom of an Erlenmeyer's flask ^ containing 
300 c.c. of water. The exit tul)e from this flask is fitted ® wdth a bulb tube to 
act as a water seal in case any chloride escapes condensation. If the condenser 
be adequately cooled, this will not be needed. 

The Distillation . — The flask is heated to boiling over an asbestos pad,® or 
in an oil bath with a thermometer. The distillation is allowed to proceed until 
the volume of the residual liquid measures 25 30 c.c. If the amount of 
arsenious oxide, AsgO.^, exceeds 0*3 grm. a second distillation is necessary. A 
temperature of 108°- lUr is best.’ A current of cold water is passed through 


alcohol; P. Jannasch and T. Seidel 43 , 1218, 1910; Jouru. prakt. Chem., (2), 91 , 133, 
1915); P. Janiiasch and E. Heimann (i5., ( 2 ), 74 , 437, 1906); A. Kleine {Chem. Ztg., 39 , 
43, 1915); J. J. T. Graham and C. M. Smith {Jonrn. tmi. Eng. Chem.^ 14 , 207, 1922); C. A. 
Knittel {ib., 14 , 460, 1922); N. Tanigi {(Jazz. Chim. JtaL, 52 , IL, 323, 1922); A. Schleicher 
and L. Touasaint {Znt. anorg. Chem., 159 , 319, 1927); H. Biltz {Zeii. anal. Chem.^ 81 , 82, 
1930); H. Biltz and K. Hoehne {ih., 99 , 1 , 1934) reduce with hydrazine sulphate or hydro- 
chloride and potassium bromide with excellent results. The method possesses the advantages 
that ( 1 ) as but little fixed salt is introduced “bumping’’ is avoided in the later stages of the 
distillation; ( 2 ) the metals in the residue can be readily determined, the hydrazine sfilts being 
destroyed by bromine or hydrogen peroxide; (3) the method works in the presence of nitrites 
and nitrates, which give low results with other reducing agents. M. Hoffmann {Beitrdge zur 
Kenntnis der analyti^chen ('heniie de^ Zinv^, Antiinons, uml Berlin, 15, 1911) used 

potassium iodide with a current of hydrogen chloride gas. 

^ F. Wohler, Die. Mineral- Analyse in Beispeileny Gottingen, 223, 1861. 

* If antimony is to be afterwards determined by the distillation process (page 281), add 
50 c.c. of a solution of zinc chloride made by saturating concentrated hydrochloric acid with 
metallic zinc, and evaporating till the solution boils at 108” (A. Gibb, Jovrn. 80 c,. Chem. Ind., 
20 , 184, 1901). 

® J. A. Scherrer {Bur. Stand. J. Research, 16 , 253, 1936) distils from a one-piece glass 
apparatus to avoid losses due to the absorption of the volatile chlorides by the rubber 
stoppers. 

* L. Brandt {Chem. Ztg., 33 , 1114, 1909) condemns the use of a condensing apparatus, but 
advocates a delivery tube with a bulb, the tube being drawn to a narrow point and dipping 
into water in a beaker. The beaker is kept cool by being placed in a larger beaker containing 
cold water. L. Moser and J. Ehrlich {Ber., 55 B, 437, 1922) adopt a similar plan. 

® All rubber tubing and stoppers should have been previously boiled with dilute potash 
solution to get rid of the sulphur. 

« F. L. Hahn and H. Wolf, Ber., 57 B, 1858, 1924. 

’ If the temperature of distillation exceeds 125”, some antimony, if present, will be found 
in the distillate — F. Flatten, Journ. 80 c. Chem. Ind., 13 , 324, 1894. K. Rbhre {Zeii. anal. 
Chem., 65 , 109, 1924), in the absence of antimony, distils from a solution containing calcium 
chloride and a large excess of hydrochloric acid at 130°, but, if antimony be present, the dis- 
tillation is carried out at 100° ( water bath) in a current of carbon dioxide for 2 hours. K. K. 
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the condenser all the time the distillation is in progress. Moser and Ehrlich ^ 
state that most of the arsenic trichloride distils over in the first 10 minutes, the 
lag being due to hydrolysis — which can be minimised by adding fresh hydro- 
chloric acid from time to time and distilling in a current of air. The latter 
destroys the equilibrium and sweeps out the dissolved arsenic trichloride. The 
addition of a salt such as potassium bromide or barium chloride, which is much 
less soluble in concentrated hydrochloric acid than in water, serves to "‘salt 
out” the dissolved arsenic trichloride. Hence Moser and Ehrlich recom- 
mended the use of 1*5 grins, of potassium bromide, distilling in a rapid current 
of air with the flask immersed up to its neck in boiling water and adding 20 c.c. 
of fresh concentrated hydrochloric acid at the end of every 10 minutes. About 
30- 40 minutes are required to distil over 0*15 to 0*20 grm. of arsenious oxide. 

Determination of Arsenic in the Distillate . — The arsenic is best determined in 
the distillate by the volumetric process of Mohr ^ or Pearce. The arsenic may 
also be precipitated as sulphide by diluting the solution with hot water and 
saturating the boiling solution with hydrogen sulphide,^ and it can be weighed 
in the form of arsenic trisulphide, silver arsenate, or magnesium pyroarsenate. 
The magnesium pyroarsenate process is described in the next section. If the 
arsenic is weighed as trisulphide, the precipitate from the hydrogen sulphide 
treatment is prepared as described for antimony trisulphide on page 296. The 
antimony and tin may be determined in the residue in the flask by precipitating 
the mixed sulphides of tin and antimony with hydrogen sul})hide and separating 
these two elements as indicated on page 310.'* 

This method gives excellent results. The main objections are: (1) the 
need for a special apparatus; and (2) the consumption of time, especially if 
large quantities of arsenic are present and a second distillation is necessary. If 
this process be inconvenient, the arsenic may be separated from the antimony 
and tin as ammonium magnesium arsenate. 

Jarvinen {Ze.it. anal. Chem., 62, ]84, 1923) uses a three-bulb still bead to keep back the 
antimony tritjbloride in the later stages of the distillation. F. L. Hahn and H. Wolf {Ber., 
57B, 1858, 1924) and H. Biltz {Zeit. anal. Ch^eni.., 81, 82, 1930) also recommend the use of a 
f rac t i on at in (I head . 

^ L. Moser and J. Ehrlich, /hr., 55B, 437, 1922. 

* If the solution has to stand any length of time, and Mohr's process is intended, tlie 
solution should he nearly neutralised with scnlium hydroxide and an excess of sodium bi- 
carbonate added. This retards the rate of oxidation of the solution of arsenious chloride. 

* H. Rose, Handbuch der analyluchen Chemie, Berlin, 343, 1829; 390, 1871; R. E. O. 
Puller, Zeit. anal. Chem.^ 10, 45, 1871; C-. Frieclheim and P. Michaelis, ib.. 34, 505, 1895; 
R. Bunsen, Liebig's Ann.^ 192, 305, 1878, 

* Antimony can be separated by distillation, after the arsenic, by raising the temperature 
of the distillation flask to 180”. The distillation of the ant imony chloride begins at about 125”. 
Under ordinary conditions, the contents of the distillation flask would become dry and the 
antimony chloride w'ould sublime on to the neck of the flask. It is therefore necessary to 
use a mixture in the flask which is not liable to evaporate to dryness and which does not 
decompose under the conditions of the experiment — A. Gibb uses a solution of zinc chloride 
(page 280). After the distillation of the arsenic chloride let the flask cool, change the receiver 
and add 20 c.c. of concentrated hydrochloric acid. Fit up the apparatus as before, gradually 
raise the temperature up to 200° and pass a rapid current of hydrogen chloride through the 
system. The antimony chloride will collect in the receiver. The antimony may be deter- 
mined volumetrically by titration exactly as described for arsenic. The solution in the flask 
may be dissolved in hot water and the tin determined as described below. There may be 
a loss of stannous chloride by this process if tin be present (L. A. Youtz, Zeit. anorg. Chem.t 
3Sf 65, 1903; W. Plato, ib., 68, 26, 1910). When arsenic, antimony and tin arc all present, 
J. A. Scherrer {Bur. Stand. J. Mesearch, 16, 263, 1936) distils over the arsenious chloride at 
110”-112° in a current of carbon dioxide. Phosphoric acid is then added to hold back 
stannic chloride and the antimony chloride distilled over at i55°~165°, while concentrated 
hydrochloric acid is run into the distillation flask at the rate of 30-40 drops per minute. 
Ihe non-volatile tin-phosphoric acid complex is finally broken down by adding hydrobromic 
acid and the tin distilled over with a mixture of hydrobromic and hydrochloric acids at 140”. 
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§ 128. The Separation of Arsenic from Antimony and Tin as 
Magnesium Ammonium Arsenate. 

Theoretical — In 1846 Level ^ showed that a precipitate of magnesium 
ammonium arsenate, resembling magnesium ammonium phosphate (page 205), 
is obtained when a magnesium salt is added to an ammoniacal solution of an 
arsenate. The precipitate so obtained is slightly soluble in water — 100 grms. 
of water dissolve 0*021 grm. of MgNH4A804 at 20°. The magnesium ammo- 
nium arsenate is hydrolysed by hot water forming “free arsenic acid, ammonium 
arsenate and magnesia”: MgNH4As04 + 2H20 = Mg(0H)2 + NH4H2ASO4. If 
an aqueous solution be evaporated to dryness and the residue calcined, some 
arsenic is volatilised. “In the cold, magnesium ammonium arsenate is not 
hydrolysed by water.” 

The precipitate is much less soluble in ammoniacal solutions. A 2 per cent, 
solution of ammonia dissolves 0*0096 grm. of the salt per 100 grms. of the 
solvent at 20°. In consequence, it is usual to make the prcci})itation in 
ammoniacal solution. The presence of ammonium chloride augments the 
solubility of the precipitate. Thus, 100 grms. of a 1*41 j)er cent, solution of 
ammonium chloride dissolve 0*0735 grm. of the anhydrous MgNH4As04, while 
loo grms. of a 5 per cent, solution dissolve 0*113 grm. of the salt at 20°. The 
presence of ammonium tartrate increases the solubility of the salt. Thus, 
100 grms. of a 1*5 per cent, solution of tartaric acid, feebly ammoniacal, dissolve 
0*07 grm. of MgNH4As04. The ammonium tartrate is needed when the 
precipitation is made in the presence of tin and antimony salts. The solubility 
of the precipitate is also much reduced in alcoholic solution and consequently 
many prefer to make the precipitation in a solution containing both alcohol and 
ammonia. The precipitate is fairly soluble in acids. 

To find what amount of arsenic escaped precipitation, Hoffmann^ determined 
the arsenic in the filtrate after application of the method described below. 
Starting with solutions containing the equivalent of 0*3 grm. of tin, 0*3 grm. of 
antimony and arsenic as follows, the results were 

As taken . 0*05 0*05 0*15 0*15 0*3 0*3 grm. 

As in filtrate . 0*0006 0*0005 0*0008 0*0012 0*0006 0*0008 grm. 

Traces only of tin and antimony were found in the precipitated magnesium 
ammonium arsenate. Fresenius proposed a correction for the unprecipitated 
magnesium arsenate — 1 mgrm. arsenic per 30 c.c. of liquid. Ducru considers 
Fresenius’ correction too small, and Virgili considers it too high. The latter 
recommended an allowance of 0*0012 grm. of arsenic or 0*0016 grm. of AS2O3 
per 100 c.c. of liquid, and this agrees best with Hoffmann’s work. 


^ A. Level, Ann. Chim. Fhys., (3), 17 , 501, 1846; Compi. rend., 23 , 57, 1840; W. Hampe, 
Chem. Zlg.j 18 , 1900, 1894; J. K Virgili, Zeit. anal. Chem., 44 , 492, 1905; R. Fresenius, ib., 3 , 
206, 1864; G. C. Wittstein, ib., 2 , 19, 1863; R. E. O. Puller, 16 ., 10 , 63, 1871; H. Lesser, ib., 
Zjf 218, 1888; R. Brauiier, 16 , 57, 1877; L. F. Wood, / 6 ., 14 , 356, 1875; Amer. J. Science, 
(3), 6 , 368, 1873; F. A. Gooch and M. A. Phelps, ib., (4), 22 , 488, 1906; F. Reiched, Zeit. 
anal. Chem., 20 , 89, 1881; C. Friedheim and P. Michaelis, ib., 34 , 505, 1895; Ber., 28 , 1414, 
1895; R. Bunsen, Liebig's Ann., 192 , 305, 1878; C. Ullgren, ib., 69 , 364, 1849; M. A. von 
Reis, Stahl Bisen, 9 , 270, 1885; H. Rose,^ Pogg. Ann., 76 , 534, 1849; E. Raffa, Oazz. Chim. 
Ital., 39 , i, 154, 1909; J. C. Brunnich and F. »Smith, Zeit. anorg. Chem,, 68 , 292, 1910; H. Biltz, 
Zeit. anal, Chem., 81 , 82, 1930; J, Lick, ib., 93 , 429, 1933; L. W. Winkler, Zeit. angew. Chem,, 
32 , 122 , 1919; O. Ducru, Bull. 80 c. chim., (3), 23 , 904, 1900. 

^ M. Hoffmanri, Beitrage zur Kenntnis der analptischen Chemie des Zinns, Antimons, und 
Arsens, Berlin, 1911. 
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Magnesium ammonium arsenate is a white crystalline solid. Its composi- 
tion corresponds with MgNH4As04.6H20 when dried over sulphuric acid in a 
desiccator, and MgNH4As04.^H20 when dried at 100° on a water bath. When 
dried at higher temperatures more water and possibly some ammonia are 
lost. On account of the indefinite character of the hydrated salt, it is not 
advisable to attempt to use this substance for the final weighing, as recommended 
by Koehler.^ On ignition, the salt loses ammonia and water, forming mag- 
nesium pyroarsenate — Mg2A8207. If the ignition be conducted at too high a 
temperature, the magnesium pyroarsenate appears to decompose and some 
arsenic oxide is volatilised. For instance, Friedheim and Michaelis ^ found that 
a precipitate which theoretically should have been 0-3621 grm. Mg2As207 
changed in weight on ignition as indicated in the following table : — 


Table X LI .—-Influence of Calcination on Majfnesium Pyroarsenate. 


Typ(‘ of burner. 

Tim(5 of heating. 
Minutes. 

Weight. 

Grams. 

- 




Bunsen 

30 

0-3612 

Blast 

6() 

0-3611 

30 

0-3602 


' 55 

0-3596 

,, 

! 85 

0-3587 


125 

0*3576 

»» 

j 155 

0-3572 

t 


There is thus a loss of 4 milligrams on blasting. The numbers also show that 
30 minutes’ calcination on a good Bunsen burner is sufficient. 

The Deter mination. — The solution of the freshly precipitated sulphides in 
sodium sulphide is evaporated nearly to dryness and the residue digested 
with hydrochloric acid and potassium chlorate in a flask with a reflux condenser 
(page 306), in order to prevent loss by the volatilisation of arsenic chloride.® 
The solution should occupy about 100 c.c. Add (say, 12 grms.) tartaric acid,^ 
ammonium chloride (about 2 grms. per 50 c.c.) and an excess of concentrated 
ammonia (one-third the total volume of the solution).^ The arsenic is then 


^ O. Koehler, Archiv Pharrn., (3), 27, 406, 1889; R. Fridli, Pharm. Zentr., 67, 241, 1926. 

* E. W. Pamel, Chem. News, 21, 133, 213, 1870; R. W. E. Maclvor, ib., 32, 283, 1875; 
F. Field, 16., 21, 193, 1870; Journ. Chem. Soc., 26 , 6, 1873; 0. Hammelsberg, Per., 7, 544, 
1874; L. Chevron and A. Droixhe, Pull. Acad. Pedg., (3), 16, 475, 1888; F. Reichel, Zeit. anal. 
Chem., 20, 89, 1881; R. Brauner, ib., 16, 57, 1877; C. Friedheim and P. Michaelis, ib., 34, 
505, 1895; M. Austin, Zeit. anorg. Chem., 23, 146, 1900; C. Lefevre, Ami. Chim. Phys., (6), 
27, 55, 1892; M. Wunder and C. Schuller, Ann. Chim. anal, 18, 221, 1913. 

8 O. Piloty and A. Stoc^k, Per., 30, 1649, 1897. 

* The object of the tartaric acid is to keep the tin and antimony in solution. If much 
tin be present, the addition of ammonia may produce a turbidity, showing that insuflicient 
tartaric acid is present. In that case, decant off the clear liquid, dissolve the precipitate in 
tartaric acid on a water bath and then mix the solutions (page 298). 

® Some recommend the addition of one-third the volume of 95 per cent, alcohol at this 
stage — F. Field, Jmirn. Chew. Sac., 26, 6, 1873; R. E. 0. Puller, Zeit. anal. Chem., 10, 57, 
1871; C. R. Fresenius, ib., 3, 206, 1864; F. Reichel, ib., 20, 89, 1881; C. Friedheim and 
P. Michaelis, ib., 34, 505, 1895; H. Rose, 16., 1, 417, 1862; Fogg. Ann., 76, 534, 1849; L. F. 
Wood, Amer. J. Science, (3). 6, 368, 1873; M. Austin, ib., (4), 9, 55. 1900; O. C. Beck and 
H. Filler, Chem, Nem, 80, 259, 18^; School Mines Quart., 20, 372, 1899. 
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precipitated from the clear ammoniacal solution by adding magnesia mixture ^ 
drop by drop with constant stirring. The volume of the magnesia mixture to 
be added is approximately one-third the total volume of the solution.® Let the 
mixture stand in a cool place for about 12 hours. Decant the clear liquid 
through an ignited and weighed Gooch crucible packed with asbestos. Wash 
with dilute ammonia water (3*5 per cent, of ammonia), first by decantation and 
finally transferring the precipitate to the crucible.® Note the volume of filtrate 
and washings. Dry the precipitate at about 109°. Place a crystal of ammonium 
nitrate in the crucible,^ and gradually raise the temperature until the saucer 
containing the Gooch crucible (page 91) is bright red, but avoid too high a 
temperature (page 283). Cool in a desiccator and weigh as MggAsgO^.® The 
weight of the magnesium pyroarsenatc multiplied by 0*6372 represents the 
corresponding amount of AS 2 O 3 . 

Except for the time taken, especially when two precipitations are made, the 
method is quite satisfactory. A correction of 0*0016 grm. of AsgOg per 100 c.c. 
of filtrate and washings may be allowed. 

Example. — Suppose the precipitate has been in contact with approximately 150 c.c. 
of liquid, and 

Crucible and precipitate ..... 10-3143 grm. 

Crucible ........ 10 0014 grm. 

Mg2As207 ....... 0*3129 grm. 

Hence 0*3129 x 0*6372 — 0*1994 grm. AsgOa. Since 1(K) c.c. of filtrate involves a correc- 
tion of +0*(X)16 grm., we have 0*1994-}' 0*0024 —0*2018 grm. of AssjOa in the given 
sample, which weighed 5 grms. Hence the sample has the equivalent of 4*04 per cent. 
AS2O3. 

The filtrate is just acidified with hydrochloric acid and saturated with 
hydrogen sulphide, whereby the sulphides of tin and antimony are precipitated 

^ Magne.sia Mixture. — Dissolve 56 grms. of crystallised magnesium chloride 
(MgClg.fiHjO) and 70 grms. of ammonium chloride in 650 c.c. of water. When all is dissolved, 
make the solution up to a litre with concentrated aqueous ammonia. Filter before use. 
The solution is about 0*5 E strength. M. Brassier, Ann. Chim. Phy.<i.i (4), 7, 355, 1866; 
A. L. Winton, Journ. A?ner. Chem. So('., 18, 445, 1896. G. Loges {Chem. Zfg., 8, 1743, 1884) 
uses magnesium ammonium chloride, which is not hygroscopic like magnesium chloride; 
70 grms, magnesium ammonium chloride; 55 grms. ammonium chloride; make up to a 
litre with 2*5 per cent, ammonia. Magnesia mixture acts slow^ly on glass bottles — L. L. de 
Koninck, Chem. Ztg.y 19, 450, 1895. O. Kuhnt {Chern. Ztg.y 44, 586, 1920) says that if the 
solution be prepared without the addition of ammonia, it can Ixj kept for indefinite periods 
without the glass l>eing attacked. The necessary excess of ammonia is added on precipitation 
of the arsenic acid. Magnesia mixture containing magnesium sulphate instead of magnesium 
chloride is liable to give precipitates contaminated wdth basic magnesium sulphates. »See 
page 208. 

* The precipitation is facilitated by the addition of a little alcohol — E. Murmann, Oester, 
Chem. Ztg.y 13, 227, 1910. 

® Some filter here through filter-paper and dissolve the precipitate in hydrochloric acid. 
The magnesium ammonium arsenate is reprecipitated in order to eliminate a possible con- 
tamination of the first precipitate with magnesia, more particularly if magnesium sulphate 
is one of the components of the magnesia mixture. 

* Or ignite in a current of oxygen in a Rose’s crucible. 

® If filter-paper be used, some arsenic may be lost by volatilisation. Destruction of the 
filter-paper by nitric acid gives good results — L. L. de Koninck (Zeit. anal. Chem.y 29, 165, 
1890). W. Hampe prefers to dissolve the precipitate in hydrochloric acid, remove the arsenic 
by passing hydrogen sulphide and determine the magnesia in the filtrate by precipitating as 
magnesium ammonium phosphate (page 208). A better plan is to determine the arsenic 
volumetrically by dissolving the precipitated magnesium ammonium arsenate in aeid and 
proceeding as indicated for Mohr’s or Pearce’s process, 0. Bailly (Joum. Pharm. Chim.y 
(7), 20, 55, 1919), after a final washing with alcohol, titrates the magnesium ammonium 
arsenate directly with 0*5N-acid, using methyl orimge as indicator. 1 c.c. 0*5N-aoid b 0‘01873 
grm. As. 
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as indicated on page 275; or the solution may be divided into two parts and 
the antimony and tin determined separately, as indicated on page 301 

Comparison Determinaiions , — In a separation of arsenic from mixed tin and 
antimony sulphides by this and the distillation process, the arsenic in the latter 
case being subsequently determined by the two processes described below, the 
percentage arsenic obtained was: 

T^evol'H process. ^Mohr’s process. Pearce’s process. 

8*25 8*25 8*15 

8*30 8-29 8-19 

■■ ^ 

Distillation ])rocess of separation. 

§ 129. Notes on Iodine, Potassium Iodide, Starch 
and Sodium Thiosulphate. 

In 1853, Bunsen 2 demonstrated the general applicability of reactions in 
which iodine was liberated from potassium iodide for volumetric analysis. 
Bunsen used sulphurous acid for measuring the amount of iodine set free. 
A. du Pasquier,® before Bunsen’s time, brought forward the principle involved 
in the determination of iodine by means of sodium thiosulphate, and although 
the method did not give concordant results, the main difficulties were obvious 
after Bunsen’s work. Accordingly Schwarz^ was able to use sodium thio- 
sulphate for titrating iodine in neutral or acid solutions, and Mohr extended 
the process to solutions of arsenious and antimonious salts in alkali carbonate 
solutions. F. Stromeyer first used starch for develojung the tint of free iodine.® 
The value of the method does not rest so much on the determination of iodine 
in iodine compounds as on the less direct determination of those substances 
which liberate iodine when brought in contact with solutions of potassium 
iodide, e.g, the action of chlorine and chlorinated compounds, reductions of 
such substances as chromic acid, lead or manganese peroxide, ferric chloride, 
arsenic or antimony pentoxide, in the presence of hydrochloric acid, with or 
without heat. Starch, iodine, })otassium iodide and sodium thiosulphate are 
now used so frequently in certain types of volumetric work, that some notes 
on the use of these substances may now be made. 


Starch Solutions. 

Starch is used as an indicator in titrations with iodine solutions. Free 
iodine colours an aqueous solution of starch blue only in the presence of a 
soluble iodide. The sensitiveness of the reaction is determined by the com- 
position of the solution. The colour obtained in the presence of potassium 


^ It will be remembered that many kind« of glass, as well as caustic alkalies, contain 
arsenic (page 126), but not in quantities likely to affect quantitative results by the processes 
here described — R. Fresenius, Zeit. anal. Chem., 6 , 201, 1867; W. Fresenius, ib., 22 , 397, 
1883; J. Marshall and C, Pott, Atner. Chem. Joum., 10 , 425, 1888; S. R. Scholes, Joum. Ind. 
Eng. Chem., 4 , 16, 1912; A. Gautier, Canipt. rend., 135 , 115, 1002; F. Garrigou, ib., 135 , 
113, 1902. For the detection of arsenic and antimony in hydrochloric and sulphuric acids, 
see H. Koelsch, Chem. Ztg., 38 , 5, 1914; R. F. Tarbeil, Journ. Ind. Eng. Chem., 6 , 400, 1914. 
For arsenic-free acid, see L. T. Thorne and E. H. Jeffers, Analyst, 31 , 101, 1906; J. Habermann, 
Zeit. angew. Chem., 10 , 201, 1897; C. Busquets, Anal. 80 c. Espan. Fis. Quim., 34 , 557, 1936. 

* R. Bunsen, Liebig's Ann., 86 , 265, 1853. 

* A. du Pasquier, Arm. Chim.. Phys., (2), 73 , 310, 1840. 

* 0. L. H. Schwarz, Praktische Ankiiung zu Massanalysen, Braunschweig, J853; L. F. 
Kehler, Journ. Franklin Inst., 153 , 57, 1902. 

* F, Stromeyer, Schmigger's Joum., 12 , 349, 1814. 
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iodide is not the same in tint as when other salts are present; also the amount 
of iodine needed to produce a blue colour of the same intensity is smaller with 
solutions of potassium iodide than with solutions of other salts of the same 
concentration. Sodium sulphate makes the reaction very sensitive, e,g, a 
0-2N-8olutionof sodium sulphate (with starch) gives a colour with a 0’000()017N- 
iodine solution.^ Some believe the blue substance is a solid solution of 
iodine in starch, ^ while others consider it to be an additive compound between 
the iodine and the starch.^ As, however, the amount of iodine in the alleged 
compound is variously reported to be from 3-2 to 19-6 per cent., the formulae 
representing it extend over a wide range and its existence lacks confirmation. 

One gram of (preferably) potato starch is triturated with 10 c.c. of cold 
water until a smooth paste is obtained. Add sufficient boiling water with 
constant stirring to make 200 c.c. of thin translucent fluid. If the fluid be not 
translucent, it must be boiled one or two minutes, but prolonged boiling must 
be avoided, since it converts some of the starch into dextrine. Cool the 
solution. Let it settle overnight and decant off the clear liquid. This solution 
will not keep more than a couple of days. A larger quantity can be made and 
the clear liquid poured into small 50 c.c. phials up to the neck. The ])hials are 
placed in a water bath, heated for a couple of hours and then closed by cork 
stoppers. The solution so preserved will keep indefinitely. When a phial is 
opened, the contents deteriorate in a few days, hence the use of small bottles, 
which permits the solution to be used before it spoils. In order to prevent 
deterioration, preservatives are frequently added, e.g. a few drops of chloro- 
form, oil of cassia, salicylic acid, zinc chloride, zinc iodide or mercuric chloride 
(2 grms. per litre of paste). ^ 

Zulkowsky’s ® soluble starch is very convenient for titrations. It is sold in 
the form of a thick paste. A small portion is taken from the stoppered bottle 
on the end of a clean glass rod, and then mixed with water in a test tube for 
use. The so-called “soluble starch ” is made by grinding, say, 100 grms. of rice 
starch with a 2 per cent, potash solution until a homogeneous solution is 
obtained. Add, with stirring, more potash solution until the volume of the 
mixture is from 600 to 8(X) c.c. Heat the mixture on a water bath until all is 
quite liquefied and then 30 to 40 minutes over a free flame. Filter. Add an 
excess of acetic acid to the filtrate. Finally precipitate the starch by adding 
an equal volume of 95 per cent, alcohol. Redissolve the precipitate, again 
precipitate the starch and dissolve the precipitate in the least possible quantity 
of w^ater. Pour the solution in a thin stream into a large quantity of absolute 
alcohol. Filter off the precipitate and wash it with alcohol, and finally with 
ether. Dry in vacuo. The yield is about 50 or 60 per cent. “ Soluble starch ’’ 


^ J. Pinnow, Zeit. aiml. Chem., 41 , 485, 1902; C. Meineke, Chem. Ztg., i 8 , 157, 1894; 
A. Eckstadt, Zeit. anorg. Chem.^ 29 , 51, 1901. 

* F. W. Kuster, Liebig's Ann., 283 , 360, 1895. 

® F. Mylius, Ber., 20 , 688 , 1881; C. I^nner, Zeit. anal. Chem.^ 33 , 409, 1894; L. W. 
Andrews and H. M. Gottsch, Journ. Amer. Chem. 80 c., 24 , 865, 1902; H. B. Stocks, Chem. 
NewSf 56 , 212, 1887; H. Pellet, BiUl. Sffc. chim., (2), 7 , 147, 1867; E. Baudrimont, R^pertm. 
Chim. Pure, 3 , 249, 1861; R. M. Chapin, Journ. Ind. Eng. Chem., 6 , 649, 1914. 

* G. Gastine, Bull. 80 c. chim., (2), 50 , 172, 1888; M. Muaoulas, Compt. rend., 78 , 1483, 
1874; M. Mutnianski, Zeit. anal. Chem., 36 , 220, 1897; C. Reinhardt, ib., 25 , 37, 1886; 
F. Mohr, ib., 14 , 79, 1875; A. Muller, ib., 22 , 76, 1883; A. Wroblewski, Journ. Pharm. Chim., 
( 6 ), 8 , 314, 1907; 0. Forster, Chem. Ztg., 21 , 41, 1897; L. Mathieu, BuU. Assoc. Chem. 
8 ucr. Diet., 27 , 1166, 1910; A. Fembach, Compt, rend., 155 , 617, 1912; G. Rouvier, ib., 
114 , 749, 1892; 127 , 281, 461, 1894; C. F. Roberts, Amer. Journ. 8 ci., (3), 47 , 422, 1894; 
R. M. Chapin, Journ. Ind. Eng. Chem., 6 , 649, 1914; A. Ericsoh, 8 vensk Farm. Tids., 20 , 
499, 1916; Pollitz, Zeit. angew. Chem., 30 , (1), 132, 1917. 

® K. Zulkowsl^, Ber., 23 , 1395, 1874. 
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is a commercial article. It is sold as a white powder, which dissolves readily in 
boiling water, forming a clear solution. The reaction of iodine with these 
purified starches is sensitive and sharp. 

If impure or old starch solutions be used, inaccurate results will be obtained, 
since such solutions contain a-amylosc and hydrolytic degradation products, 
e,g. erythrodextrine, which give a reddish colour with iodine.^ This colour 
requires an excess of thiosulj)hate to discharge it. If a preservative has 
been used with the starch, it may hr necessary to be prepared for certain 
disturbances, e.g, the j)resence of zinc chloride would interfere in the titration 
of sulphides and carbonates. In using starch as an indicator with iodine 
titrations, if nitrous fumes are in the atmosphere of the laboratory, a rapid 
“after-blueing’’ of the solution may lead to high results. ^ 

Potassimn 1 odide . 

The potassium iodide used in volumetric work must be free from iodates. 
To test if the potassium iodide is suitable for the work, dissolve a gram of the 
salt in 10 c.c. of water, and add a drop of pure hydrochloric acid. If iodates be 
present, free iodine will be formed: 

KIO 3 + 5KI + 6HC1= 6KC1 -f SIg + SHgO 

Shake the mixture with a little chloroform. If the chloroform shows no 
coloration, or, at the worst, a faint tint, the potassium iodide is suitable for the 
work,'* and sufficiently free from contamination with substances which decom- 
pose potassium iodide. 

Iodine. 

Iodine — T. Atomic and equivalent weights : 126-92. 

The most commonly used solutions are OdN and 0*01N, containing re- 
spectively ()*012692 and 0*()01269 grm. of iodine i[>er c.c. Since iodine is but 
sparingly soluble in water (about 0-03 per cent, at 18^), it is necessary to 
augment the solubility by using solutions of potassium iodide as a solvent 
for the iodine. Hence dissolve 12*692 grms. of iodine and 18 grms. of 
potassium iodide in about 300 c.c. of water in a litre flask, and make the 


^ F. E. Hale, Amcr. J. Science, (4), 13 , 379, 1902; C. Lonnes, Zeit. anal. Chem., 33 , 409, 
1894; C. Meineke, Chem. Ztg., 18 , 157, .1894; 19 , 5, 1895; G. Kivat, Chem, Zfg., 34 , 1141, 
1910; L. Mathieu, Ann. Chim. anal., 16 , 51, 1911. 

* F. 8 innatt {Analyst, 35 , 309, 1910; 37 , 252, 1912) recommends methylene blue in place 
of starch in titrating with standard iodine solutions. 0-05 grm. of the dye is dissolved in water, 
and the solution made up to 50 c.c. One c.c. of this solution per 50 o.v.. of the solution to be 
titrated is used as indicator. The end point is indicated by a change from blue to yellowish 
green. It might here be added that B. Schwezoil {Zeit. anal. Chem., 44 , 85, 1905) and A. 
Bobierre {Monii. Scie.nt., ( 2 ), 5 , 951, 1868; Chem. News, 18 , 265, 1868) substitute for the starch 
reatition with iodine the intense red coloration furnished by the solution of iodine in pure 
benzene, a reaction suggested by M. Moride in 1852 {Compt. rend., 35 , 789, 1852; B. M. 
Margosches, Zeit. anal, them., 44 , 392, 1905). M. Bertin {Journ. de Medecine de V Quest, 31 , 
201, 1868) also used the same reaction. A. Dupr 6 {Ann. Chirn. Pharm., 94 , 365, 1855) 
used chloroform, which is less convenient than benzene. It is claimed that the benzene 
reaction is 2J times as sensitive as starch. For the sensitiveness of iodo-starch reactions, 
see A. W. Lorenz, ChemiaU Analyst, 19 , 20, 1916. 

® F. Pollaci, Oazz. Chim. Ital., 3 , 474, 1873. This test is often prescribed for iodates, 
but traces of iron or cuprous oxides, in the presence of dissolved oxygon, also give the pink 
colour. L. W. Andrews {Joum. Amer. Chem. Soc., 31 , 1035, 1909) detects iodates by using 
potassium hydrogen tartrate in place of hydrochloric acid; E. l^iss, Chem. Ztg., 38 , 413, 
1914; P. Eobineau and G, Eollin, Joum. Pharm. Chim., ( 6 ), 26 , 485, 1893. 
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solution up to a litre. ^ The solution is standardised by decinormal sodium 
thiosulphate, or by means of arsenious or antimonious oxide.* 

Commercial iodine may contain chlorine, bromine, water and cyanogen. 
To purify iodine * on a large scale, dissolve 4 kilograms of iodine in a solution 
containing 2 kilograms of potassium iodide, dissolved in 2 litres of water. Pour 
the solution into water and let it stand until the iodine is precipitated. The 
chlorine or bromine present react with the potassium iodide, liberating iodine 
and forming potassium chloride or bromide. Pour off the supernatant liquid ; 
wash the iodine with water ^ until it is free from potassium iodide; filter under 
suction through a layer of sand. Transfer the iodine to a shallow dish and dry 
it over concentrated sulphuric acid (12 days). Place the iodine in a combustion 
tube slightly inclined, with a plug of asbestos placed so as to prevent the melted 
iodine running down the tube. The lower end of the combustion tube is 
connected with a couple of drying tubes, one containing calcium chloride and 
the other phosphorus pentoxide, in order to dry the air which is to pass 
through. The upper end of the combustion tube passes through a rubber 
stopper closing a bottle, in which any iodine vapour, not previously condensed, 
is caught. The stopper is fitted with a glass tube connected to an aspirator. 
Slight suction is sufficient to enable the iodine to condense far enough from the 
heated portion to prevent liquefaction of the sublimed crystals. To prevent 
an accident from the sudden heating of the tube, place a piece of iron pipe over 
the part of the tube containing the asbestos and iodine, and extending about 
10 cm. beyond the tube. A layer of asbestos is placed between the glass and 
iron tubes. This process is not convenient if but small quantities of iodine 
have to be treated. 

To purify small quantities of iodine, grind, say, 6 grms. of commercial iodine 
with 2 grms. of potassium iodide. Put the dry mixture in a small dry beaker 
(fig. 86) fitted with a Gdckers condenser.® The beaker is surrounded with a 
cylindrical asbestos jacket (not shown in the diagram). Place the beaker on 
a wire gauze or a hot plate, and heat it by means of a small flame, the condenser 
being full of cold water at the temperature of the room. When violet vapours 
have ceased to come from the bottom of the beaker, let the apparatus cool. A 
crust of iodine will be found on the condenser. Pass a current of cold water 
through the condenser. The glass contracts and the crust of iodine can be 
easily removed by pushing it with a glass rod into a similar beaker. The 
sublimation is repeated without the potassium iodide at as low a temperature 
as possible. Grind the iodine in an agate mortar, and dry in a desiccator over 


^ A. T. Bawden and 8. K. Dyche {Iind. Eng. Chtm. Anal. Ed.,^ 5, 347, 1933) recommend 
dissolving 1 part of iodine in 2 parts of glycerol and 1 part of saturated potassium iodide 
solution. 

* See next section and footnote 4, page 292. Compare G. Vavrinecz, Magyar Chem. Fol.f 
42, 37, 1933. 

* L. L. de Koninck, BuU. Aaaoc. Belg. chim., 17, 16, 1903; J. S. Stas, Mem. Acad. Bdgique, 
35, 3, 1866; CEumea Cijmplites, Bruxelles, i, 563, 1894; G. C. Wittstein, Dingler'a Joum., 
200, 310, 1871 ; C. F. Mohr, Lehrbnch der chemiach-analytiachen Tilriermethode, Braunschweig, 
269, 1874; G. P. Baxter, Joum. Amer. Chem. Soc., 26, 1577, 1904; 32, 1691, 1910; A. Gross, 
ib., 25, 987, 1903; Chem. Newa, 88, 274, 1903; L. W. Andrews, ib., 90, 27, 1904; Amer. 
Chem. Joum., 30, 428, 1903; B. Lean and W. H. Whatmough, Proc. Chem. Soe., 14, 5, 1898; 
C. Meineke, Chem. Newa, 67, 272, 1893; Chem. Ztg., 16, 1219, 1230, 1892; Z. Musset, Zeit. 
anal. Chem., 30, 45, 1891; G. Lunge, Zeit. angew. Chem., 7, 234, 18^; A. Ladenburg, Bet., 
35, 1256, 1902; H. Baubigny and P. Kivals, Compt. tend., 137, 927, 1903; J. L. Meyer, 
Amer. Joum. Pharm., 87, 154, 1915; G. Fouque, Bull. Soc. chim., (4), 19, 270, 1916; F. C. 
Koehler, Chem. Zig., 39».122, 1915; F. Lenci, Boll. chim. farm., 57, 121, 1918. 

* The washings, particularly at first, are retained and the i<^ide recovered. 

® H. GOckel, Zeit. angew. Chem., 494, 1899. 
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calcium chloride — not sulphuric acid or the iodine may be contaminated.^ If 
the cover of the desiccator is greased the iodine may attack the grease, forming 
hydriodic acid, which might contaminate the iodine. 

Preservation of Iodine Solutions . — Iodine solutions should only be kept in 
glass-stoppered bottles — preferably made of brown glass to cut off the light. 
Iodine solutions diminish in strength 
with time, particularly if the bottle 
with the stock solution is frequently 
opened, owing to the volatilisation of 
the iodine. According to Schmatolla,* a 
0*1 N-solution of iodine scarcely changes 
if kept for a year, particularly if the 
space between the stopper and the neck 
of the bottle be kept dry. The presence 
of an excess of potassium iodide lowers 
the vapour pressure of the iodine vapour 
and makes the solution keep better.^ 



Sodium Thiosulphate. 

Anhydrous sodium thiosulphate — 

NagSgOg — molecular and equi- 
valent weights, 158*11. Crystal- 
line sodium thiosulphate — 

Na 2 S 2 O 3 . 5 H. 2 O — molecular and 
equivalent weights, 248*19. 

The most commonly used solution is 
of 0*lN-8trength and contains 0*015811 

grm. of the anhydrous salt or 0*024819 grm. of the hydrated salt per c.c. 

This salt is much used in iodine titrations; the thiosulphate, in acid 
solutions,^ is transformed by iodine into tetrathionate : 

2 Na 2 S 203 -H I 2 = 2NaI -f NagS^Og 


Fig. 86. — Purification of Iodine. 


The anhydrous sodium thiosulphate is made by recrystallising the “pure” 
commercial salt from warm solutions, saturated at 30°-35°, by cooling and 
constant stirring. The fine-grained crystals so obtained are dried on filter- 
paper at the temperature of the room. The salt is then dehydrated over 
concentrated sulphuric acid until it has fallen to powder, and a portion heated 


^ Iodine is not very hygroscopic, but for analytical purposes it should be protected — 
C. Meineke, Ch&m. Ztg., x6, 126, 1892. 

* O. Schmatolla, Apoth. Zig.^ 17, 248, 1902. 

* Working up Iodine Residues. — For the recovery of iodine from laboratory residues, 
see H. W. Gill, Analyst^ 38, 409, 1913; H. F. Stephenson, t6., 43, 165, 1918; G. Torossian, 
Jmrn. Ind.. Eng. Chem., 6, 83, 1914; F. Piekenbrock, Zeit. angew. Chem., 38, 331, 1926; 
F. Arndt, Ber., 52B, 1131, 1919; I. Puig, Quim. e Ind., 2, 1, 1925; F, T. van Voorst, Chem* 
Weekblad, 28, 129, 440, 1931 ; J. J. Hansma, ib., 28, 183, 1931 ; W. D. Bonner and K. Masaki, 
Joum. Chem. Educn., 7, 616, 1930; E. M. Marshall, ib., 7, 1131, 1930; P. Bourcet, BuU. 
Sci. Pharmacol., 38, 366, 1931; R. F. McCleary and E. D. Begering, Ind. Eng. Chem. Anal. Ed., 

420, 1933; M. Kleinstiiok and A. Koch, Zellstoff und Papier, 3, 361, 1923; A, Lachman, 
Amer. Chem. J<mm., 24, 31, 1900. 

* In alkali or sodium hydrogen carbonate solutions, sodium thiosulphate and tetrathionate 
are partly oxidised to sulphate — G. Topf, Zeit. anal. Chem., 26, 137, 277, 1887; J. P. Batey, 
Anmyst, 36, 132, 1911; E. Abel, Zeit. anorg, CAem.,74, 395, 1912; 0. Friedheim, Zeit. angew. 
Chem., ^ 415, 1891; 1. M. Kolthoff, Pharm. Weekblad, 56, 572, 1919; R. M. Chapin, Joum. 
Amer. Chem. Soc., 38, 625, 1916. 
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ill a test tube shows 110 signs of fusion when heated to 50 ^^. The dehydration 
is completed at 80 ® in an air bath wdth repeated stirring of the powder. For 
relatively small quantities, two hours will suffice. Preserve the salt in well- 
stoppered bottles. Young ^ finds that the salt so prepared keeps well and may 
be itself used for standardising iodine solutions. 

A standard solution is made by weighing out the required quantity of the 
salt and dissolving it in the appropriate volume of water.^ The solution 
should be made with water free from carbon dioxide, since the latter reacts 
with the thiosulphate, forming sodium sulphite and free sulphur: 

Na^S^Oa + H2C03~^Na2S03 -f HgO + CO^ + S 

The sodium sulphite reacts with more iodine than the corresponding thio- 
sulphate, and' hence the solution appears to become more concentrated on 
standing. After all the carbon dioxide in the water has reacted with the thio- 
sulphate, the solution may be kept for months without a])preciablc change. 
Treadwell found no change ^ in the titre of a solution against iodine after it had 
been kept for eight months. The addition of ammonium carbonate, sometimes 
recommended to preserve the solution, really acts in the oj)posite direction, 
and makes the solution less stable.^ 

§ 130. Mohr’s Iodine Volumetric Process for Arsenic. 

Theoretical , — When a solution of iodine is gradually added to a solution 
containing arsenious oxide, the latter is oxidised to arsenic oxide, and a colour- 
less solution of hydriodic acid is formed : 

AS2O3 4 ^ 2H2O -f 2I2 - 4 HI + AS2O3 

When all the arsenious oxide has been oxidised, any further addition of iodine 


^ kS. W. Young, Journ. Atner. Chem. 80 c. ^ 26 , 1028, 1904; G. Topf, Zeit. aiml. Chem.y 26 , 
140, 1887. 

® For the standardisation of thiosulphate solutions, see J. L. Mayer, Journ, Amer. Pharm, 
Assoc.., 4 , 690, 1915; R. M. Chapin, Journ, Amcr, Chem. Soc., 38 , 625, 1916; W. Ponndorf, 
Zeit. anal. Ohem., 85 , 1, 1931. 

® 0. Meineke, Chetn. Ztg., 18 , 33, 1894; F. P. Treadwell, Kurzes Lehrb'uch der analytischen 
Chernie, Leipzig, 2 , 530, 534, 1911; C. H. Hampshire and W. R. Pratt, Pharm. Journ,, 91 , 
142, 1913; A. Skrabel, Zeit. anal. Chem., 64 , 107, 1924; 1. Yoshida, Journ. Chem. 80 c. Japan, 
48 , 26, 1927; P. Bohrisch, Pharm. Ztg., 59 , .360, 1914. 

* For the deterioration of sodium thiosulphate with keeping and the stabilisation of its 
solutions, see S. U. Pickering, Chem,. News, 44 , 277, 1881; A. H. Ijow, ChemisU Analyst, 30 ^ 
18, 1920; .1. Davidsohn, SeAfensieder Ztg., 52 , 639, 1925; F. L. Hahn and H. Windisch, Ber., 
55 B, 3161, 1922; E. Abel, ib., 56 B, 1076, 1923; A. Skrabel, Zeit. anal, Chem., 64 , 107, 1924; 
C. Mayr, ib., 68 , 274, 1926; E. Sehulek, ib., 68 , 387, 1926; 80 , 190, 1930; F. L. Hahn and 
H. Clos, ib., 79 , 11, 1929; W. Ponndorf, ib., 85 , 1, 1931; R. A. Kolliker, ib., 90 , 272, 1932; 
L. B. Skinner, Ind. Eng. Chem. Anal. Ed., 3 , 411, 1931; E. P. Hedley, Proc. 8 . Africa 8 ugar 
Tech. Assoc., Qth Cong., 6 , 1932; F. J. Watson, Proc. 80 c, Chem, Ind, Victoria, 32 , 679, 1932; 
L. W. Winkler, Pharm. Zentrh., 69 , 24, 369, 1928; H. Rothlin, Apoth. Ztg., 43 , 33, 601, 1928; 
C. Mayr and E. Kerschbaum, Zeit. anal, Chem., 73 , 321, 1928. The solution should be 
kept in amber-coloured small glass-stoppered bottles, carefully protected from dust, air 
and light. It should be re-standardised frequently. For the action of acids on sodium 
thiosulphate, see H. von Oettingen, Zeit. phys. Chem., 33 , 1 , IIKK); A. F. HoUeman, ib., 33 , 
500, 1900. 

® E, Waitz, Zeit. anal. Chem., 10 , 168, 1871; S. Avery and H. T. Beans, Journ. Amer. 
Chem. 80 c., 23 , 485, 1901; J. K. Haywood, ib., 25 , 963, 1903; S. Avery, ib. 25 , 1096, 1908; 
E. W. Washburn, ib., 30 , 31, 1908; F. Mohr, Lehrbuch der chemisch-analytischen Titriermethodep 
Braunschweig, 1869; J. P. Batey, Analyst, 36 , 132, 1911; B. E. Curry and T. O. Smith, 
Journ. Ind. Eng. Chem., 4 , 198, 1912; G. 8 . Jamieson, ib., 3 , 250, 1911; L. Eosenthaler, 
Zeit. anal Chem., 45 , 496, 1906; J. Stale, MiU. Lebensm. Hyg., 23 , 72, 1932. 
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produces a yellow colour, or, if a solution of starch be present, blue “starch 
iodide ” is formed. The starch solution enables one part of iodine in over three 
million parts of the solution to be detected. It is best to work with cold 
solutions, since th(* “starch iodide’* dissociates on heating and loses its blue 
colour. The blue colour re-forms on cooling. 

The solution should be alkaline in order to neutralise the hydriodic acid 
formed in the reaction. Alkali hydroxides cannot be used because they 
react with “starch iodide” and with free iodine (GNaOH 4 3l2 = r)Nal 4 NalOg 
sodium carbonate is partly hydrolysed^ in aqueous solutions 
(Na. 2 C 03 4- II 2 O =- NaOJl f NaHtX).^). It therefore reacts with iodine, but to a 
less extent than sodium hydroxide. For example, working with a solution of 
iodine (1 c.c. ^O-OOf) grm. iodine) and a saturated solution of sodium carbonate, 
Waitz found : 

Wat(‘r . 20 20 50 20 100 c.c. 

Sod. carl), solution . 5 10 10 20 20 c.c. 

Iodine sol. required . 0*25 0*3 0*35 0*8 1*1 c.c. 

It is generally supposed that sodium bicarbonate does not react with iodine, and 
Beringer ^ quotes the following figures to show that “a large variation in the 
quantity of bicarbonate has no effect” on the consumption of iodine: 

Sodium bicarbonate ... 1 2 5 10 grms. 

Iodine solution required . .20*1 20*0 20*1 20-0 c.c. 

The truth is that the sodium bicarbonate is slightly decomposed in aqueous 
solutions, forming sodium carbonate and carbonic acid (2NaII(503 = NagCO^ 
4 -H 2 (' 03 ). The sodium carbonate is then hydrolysed, as indicated above. 
The amount hydrolysed is increased at elevated temperatures and in con- 
centrated solutions.^ Hence, in using sodium bicarbonate to neutralise the hydri- 
odic acid, the solution should be as nearly neutral as possible at the end of the 
titration to get the best results. A deficiency of the sodium bicarbonate is very 
undesirable.^ A slight excess does no serious harm, since the results will be 
sufficiently exact for commercial work.^ The solution to be titrated should be 
dilute and cold. The titration should also be performed as quickly as possible 
to avoid variations in the concentration of the acid in solution by the escape 
of carbon dioxide. 


^ H. N. McCoy, Amer. Chem. Journ., 24 , 437, 1900; A. Leclere, Journ. Pharm. Chtm., 
(7), 9, 341, 1914. 

* C. and .1. .1. Beringer, A Textbook of Assaying , London, 387, 11K)8. 

® W. A. Puckner {Proc, Amer, PhiL Assoc, y 43, 408, 1904) considers the amount of 
hydrolysis is also slightly greater in large flasks than in small ones owing to the escape of more 
carbon dioxide. The carbon dioxide is evolved during the titration by the decomposition of 
the carbonic acid ( HjOOg ~H,0 4- COj). Hence the titration should be made in Erlenmeycr's 
flasks, not in beakers. 

* R. Keinpf, Zeit, angcw, Chcm.y 30, 71, 1917, 

® The labour involved in the exact adjustment of the bicarbonate for “ unknown” solutions 
might bo considered “finicking” by a commercial analyst. Every 100 c.c. of O lN-iodine 
solution needs about 5 grms. of sodium bicarbonate, on the assumption that the solution is 
neutral before adding this amount of sodium bicarbonate. E. W. Washburn {Journ, Amer, 
Chem, 80 c, y 30, 31, 1908) avoids the disturbances with sodium bicarbonate by using 11 grms. 
sodium phosphate-- NatHP04.12Hj0 — ^for every 100 c.c. of the O lN-iodine solution. The 
sodium phosphate is supposed to be added to the neutral solution. For errors with an excess 
of sodium bicarbonate, see J. P. Batey, Analyst, 36, 132, 1911; M. Bialobrzcsky {Zeit, anal, 
Chem,, 37^ 444, 1898) recommends ammonium acetate in place of sodium bicarbonate. For 
the permissible limits of acidity, see I. M. Kolthoff, Pharm, WsMkd, 56, 621, 1919. 
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The Determination . — The acid solution of the araenious compound ^ is nearly 
neutralised with ammonia or sodium hydroxide.^ Add 20 c.c. of a saturated 
solution of sodium bicarbonate ® and 2 or 3 c.c. of a solution of starch, and 
titrate with standard iodine solution ^ until a permanent blue tinge remains 
suffused through the solution. The end-point is very sharp, and consequently 
the iodine must be added very gradually towards the end of the titration.® 

Example, — Suppose 1-5 grms, of material be under investigation and the solution 
requires 26-2 c.c. of iodine containing the equivalent of 0 0004092 grin, of AsgOa per 
cubic centimetre, then the material contains the equivalent of 

0-0004092 X 26-2 x 100/1-5 = 0-715 per cent, of A82O3 

Correction for the Volume of the Liquid under Titration . — With the same 
amount of arsenic and different volumes of liquid, different volumes of the 
standard iodine solution may be needed to develop the starch blue. Hence the 
solution to be titrated should have nearly the same concentration as the 
solution used for standardising the iodine. The error is not very marked with 
0-lN- and stronger iodine solutions, but with more dilute solutions, say 0-01 N-, 
the error is quite appreciable. The more dilute the solution^ the greater the amount 
of iodine needed to 'produce the coloration. Thus, Treadwell ® found, with no 
potassium iodide other than that present in the standard solution: 

Water .... 50 100 150 2CK) c.c. 

O-OIN-Iodine . . . 0-15 0-30 0*47 0-64 c.c. 

but in the presence of 1 grm. potassium iodide he found : 

Water . . .50 100 150 200 500 c.c. 

O-OIN-Iodine . 0-04 0-04 0-04 0-14 0-32 c.c. 

Hence, when the volume of the solution is less than 150 c.c. and potassium 
iodide is present, the same amount of the iodine solution is needed to produce 


^ If arsenic salts be present, the solution must be reduced by, say, a crystal of potassium 
iodide and an excess of sulphur dioxide. The sulphur dioxide destroys the free iodine. If all 
the sulphur dioxide be boiled off before the reduction is complete, the first drop of iodine from 
the burette in the titration will probably colour the solution yellow. If the reduction be 
complete, no permanent coloration will be produced when a crystal of potassium iodide is 
dropped into the solution. The solution must be boiled free from sulphur dioxide (test for 
sulphur dioxide as indicated page 174), but avoid prolonged boiling (page 302). 

* The ammonia should be free from pyrrol. This is readily obtained by tinging ammonia 
with potassium permanganate and afterwards decanting from any deposit formed. 

* Free from nitrites and chlorates. 

^ Standakd Jodies Solution. — Shake, say, 1-05 grms. of resublimed iodine along with 4 
grms. of potassium iodide (free from iodates) with about 20 c.c. of water in a litre flask until 
the iodine is dissolved. This occupies but two or three minutes. Make the solution up to a 
litre. Standardise the solution of iodine by dissolving 0-4092 grm. of pure arsenious oxide in 
a hot solution containing about 20 grms. of sodium hydroxide (free from sulphur) in 100 c.c. 
of water (B. Penot, Dingier' 8 Joum., 127, 134, 1853; L. Muller, i7>., 129, 286, 1853; D. 
Hancock, Joum. Amer. Chem. Soc., 16, 431, 1894); acidify the solution with hydrochloric 
acid, and then make the solution alkaline with sodium bicarbonate ; coo) ; make the solution 
up to a litre. Pipette 50 c.c. of this solution into a fiask; add about 2 c.c. of starch 
solution and titrate with the iodine solution until the permanent blue tinge is obtained. 
If 50 c.c. of the iodine solution are required, 1 c.c, of iodine solution represents 0-0004092 
grm. of AS(0,. The solution of iodine keeps very well if stored in a cool place in the dark. 

^ Arsenites can be determined in admixture with cupric and ferric salts, since the latter 
do not liberate iodine from iodide in the presence of Bochelle salt and sodium bicarbonate, 
but under similar conditions cuprous salts are oxidised by iodine — C. D. Lander and J. J. 
Geake, Analyst, 39, 116, 1914; S. Avery and H. T. Beans, Journ. Amer. Chem. Soc., 23, 485, 
1901. 

* F. P. Treadwell, Kurzes Lehrbuch der analytischen Chemie, Leipzig, 2, 536, 1911; Eng. 
trans.. New York, 2, 513, 1904. 
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the blue colour irrespective of the volume of the solution ; but if the volume of 
the solution to be titrated be greater than 150 c.c., more iodine is necessary the 
greater the volume of the solution. 

If the solutions to be titrated vary in volume, it is therefore necessary to 
apply a correction for the amount of the standard solution required to produce 
a coloration after the reaction between iodine and arsenious oxide is completed 
(compare page 181). 

§ 131. Pearce’s Volumetric Process for Arsenic. 

In Beniu'tt’s modification of Pearce’s process, ^ the compound containing the 
arsenic is oxidised and the arsenic oxide is precipitated as silver arsenate. The 
silver in the silver arsenate is determined by Volhard’s volumetric process and 
the corresponding AsgOg is computed by proportion. In the older process of 
E. Reich (1864), the silver arsenate is determined gravimetrically, and this may 
be advisable when standard solutions are not available and only an occasional 
arsenic determination has to be made.^ 

Preci})itation of Silver Arsenate . — The arsenic compound is dissolved in nitric 
acid — warming the solution if necessary. This oxidises the arsenious to arsenic 
oxide.® Add a few drops of phenolphthalein to the cold solution, and add 
sodium hydroxide until the indicator turns pink. Then add acetic acid, drop 
by dro]), with constant stirring until the colour is discharged,^ and add one 
drop of dilute acetic acid ® in excess.® The solution should now occupy about 
100 c.c. Add an excess, say 10 c.c., of a neutral solution of silver nitrate ’ with 
vigorous stirring. Let the precipitate settle a few minutes; decant the clear 
liquid; wash twice by decantation; and finally filter off the brick-red pre- 
ci}>itatc of silver arsenate --Ag 3 As 04 . Wash the precipitate with cold water 
until it is free from silver acetate and nitrate when tested with a drop of sodium 
chloride solution. 


^ H. Pearce, Proc. Colorado Scientific SffC., i, 14, 1883; Chem. News, 48 , 85, 1883; F. 
Reich and T. Richter, Zeif. anal. Chem., 25 , 411, 1886; A. H. Low, Joum. Amer. Chem. Soc., 
28 , 1715, 1906; J. F, Bennett, ? 6 ., 21 , 431, 1899; L. R. W. McCay, Amer. Chem. Joum,, 8 , 
77, 1886; 12 , 547, 1890; Chem. News, 48 , 7, 168, 1883; O. J. Frost, ib., 48 , 85, 1883; 53 , 
221, 232, 243, 1886; T. Brown, ib., 81 , 178, 184, 1900; Joum. Amer. Chem. Soc., 2I, 780, 1899; 
R. C. Canby, Trans. Amer. Inst. Min. Eng., 17 , 77, 1888/89; G. W. Lehmann and W. Mager, 
A mer. Chem. Journ., 7 , 112, 1885; H. E. Hooper, En^. Min. Joum., 94 , 706, 1912; J. Waddell, 
Journ. Ind. Eng. Chem., ii, 939, 1919; W. Eschweiler and W. Rohrs, Zeii. angew. Chem., 36 , 
464, 1923; G. Luff, Chem. Zig., 47 , 601, 1923; L. R. W. McCay, Journ. Amer. Chem. Soc., 50 , 
368, 1928; B. Tougarinoff, Bull. Soc. chim. Be^., 46 , 141, 1937. 

* In that case, the silver arsenate is precipitated as described in the text, filtered and 
washed with a dilute solution of ammonium nitrate. The precipitate is dissolved in ammonia 
and the solution evaporated and dried in a weighed platinum dish. From the weight of 
AgaAs 04 so obtained, the corresponding amount of arsenic or arsenious oxide can be readily 
compute. 

® If necessary, boil to expel carbon dioxide. 

* The precipitate formed later is soluble in nitric acid and ammonia. Nitric acid may bo 
liberated during the separation of silver arsenate ; NaaHAsOa + S^^NOg = Ag 8 As 04 + 2NaN08 
-fHNOg. Hence the solution must be carefully neutralised. These two reagents — ^nitric 
acid and ammonia — presented a difficulty in Pearce’s original method. Canby tried to 
eliminate the trouble with zinc oxide. As stated in the text, Bennett used a slightly acidified 
solution of sodium acetate in which “silver arsenate is practically insoluble.’* 

* Sodium acetate facilitates the subsequent separation of silver arsenate— C. E. Avery, 
Amer. J. Science, (2), 47 , 225, 1869. 

* If the solution be alkaline, silver oxide may separate. 

’ SiLVSB Nitbatb Solution. — ^An ordinary nitric acid solution of silver nitrate will not 
do. Dissolve 17 grms, of silver nitrate crystals in 500 c.c. of distilled water. One c.c. will 
precipitate 0*005 grm. of arsenic, that is, 1 per cent, if 0*5 grm. of sample were originally 
taken. Hence 10 o.c. is usually an excess. 
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Titration for the Silver . — Dissolve the precipitate in 5-10 c.c. of dilute nitric 
acid (1 : 1 ), and collect the filtrate and washings in a beaker.^ Dilute the solu- 
tion, if necessary, to 100 c.c. with water. Add 5 c.c. of a saturated solution of 
ferric animonium alum, and titrate with a standard solution of ammonium thio- 
cyanate 2 until a permanent red tint appears, according to Volhard’s well- 
known j)rocess (page 65). Shake the flask well during the titration to break up 
any clots of silver thiocyanate, which may enclose some of the solution to be 
titrated. The process works well with small amounts of arsenic; with large 
quantities, the bulky precipitate is inconvenient, and silver is expensive. Then 
use Mohr’s process, page 290. Phosphates and molybdates should, naturally, 
be absent. 

§ 132. The Evaluation of Arsenious Oxide. 

The amount of arsenic in commercial arsenious oxide can be determined by 
dissolving, say, OT) grrn. of the sample in 20 grins, of sodium hydroxide and 100 
c.c. of water. Acidify the solution with hydrochloric acid, and add about 100 
c.c. of a saturated solution of sodium bicarbonate. Titrate wdth standard 
iodine (a more concentrated standard solution than that indicated above may 
be used, say that indicated on page 319).® 

A mixture of arsenic and arsenious oxides may be treated in a similar 
manner. Direct titration gives the amount of arsenious oxide. A separate 
portion is similarly dissolved and the arsenic oxide (AsgO^) is reduced ^ by 
boiling with an excess of hydrochloric acid and potassium iodide. Boil the 
solution until all the free iodine has been driven ofi', and titrate the solution 
by Mohr’s process. This gives the total arsenious oxide. The difference 
between the amount obtained in the two titrations is expressed in terms of 
AsgOg by multiplying the difference by 1-1618. 

§ 133. Miscellaneous Processes. 

Various methods have been proposed which are based on the direct reduc- 
tion ^ of the arsenic compound to free arsenic. The reduced arsenic is then 
determined volumetrically or weighed as such. 

Meuricc ® adds hydrochloric acid and potassium bromide to the solution of 


^ A wliite precipitate of silver chloride may remain on the filter-paper undissolved. This 
can be neglected. 

“ Ammonium Tuiocyanate Solution. — Dissolve about 8 grms. of ammonium thio- 
cyanate in a litre of water. Standardise the solution by titration against a O-lN-solution of 
silver nitrate (acidified with nitric acid), with 5 c.c. of a saturated solution of iron alum as 
indicator. The thiocyanate solution can subsequently be diluted down to 0-lN-strength; 
the salt is so hygroscopic that an exact quantity of it cannot accurately lx? weighed out. 

® If copper is present, add 2~3 grms. sodium potassium tartrate after the sodium bicar- 
bonate, to prevent precipitation of the copper during the titration — 8 . Avery and H. T. 
Beans, Journ. Amer. Ghent. Soc., 23 , 485, 1901. 

♦ For reduction by potassium iodide, see L. Rosenthaler, Zeit. anal. Ghent., 45 , 596, 1900; 
ib., 61 , 222, 1922; K. and W. Bottger, ib., 70 , 97, 209, 1927; H. Heinrichs, Olastech. Ber., 4 , 
130, 1926; for reduction with hydriodic acid, F. A. Gooch and P. E. Browning, Amer. J. 
Science, (3), 39 , 188, 1890; (3), 40 , 66 , 1890; E. T. Allen and E. G. Zies, Journ. Amer, Get. 
80 c., I, 739, 1918; for reduction with sulphur dioxide, L. R. W. MoCay, Amer. Ghem. Journ., 
7 , 373, 1885. 

* For reduction by hypophosphorous acid, see R. Engel and J. Bernard, Gompt. rend,, 
122 , 390, 1896; by sodium hypophosphite, see L. Brandt, Ghem. Ztg., 37 , 1445, 1471, 1496, 
1913; ib., 38 , 984, 1914; by stannous chloride, see L. Andrews, Ghem. Ztg., 38 , 983, 1914; 
R. Fridl, Pharm, Zenirh,, 67 , 241, 1926; by titanous chloride, see A. OHTerio, Ann, Ghim. 
applicata, 21 , 211, 1931. 

® R. Meurioe, Ann, Ghim, anal,, 3 , 85, 1921. 
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arsenioiis arsenic and titrates with a standard solution of potassium dichromate 
in a current of air. The arsenic is oxidised to the pentavalent state and one 
drop of dichromate in excess liberates bromine, which is carried by the current 
of air into. a test tube containing starch-potassium iodide solution. 

Polyakov and Kolokolov ^ have worked out a colorimetric process, based on 
Feigl’s test for arsenic.^ 

^ A. Polyakov and N. Kolokolov, Biuchem. Ze.if., 213 , 375, 1!)29. (Compare H. J. Mottih 
and H. O. Calvcry, hid, Eng. Ohcm, Anal. Ed., 9 , 447, 1937. 

* For a review of the methods for determining arst'nie, see VV. l)(diio, Zeil. anal. Chem. 
99 , 50, 1934; M. Horn, ZeJt, Disinfekf. Gcmindh., 23 , 365, 1931. 



CHAPTER XXII. 


THE DETERMINATION OF ANTIMONY.^ 

§ 134. Antimony Sulphide. 

Antimony sulphide is fairly soluble in hydrochloric acid ® containing over 20 
per cent. HCl, as indicated on page 274. Hence it is necessary to work with 
dilute solutions if all the antimony is to be separated as sulphide. If the 
solution be too dilute, antimony oxychloride will separate. It is therefore best 
to work with a solution sufficiently acid, say 20 per cent. H(^l, in order to 
prevent the precipitation of the oxychloride. The acid solution is saturated 
with hydrogen sulphide, then diluted with, say, an equal volume of water, and 
again saturated with the gas,^ as indicated on page 275. 

At low temperatures, and particularly with rapid streams of hydrogen 
sulphide, the pentasulphide, SbgSg, is precipitated.^ The higher the tem- 
perature and the slower the stream of gas, the greater the amount of trisulphide, 
SbjSg, mixed with the pentasulphide.® In general work, therefore, we may 
assume that the precipitate will be a mixture of the two sulphides along with 
free sulphur. The precipitated sulphide is either red and amorjihous or grey 
and crystalline; which it is depends on such factors as the temperature of 
precipitation and concentration of solution. The grey precipitate is dense 
and compact and it filters and washes much more rapidly than the bulkier red 
precipitate. It is probable that the latter has more the character of a hydro- 
sulphide, Sb(H 8 ) 3 , and the former that of the anhydrous sulphide, SbgSg. 
When much tartaric acid is present, the precipitate is usually red. 

The Influence of Chlorides . — The precipitated antimony sulphide, Sb 2 S 3 , 
almost invariably contains chlorine, which has usually been attributed to 
imperfect washing.® Part of the chlorine is evolved as hydrogen chloride when 

^ For a bibliography of the analysis of antimony, see E. R. Darling, Chem. En^., 27, 
11, 63, 1919. 

® J. Lang, Rer., 18, 2714, 1885; J. Theile, Liebig's Ann., 263, 361, 1891; EeiL anal. 
Chem., 30, 473, 1891; T. Wilm, ib., 30, 428, 1891; O. BoSek, Ckem. News, 71, 195, 1896; 
B. Brauner, tb., 71, 196, 1895; M. Berthelot, Compt. rend., 102, 22, 84, 86, 1886; A. Ditto, 
ib., 102, 168, 212, 1886; G. C. Wittstein, V%erteljahr. prakt. Pharm., 18, 531, 1869; E. E. 
Brownson, Mtn. Eng. World, 39, 1155, 1913. 

* If the solution be too acid, the clear filtrate will become turbid as soon as it comes in 
contact with water — say a moist beaker. In that case the solution must be diluted with 
water and refiltered. 

^ When the amount of hydrochloric acid in solution exceeds 10 per cent., the greater the 
amount of hydrochloric acid, the greater the proi>ortion of pentasulphide precipitated. 

^ Dark brown Sb^S^ is precipitated from cold solutions of antimonic salts, but not from 
antimonious salts, by an excess of hydrogen sulphide in aqueous solution. 

® A. Dufios, Schweigger's Journ., 67, 270, 1833; H. Rose, Fogg. Ann., 28, 481, 1833; 
98, 456, 1856; A. Fischer, Zeit. anorg. Chem., 42, 363, 1904; E. G. Beckett, BeUr€bg xur 
BeMimmung des ArUimons, Zurich, 1909; Chem. News, X02, 101, 1910; O. Petricicolli and 
M. Reuter, Zeit. angew. Chem,, 14, 1179, 1901; L. A. Youtz, Jmm. Amet, Chem. iSoc», 30, 
975, 1908; J. P. Cooke, Proc. Amer. Acad., 13, 27, 1877. 
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the sulphide is heated to 300®, and hence Beckett infers it is not all present 
as adsorbed hydrogen chloride; the other part of the chlorine is lost as 
antimony chloride when the sulphide is melted. Beckett calls the former 
“volatile chlorine’’ and the latter “fixed chlorine.” In antimony sulphide, 
precipitated by Clarke and Henz’s procesvs, Beckett found 

Volatile chlorine. Fixed chlorine. Ratio. 

0'81 per cent. 0*30 per cent. : 1 


and believes that the precipitated sulphide is a mixture of antimony hydro- 
.HS .Cl 

sulphide, HS - Sb<^ , with mono- and di-chlorohydrosulphides, HS - Sh<^ 

\hs ^HS 




and HS -Slx^ . On heating to 300® he considers that the first decomposes 

Vl 

into SbgSg and HgS, while the monochlorohydrosulphide gives SbgSg and a 
mixture of H(1 and HoS or SbS(’l and HgS 

,r, ‘ 

2HS-Sl< -SbaS 3 + 2HCI + H,S or HS-Sb<; :^SbSCl + HaS 
\hS ■ ^HS 

and the dichlorohvdrofiulphide ^ivcs SbSCl and HC'l; 

H8-Sb< =SbS01 + HCl 
\€1 


Although the red sulphide precipitate, dried at 110% retains more “chlorine” 
than the grey sulphide, Beckett considers that “this is without influence,” 
because in either case the same amount of sulphide is finally obtained. After 
the precipitate has been heated to 300® in a current of carbon dioxide, virtually 
all but 0*15 to 0‘3 per cent, of the “ fixed” chlorine is driven off and this amount 
has no appreciable influence on the result. If desired, a chlorine-free sulphide 
can be made by melting the sulphide in a stream of hydrogen sulphide. 

The Ignition of Antimony Sulphide . — When the antimony is to be weighed 
as trisulphide, the excess of sulphur is removed from the precipitate by washing 
with, say, carbon disulphide, and the precipitate is thoroughly dried in a neutral 
atmosphere, say, carbon dioxide. In illustration, a precipitate of trisulphide, 
after drying 4 hours at 110®, weighed 0-5861 grm. ; after washing with carbon 
disulphide and alcohol, and drying at 150® for two hours, 0-5552 grm.; again 
washing with carbon disulphide, and drying one hour at 180®, 0-5547 grm. 
Further drying for an hour at the temperatures indicated gave the following 
results : 

Temperature . 200® 220® 250® 280® 300® 

Weight . . 0-5540 0-5538 0-5526 0-5523 0-5516 grm. 


the weight then remaining practically constant. 

Influence of Oxalic Acid . — The addition of oxalic acid to a solution of 
antimony or tin, feebly acid with hydrochloric acid, produces a white precipi- 
tate of antimony or tin oxalate; if the solution be alkaline, fairly soluble double 
oxalates are formed and the solution will remain clear, without turbidity, 
provided sufficient alkali be present. Hydrogen sulphide produces an orange 
to grey coloured precipitate of antimony trisulphide in solutions of an antimoni- 
ous salt; and in solutions of a stannous salt, a black precipitate of staxmotia 
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sulphide.^ In the presence of oxalic acid, antimonic sulphide is precipitated, 
while stannic salts are imperfectly precipitated, by hydrogen sulphide. If the 
solution be hot, and a sufficient excess of oxalic acid be present, the stannic 
sulphide is not precipitated at all.^ 

Influevce of Tartaric Acid, — When the above reaction is used for the 
separation of antimony and tin, it is necessary to oxidise the stannous salts to 
the stannic state. This is conveniently done by means of hydrogen peroxide. 
Tin, however, may be carried down with the antimony sul])hide. Hence the 
precipitate must be dissolved in sodium sulphide, more oxalic acid added and 
the antimony sulphide again precip.tated. The preliminary addition of an 
excess of tartaric acid prevents the precipitation of tin alonq with antimony 
snlphide and renders a second precipitation unnecessary. This is the principle 
upon which Clarke and Henz’s process ® for the sej)aration of tin and antimony 
is founded. H. Rose pointed out that the presence of tartaric acid also retards 
the separation of chloride- -possibly SbOCl or S])S(^I — with the precipitate. 
The chloride, if jnesent, volatilises when the precipitate is heated to 300^ in a 
stream of carbon dioxide and thus leads to low results ^ (see ])age 296). The 
greater the amount of tartaric acid in the solution, the less the danger of loss 
from this cause. Thus, with the preci])itatc from a gram of antimony the 
loss on ignition was as follows: 

Tartaric acid used . . .0 2*5 5*5 grins. 

]a)ss on ignition . . 0*37 ()-18 0*0.5 per cent. 

§ 135. The Gravimetric Separation of Antimony and Tin ~ 
Clarke and Henzes Process. 

Preparation of the Solution for the jPrm/nVa/m/?. -Dissolve, say, the mixed 
sulphides containing less than the equivalent of 0*3 grrn. of the mixed metals in 
a solution of sodium or potassium sulphide (page 276) in a 500 c.c. beaker. 


^ Stannous sulphide is brown; stannic sulphide, yellow; a mixture of the two, maroon 
colour. C. F. Barfoed, Zeh. anat, Chem., 7 , 260, 1868; T. Scheerer, Jonrn, pmkt, Chem,, 
(2), 3 , 472, 1871 ; A. Carnot, Compt. rend., 103 , 258, 1886. 

2 G. Vortmann and A. Metzl {Znt. anal. Chew., 44 , 525, 1905) and Mile. Mouret and 
J. Barlot {Bull. Soc. chim,, (4), 29 , 743, 1921) use phosphoric at;id in place of oxalic acid 
to keep the tin in solution; M. Huybrechts {Bull. Boc. chim. BeUj., 27 , 66 , 1913), sodium 
pyrophosphate, Na 4 p 20 ,; A. Kling and A. Lassieur {Compt. rend., 170 , 1112, 1920), hydro- 
fluoric acid. According to G. Luff {Chem. Ztg., 45 , 229, 1921; 47 , 601, 1923), A. Prim {ib., 
41 , 414, 1917) and A. Thiirmcr {Zeit. anal. Che.m.,j^, 196, 1928), antimony sulphide can bo 
precipitated free from tin in the presence of a sufficient excess of hydrochloric acid. See 
also iC. Winkler, Bull. Boc. chim,, Belg,, 42 , 503, 1933. 

® F. W. Clarke, Amer. J. Bcience, (2), 49 , 48, 1870; Chem. News, 21 , 124, 1870; Zeit. 
anal. Chem., 9 , 487, 1870; 21 , 114, 1882; A. Rossing, ib., 41 , 1, 1902; G. Vortmann and 
A. Metzl, ib., 44 , 525, 1905; E. Lesser, ib., 27 , 218, 1888; J. A. Muller, ib., 34 , 171, 1895; 
A. Czerwek, ib., 45 , 505, 1906; F. Henz, Zeit. anorg. Chem., 37 , 1 , 1903; A. Fischer, ib., 42 , 
372, 1904; A. Gutbier and C. Brunner, Zeit. angew. Chem., 17 , 1137, 1904; C. Ratner, Chem. 
Ztg., 26 , 873, 1902; J. Clark, Jmrn. 80 c. Chem. Ind., 15 , 255, 1896; R. Bunsen, Liebig's 
Ann., ig 2 f 317, 1878; Zeit. anal. Chem., 18 , 264, 1879; A. Carnot, Compt. rend., 103 , 258, 
1886; Chem. News, 54 , 89, 1886; H. N. Warren, ib., 62 ^ 216, 1890; G. C. Wittstein and 
A. B. Clark, Vierteljahr. prakt. Pharm., 19 , 551, 1870; F. P. Dewey, Amer. Chem. Journ., 
I, 244, 1879; Chem. News, 40 , 257, 1879; O. Klenker, Joum. prakt. Chem., (2), 59 , 353, 
1899; T. Brown, Joum. Amer. Chem. Boc., 21 , 780, 1899; Chem. News, 81 , 178, 184, 1900; 
C, Hallmann, Vergleichende Untersuchung iiber Methoden de.r quantikUiven Antimon bestim- 
mung, Aachen, 1911; A. Inhelder, Beitrag zur Trennung des Antimons und Zinns und zur 
Analyse von Lagermetallen, Zurich, 1911; P. Wenger and G. Paraud, Ann. Chim. anal. Chim, 
5> 230, 1923; P. E. Winkler, Rwll. 80 c. chim. Belg., 41 , 115, 1932. 

* H. Rose, Pogg. Ann,, 98 , 455, 1866; O. Petriccioli and M. Reuter, Zeit, angew. Chem., 
14 , 1179, 1901; L, A. Youtz, Joum, Amer. Chem, 80 c,, 30 , 976, 1908. 
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Add 6 grms. of the purest potassium hydroxide 3 grms. of tartaric acid 2; 
and as much hydrogen peroxide (30 per cent.) as is necessary to decolorise the 
solution. Then add a volume of hydrogen peroxide equal to that already 
added. Boil the solution for a few minutes until the evolution of oxygen is 
over and the thio-salt is oxidised.® Cool. Cover the beaker with a clock- 
glass; add 15 grms. of pure oxalic acid.^ Carbon dioxide comes off vigorously. 
Boil the solution briskly for 10 minutes to decompose the hydrogen peroxide 
comy)letely. The solution, now occupying about 80 or 1 00 c.c., is allowed to cool. 

Precipitation of Antimony Sulphide. — Pass a rapid current of hydrogen 
sulphide through the cold solution and then heat it to the boiling-point, all 
the time maintaining the current of hydrogen sulphide. Keep the flask or 
beaker in a boiling water bath.® After about 15 minutes dilute the solution to 
about 250 c.c. Continue the current of gas another 15 minutes. Remove the 
source of heat and continue the current of gas another 10 minutes longer. 
Let the precipitate settle until the solution is cold. 

Washing the PreripitMe. — Decant the dense preci})itate of antimony sulphide 
through a (L)och crucible ® which has been heated to about 300"^ in a stream 
of carbon dioxide for about an hour before cooling in the desiccator and weigh- 
ing. Wash the j)recipitatc twice by decantation wdth a 1 per cent, solution of 
oxalic acid and twice by decantation with very dilute acetic acid. Both wash- 
ing liquids should be boiling and kept saturated with hydrogen sulphide."^ The 
filtering and washing should be done as quickly as possible, since the antimony 
sul[)hide is liable to decompose or deflocculate and pass into solution.® The 
precipitate will be contaminated with some sulphur. It is best to remove most 
of the sulphur by washing three times with alcohol, then with a mixture of equal 
parts of alcohol and carbon disulphide, again with alcohol, and finally with ether. 

The Ignition of the Precipitate.- \)ry the precipitate and heat it gradually 
to betw'een 250° and 300° in a stream of carbon dioxide for between 30 and 60 
minutes. The heating is conveniently done in Paul's drying oven,’® fig. 87. 


^ That is, one-tliircl the sum of the weights of the mixed tartaric and oxalic acids. Use 
potassium hydroxide “pure by alcohol." 

® That is, 10 times the maximum weight of the mixed metals — tin and antimony — in 
the solution. 

® All the peroxide cannot Ik» decomposed at this stage. 

* That is, 50 times the weight of the mixed metals in the solution. The hot solution should 
be saturated with oxalic acid. 

* Jf the solution be kept cold, the antimony sulphide will be difficult to filt^er so as to form 
a clear solution; if the gas be passed at once into the boiling solution, the precipitate is liable 
to stick tenaciously to the sides of the beaker, Mhereas if the gas be passed into the cold 
solution and the solution gradually heated to boiling during the passage of the gas, the 
precipitate is granular and washes easily — S. P. Sharpies, Amnr. J. Science, (2), 50 , 248, 
1870; Chem. News, 22 , 259, 1870. 

* If arsenic be present, it too will be precipitated as sulphide. Filter tubes, figs. 32 B 
and C, can be used. W. Gibbs and E. R. Taylor, Amer, J. Science, (2), 44 , 215, 1867; 
R. Fresenius, Zeii. anal. Chem., 8 , 155, 1869. 

’ At this stage the antimony can usually be determined volu metrically, with a great 
saving in time, if a standard solution is ready. 

* C. Friediheim and P. Michaelis, Zeit. anal. Chem., 34 , 505, 1895; J. Theile, ib., 30 , 479, 
1891. The treatment described in the text is better than washing with carbon disulphide 
alone, since the latter may be entangled with the precipitate, and not pass through the 
filter-paper. Antimonic sulphide, Sb^Ss, is not decomposed into antimonious sulphide, 
86 , 83 , and sulphur by the treatment with carbon disulphide. 

* See page 356 for the removal of sulphur from sulphides and for an extraction apparatus. 

T. Paul, Zeit. anal. Chem., 31 , 537, 1892. In fig, 87, T represents the thermometer, 

B a Habermann's wash-bottle oontaining sulphuric acid for cleaning the carbon dioxide. 
The carbon dioxide must be free from air, or some of the antimony will be oxidised to Sb^O,. 
F. Henz*s gas generator (Chem. Ztg., 26, 386, 1902) is one of the best generators*’ for 
this experiment. 
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The sulphur in the precipitate is volatilised and the antimony pentasulphide 
is transformed into the grey trisulphide. The sulphur will all have volatilised 
in about an hour.^ The crucible is cooled and weighed. When two successive 
weighings do not differ by more than 0*0005 grm., the operation is complete. 



Fig. 87. — Ignition of Antimony Sulphide. 

The weight of the precipitate — Sb 2 S 3 — multiplied by 0*8582 represents the 
corresponding amount of SbgOa. 

Example. — The sulphide from 1 grm. of material, after half an hour's ignition 
in Paul’s oven, as indicated above, gave, on first weighing, 0 02423 grm. SbaS.,. After 
ignition for another 15 minutes, the sulphide weighed 0-02418 grm. Hence 0-0242 x 
0-8582 = 0-0208 grm., that is, 2-08 per cent, of Sb 203 . 

The Accuracy of the Process , — One objection to this process is the great 
amount of oxalic and tartaric acid required to keep the tin in solution.^ The 
chief errors arise from (1) the presence of free mineral acids; (2) the use of too 
concentrated solutions ; (3) the error in assuming the ignited precipitate is normal 
trisulphide, SbgSj*, and (4) the presence of “fixed chlorine” (p. 296), introduc- 
ing (a) an erroneous computation based on Sb 2 S 3 when some SbSCl is present, 
and (b) the volatilisation of antimony chloride if the precipitate is melted. In 
illustration of the degree of accuracy which can be obtained with this method. 


1 The heating should not extend much more than an hour, or some antimony sulphide 
may be lost by volatilisation, but, if chlorides are absent, the sulphide can be heated to its 
melting-point (540°~555°) in a current of carbon dioxide without loss. See L. A. Youtz, 
Joum. Amer, Chem, Soc,, 30 , 975, 1908. According to A. Oaffin (Monit, 8 cient,^ (5), 4 , 148, 
1914), the determination of the sulphur in the antimony trisulphide checks the result. 

* W. Dancer (Jowm, 80 c, Chem, Irid,, x 6 , 403, 1897) and J. Marburg {Zeit, aruU, Chem,, 
39 , 47, 1900) ffrst precipitate the tin with an excess of lime water. 
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the following numbers are cited for mixtures of known amounts of antimony 
and tin: — 

Table XLIL — Test Analyses of Mixtures of Antimony and Tin, 


Antimony. 

Tin. 

Used. 

Found. 

Used. 

Found. 

0f)46;i 

0-0462 

0*2,555 

0*2532 

()()463 

0 0461 

0*1017 

0*1011 

0 0924 

0 092.3 

00103 

0*0103 

01 855 

01853 

0-1017 

0*0999 


If the antimony is to be separated from a complex enamel, naturally the 
values for the antimony will not be so concordant as this. The tin was here 
determined by the electrolytic process, page 320. The method thus gives good 
results, although it is somewhat laborious and consequently volumetric pro- 
cesses are used wherever practicable. The volumetric process, however, is not 
satisfactory when less than 1 per cent, of antimony is present. For many 
purposes the “iron precipitation’’ of antimony is the most convenient process 
for the separation of antimony from tin.^ 

Effect of Molybdenum , — The separation of arsenic and tin is even sharper 
than the separation of antimony and tin by Clarke’s process. To separate 
molybdenum from “stannic” tin requires a modification of the process. 
Antimony and molybdenum are precipitated together. “By adding an 
alkali sulphide in excess to a solution containing a molybdate,” says Clarke, 
“and then decomposing the thio-salt with a considerable quantity of dilute 
hydrochloric acid, and allowing the whole to stand overnight in a warm place, 
the molybdenum is precipitated. The sulphide thus obtained can be easily 
washed with a mixture of dilute hydrochloric acid and ammonium chloride. If 
now, by this process, we throw down tin and molybdenum together, every 
trace of the former metal may be dissolved out by boiling the mixed sulphides 
for about three-quarters of an hour with oxalic acid (20 grms. of oxalic acid per 
gram of tin). It is best to have present in the solution, while boiling, a little 
dilute hydrochloric acid. If antimony be present, it is necessary, just before 
ceasing to boil, to add to the solution an equal volume of a saturated solution of 
hydrogen sulphide to reprecipitate any antimony which may have gone into 
solution.” 2 

§ 136. Herroun and Weller^s Volumetric Iodide Process 
for Antimony. 

The solution containing the antimony and tin may be divided into two 
parts: the antimony determined in one part by this or by Gyory’s process, 
and the tin in the other part by one of the processes indicated on page 316 


^ For the “rapid” electro-deposition of both antimony and tin from the ammonium 
sulphide solution of the two sulphides, digestion of the mixed metals with aqua regia, and 
titration of the antimony by Herroun and Weller’s process, see D. J. Demorest, Joum, Ind, 
Eng, Ghem,, 2 , 80, 1910; Chem, Nem^ xoi, 260, 1910. 

> Tungsten gives discordant results. Sometimes the tungsten sulphide seems to dissolve 
like tin; at others, the solution is only partial — ^F. W. Clarke, Amer, J, Science, ( 2 ), 49 , 48, 
1870 ; Chem, News, 21 , 124 , 1870 . 



302 A TREATISE ON CHEMICAL ANALYSIS. 

et seq. In Herroun and Weller’s process ^ the antimony is all oxidised to 
antimony pentachloride, mixed with potassium iodide, and the amount of 
iodine liberated by the reduction of the antirnonic to antimonious chloride 
determined by titration with sodium thiosulphate, as indicated on page 368, 
or by stannous chloride — the alternative process here described. Which 
process — thiosulphate or stannous chloride —is used will often be determined 
by the most convenient standard solutions. 

The Oxidation of Antimonious to Antimonic Chloride, — The sulphide is trans- 
ferred to a 600 c.c. Erlenmeyer’s flask and dissolved by boiling with a mixture 
of concentrated hydrochloric acid and potassium chlorate. The latter is added 
in small jmrtions at a time. The object is to convert the antimony trichloride — 
SbCly — into the pentachloride — SbClg.^ When the free chlorine and chlorine 
oxides have been driven off by boiling, and the volume of the solution is about 
50 C.C., let the solution cool. When cold, add 20 c.c. of concentrated hydro- 
chloric acid and dilute the solution to about 200 c.c. with cold, recently boiled 
distilled water. 

The Liberation of Iodine. — Add, say, 5 grms. of potassium iodide dissolved 
in 10 c.c. of water. Stir the solution thoroughly. The antimony pentachloride 
is reduced to the trichloride. The reaction is represented: 

SbCls + 2Kl::^SbCl3 + 2KC1 + 12 

The solution now has a brown colour due to the liberated iodine. The strong 
acidity of the solution prevents the precipitation of antimony oxychloride. 
Dilute the solution to about 400 c.c. 

Titration nith Stannmis Chloride. — Titrate the solution, at once,® with a 
standard solution of sodium thiosulphate or of stannous chloride.^ The 


^ E. F. Herroun, Vhem. Netvs, 45, 101, 1882; A. Weller, Liebig's Ann.^ 213, 3r>4, 1882; 

L. A. Youtz, School Mines Qmrt., 24, 135, 407, HW)3; Zeit. anorg. Cheni., 37, 337, 1903; 
A. Kolb and K. Formhals, <6., 58, 202, ioOS; E. iSchmidt, Chem. Zig., 34, 453, 1910; H. CauHse, 
Vompt. rend., 125, 1100, 1897; H. Giraud, Butt. Soc. chim., (2), 46, 504, 1886; G. Kollin, 
Ann. Chim. anal, app,, 6, 114, HK)2; G. von Knorrc, Zeit. angr,w. Chem., i, 1.55, 1888; 

M. Rohmer, Ber., 34, 1565, HK)1; ,1. Darroch, Ch^m. Eng., 4, 162, 1906; G. 8. Jamieson, 
Jonrn. Ind. Eng. Chem., 3, 250, 1911; F. I,<^hmann and M. Berdau, Apoth. Zfg., 29, 186, 
1914; F. I,*ehmann and B. Lokau, Arch. Pharm.,2$2, 408, 1914; F. l^tz, Ournmi-Zeit., 29, 137, 
1914; P. E. Winkler, Bull. Soc. chim. Belg., 36, 491, 1927; IJelv. Chim. Acta, 10, 837, 1927. 

* Any stannous salts which may be present are also oxidised to stannic salts. 

* Iodine titrations are usually made in Erlenmeyer’s flasks, not in beakers, on account of 
the volatility of the iodine during the titration. A large excess of potassium iodide lessens 
the danger of losing iodine in this w^ay. For a similar reason, iodine titrations should l)e 
performed immediately the iodine has separated; and the solution should be cold. J. Wagner 
{Zeit. anal. Chem., 27, 137, 1888; C. R. A. Wright, Chem. News, 21, 163, 1870) found that 
with the same amount of sodium thiosulphate solution: 

Temperature . . 16^ 30^^ 38" 50° 75° 83° 91° 

Iodine sol. . . 39*6 39-8 40-0 401 40-7 40-9 41-4 c.c. 

These numbers show^ that the higher the temperature, the less the amount of thiosulphate 
needed in titrating a given amount of iodine; and conversely. E. 8herer, Chem. News, 21, 
141, 1870; A. Lecture, Journ. Pharm. Chim., (7), 9, 341, 1914; W. T. Hall and J. Blatchford, 
Chem. Met. Eng., 14, 164, 1916; J. T. Norton. Awer. J. ScL, (4), 7, 287, 1899. 

* Standaei) Stannous Chlobide. — Dissolve, say, 10 grms. of stannous chloride in 60 
grms. of hydrochloric acid (sp. gr. 112). Dilute the solution to a litre. Dissolve 0*2 grm. 
of metallic antimony in concentrated hydrochloric acid and potassium chlorate (or bromine) 
in the cold. Metallic antimony is but slowly atacked by hot hydrochloric acid and potassium 
chlorate. Boil the solution to get rid of the chlorine oxides (or bromine). Cool and dilute. 
Add potassium iodide and carry out the titration as indicated in the text. The antimony 
equivalent of the standard solution of stannous chloride is thus simple arithmetic. Herroun 
and Weller titrated with standard sodium thiosulphate, but we prefer stannous chloride, if the 
preparation of the solution is not inconvenient. The objection to the stannous chloride 



THE DETERMINATION OF ANTIMONY. 303 

solution should be well shaken during the titration, particularly towards the 
end. When the end-point is near, the solution becomes pale yellow. Then 
add a couple of drops of starch solution (page 285). Shake the solution vigor- 
ously and titrate until the blue colour of the “starch iodide” has disappeared. 
The end-point is very sharp and, cotisequently, the standard solution must be 
added cautiously drop by drop. If any after-blueing occurs, it will be due to 
secondary reactions and may be ignored. The reaction which takes place 
during the titration may be represented: 

SnClg + 12 + 21IC1 - SnCl4 + 2HI 

Influence of Foreign Metah. — Arsenic reacts in a similar manner to 
antimony, and cupric salts also liberate iodine from potassium iodide.^ Bis- 
muth iodide resembles the colour of free iodine in solution and consequently 
obscures the end-point, but does not otherwise interfere. Tin, as stannic 
chloride, does no harm. 

Influence of H gdrochloric Acid. — Too much hydrochloric acid gives high 
results owing to the action of the acid on the potassium iodide.^ The solution 
should not contain much more than about one-fifth of its volume of con- 
centrated hydrochloric acid (sp. gr. 1*1 6). Too little hydrochloric acid leads to 
the separation of basic chlorides or iodides of antimony.^ By following the 
above directions- boiling dow^n to 50 c.c. — an acid of constant strength being 
obtained — approximately 20 per cent. HCl — and diluting the solution as 
indicated, satisfactory results will be obtained. Tf the acidity of the solution 
used for standardising the stannous chloride be the same as that of the sample 
und(*.r investigation and the general treatment be the same,^ determinations can 
be made more quickly and as accurately as by the gravimetric process when over 
1 per cent, of antimony is present. If less than 1 per cent, be present, use the 
gravimetric process of Clarke. 

Relation of Herroun and WelleFs to Mohr's Process. — Mohr’s prcKJess for 
arsenic (page 290) gives excellent results when ap])Iied to antimony and 
Herroun and Weller’s process for antimony is quite satisfactory when applied 


titration is the instability of the solution due to oxidation. F. Weil {Compt. rend., 134 , 115, 
1902) adds some fragments of marble to the solution under titration, thus maintaining an 
atmosphere of carbon dioxide in the titration vessel, which protects the stannous chloride 
solution from oxidation during delivery from the burette. The objection to the thiosulphate 
titration rests on the well-known reaction between sodium thiosulphate and strong acids. 
For the sodium thiosulphate titration, st^ page 368. 

^ Arsenic can be removed by boiling the solution with concentrated hydrochloric acid; 
copper and bismuth can be removed by washing the precipitated sulphides on a filter-paper 
with sodium sulphide. 

* For the action of free acid on potassium iodide, see I. Bhaduri, Zeit. anorg. Chem., 13 , 
391, 1897; R. Fresenius, Quantitaiwe Analysis, i, 104, 1876; A. Kolb, Chem. Ztg., 39 , 299, 
1915; F. A. Gooch and J. 0. Morris, Zeii. anorg. Chem., 25 , 227, 1900; Amer. J. ScL, (4), 
10 , 151, 1900. 

* Setj also A. Kolb, Chem. Ztg., 39 , 299, 1915; A. Travers and Houot, Compt. rend., 184 , 
605, 1927. 

* Some prefer to make a blank test and find the amount of stannous chloride or sodium 
thiosulphate needed when no antimony is present. For the influence of organic substances 
on iodine titrations, see .). Klaudie, Listy Chemicke, 12 , 91, 1888. Saturated fatty acids and 
sugar have no action; aldehyde, phenol, tannin and the aromatic alcohols interfere. 

* E. G. Beckett (Beiirag zur Bestifnmung des Antimony, Zurich, 72, 1909); S. Metzl (Zeit. 
amrg. Chem., 48 , 156, 1906); F. Henz (ib., 37 , 1, 1903); 0. Lutz (ib., 49 , 338, 1906); F. A. 
Goo^ and H. W. Gruener (Zeit. anal. Chem., 32 , 471, 1893) consider that anhydrous potassium 
antimonyl tartrate, K( 8 b 0 )C 4 H 40 ,, is very suited as a reagent for standardising iodine 
solutions for technical purposes. The salt is dehydrated by desiccation over sulphuric 
acid for a oou|de of weeks and then finally over phosphorus pentoxide. 
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to arsenic.^ A comparison of the two processes is interesting. The same 
general equation applies to both: 

EgOj + 2Ia + 2Hj0=5^Ri,05 + 4HI 

Mohr->. -e-Herroun and Weller 

In Mohr’s process, the reverse action indicated in the equation is prevented by 
keeping down the concentration of the hydriodic acid by means of an excess of 
alkali (sodium bicarbonate) in the solution. In Herroun and Weller’s process, 
the reverse action is prevented by the relatively strong acidity of the solution.® 

§ 137. Gyory’s Volumetric Bromate Process for Antimony. 

This process ® may be used as an alternative to that which precedes. 
Chemists who use this process regularly are enthusiastic about its merits. The 
sample under investigation is dissolved in a 250 c.c. Erlenmeyer’s flask with 
20 c.c. of concentrated hydrochloric acid and a little potassium chlorate or a 
few drops of bromine. Boil the solution. 

Reduction of the Antimonic and Arsenic Salts. — Add, say, 0*75 grm. of 
crystalline sodium sulphite in order to reduce the antimonic to antimonious 
chloride and the arsenic to arsenious chloride.^ Boil vigorously until the 
solution is reduced to about half its former volume. This drives off the sulphur 
dioxide and volatilises the arsenic.^ Rinse the sides of the flask with hot 
water and add 10 c.c. of hydrochloric acid to the solution. 

The Titration. — Heat the solution to about 80'' or 90°, and titrate with a 
standard solution of potassium bromate ® until nearly all the antimony is 
oxidised to antimonic chloride.’ Add 3 drops of methyl orange, and continue 
the titration until the tint of the methyl orange is destroyed.® The solution 

^ T. Smith, Journ. Amer. Chem. Soc.., 21, 769, 1899; F. A. Gooch and T. E. Brownin/^?, 
Amer. J. Science, (3), 40, 66, 1891; F. A. Gooch and J. C. Morris, Zeit. anorg. Che.m., 25, 
227, 1900; Amer. J. Science, (4), 10, 161, 1900. 

* A. Kolb and R. Formhals, Zeif. anorg. Chem., 58, 189, 1908. 

® S. Gyory, Zeit. anal. Chem., 32, 416, 1893; H. Nissenaon and P. Siedler, Chem. Ztg., 
27, 749, 1903; E. Schmidt, ib., 34, 453, 1910; J. B. Duncan, Chem. News, 95, 49, 1907; 
H. W. Rowell, Joum. 8(k. Chem. Ind., 25, 1181, 1906; F. Foerster, Elektrochem. Zeit., 15, 
232, 1909; A. Christensen, Pharm. Ztg., 41, 326, 1896; W. Schmitz, Oummi-Zeit., 28, 453, 
1913; F, Utz, ib., 2 % 137, 1914; H. Nissenson, Zeit. anorg. Chem., 81, 46, 1913; E. Zintl and 
H. Wattenburg, Ber., 56, 472, 1923; O. Collenberg and G. Bakke, Tids. Kemi Bergvaesen, 
3, 93, 104, 1923; J. Preacher, Pharm, Zentralhalle, 65, 61, 1924; T. Nakasono and S. Inoko, 
Joum. Chem. 80 c. Japan, 47, 20, 1926; H. Heinrichs, Olastech. Ber., 4, 130, 1927; L. R. W. 
McCay, Joum. Amer. Chem. Soc., 50, 368, 1928; H. Blumenthal, Zeit. anal. Chem., 74, 33, 
1928; H. Biltz, ih., 81, 82, 1930; C. W. Anderson, Ind. En^. Chem. Anal. Ed., 5, 32, 1933; 
6, 456, 1934. 

* The stannic chloride is not reduced. 

® The amount of antimony “lost” by volatilisation or reoxidation is inappreciable. 
Most of the arsenic will be volatilised, since arsenious chloride is fairly volatile from boiling 
solutions. See page 269. 

* Potassium Bbomate Solutiok. — Dissolve, say, 2*7836 grms. of the pure salt in a litre 
of water. To standarc^e the solution, dissolve 0*2 grm, of metallic antimony in hydro- 
chloric acid and potassium chlorate as indicated on page 302, footnote 4. The reduction 
and titration of the resulting solution are conducted as indicated in the text. 

’ If lead be present, and the lead chloride separates as the solution cools, boil the solution 
again in order to keep the lead chloride in solution while the titration is in progress. 

* Some prefer to use, as indicator, a solution of indigo made by dissolving powdered indigo 
in fuming sulphuric acid. Neutralise the solution with calcium carbonate; dilute with 
10 times its voluide of water and filter the blue liquid. Add 3 drops of this solution at the 
start and more when the reaction is nearly competed. The blue passes through various 
shades of greenish yellow into pale green. The colour is discharged with a drop of bromate 
in excess. The indigo solution is not so sensitive an indicator as the methyl orange and the 
results with the indigo are a little higher than with methyl orange. 
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should be thoroughly agitated during the titration, so that local excesses of 
bromate are not formed.^ If very little broinate be needed, the indicator may 
be added before the titration. This, however, is an extreme case. If over 
10 c.c. of bromate are needed, it is best to run in the greater part of the bromate 
before adding the indicator. The indicator has a tendency to fade, and if it be 
used from the start on an “unknown,” it is necessary to add more from time 
to time as the titration progresses. The first titration may be used to find the 
approximate amount of bromate needed. The solution is run from the burette. 
The reaction is represented by the equation : 

KBrOg + 7HC1 + SSbClg - KCl + HBr + SSbCl^ + SHgO 

Any further addition of bromate destroys the colour of the methyl orange, 
probably owing to the liberation of bromine by the action of free acid on the 
bromate, for if bromate be added after the methyl orange has lost its colour, 
the yellow colour of the bromine appears in a short time. 

Influence of Foreign Substances. — The process works well in the presence 
of lead, zinc, tin,^ silver, chromium and sulphuric acid, since these substances 
have no appreciable effect on the result. The presence of large amounts 
of calcium, magnesium and ammonium salts gives high results. Iron and 
copper are partly reduced by the sodium sulphite in the solution and hence 
react with the bromate, giving high results. Rowell states that 1 to e^) per cent, 
of iron raises the amount of antimony by ap])roximately 0*02 per cent. He 
also states that, for every 0*1 per cent, of copper in the sample up to 1 percent., 
0*012 per cent, of antimony should be subtracted. 

Accuracy of the Process. — The most important sources of error are: (1) 
incomplete expulsion of sulphur dioxide; (2) the imperfect volatilisation of 
arsenic, if present; and (3) over-titration, when too little hydrochloric acid 
is present, owing to the slowness of the reaction. In illustration of the accuracy 
of the process, the following determinations, by Rowell, may be quoted: — 


Table XLIII .—-Test Analyses of Antimony Ores. 


1 

! 

Nature of mixture. 

Antimony (per cent.). 

Volumetric 

bromate 

process. 

1 

(Gravimetric t 
(as Sb^S,,). I 

j 

i 

Antimony sulphide .... 

71-40 

71 -35 

Stihnite (As, Fe) .... 

71-20 

71-35 

Lead ; antimony ..... 

0-42 

9 37 

Lead : arsenic ; antimony 

8-65 

8-70 

l.<ead : antimony : tin . 

2i;i 

2-20 

. , 




The analysis can thus be conducted with an accuracy approaching 0*05 of a 
unit in samples containing 10 per cent, of antimony. It may be a little 
diflScult at first to get concordant results, but once the manipulation is mastered 
the process gives little trouble. J. B. Duncan states that “duplicates on a 
straight assay running 99*6 per cent, metallic antimony should agree exactly.” 

^ Otherwise the results will be high owing to the loss of bromate before it attacks the 
antimony. 

• Stannous salts are oxidised by the bromate, and F, Fichter and E. Muller {Ckem. Ztg., 
37« 399, 1913) use the reaction to determine tin. 


20 
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The Influence of Arsenic , — The process indicated above can be used for 
the determination of arsenic/ but the solution cannot then be boiled in open 
vessels to expel the sulphur dioxide. The boiling must be done in a flask fitted 
with a reflux condenser (fig. 88). If the antimony is to be determined, and 



Fi( 5 . 88 . — Reflux Condenser (^ee page 655). 


arsenic is present in the sample, the latter must be removed, as indicated above, 
by boiling the solution down to half its volume in the presence of sodium 
sulphite. If more than 2 or 3 per cent, of arsenic be present, add 20 c.c. more 
concentrated hydrochloric acid and 5 c.c. of a saturated aqueous solution of 
sulphur dioxide. Boil the liquid down again. There is no danger of an 
appreciable loss of antimony if the temperature be kept below 120®, An 
artificial mixture of antimony and arsenic so treated gave 91*09 per cent, of 
antimony, when 90*91 per cent, was actually present. 

Comparison Determinations . — To illustrate the results obtained in a separa- 
tion of antimony and tin, the following duplicate determinations of the per- 
centage amount of antimony with each of the processes here recommended, 
might be quoted : — 


Henz and 
Clarke’s process. 

26*96 

26*10 


Herroun and 
Weller’s process. 

26*33 

26*23 


Gyory’s 

process. 

26*52 

26*59 


^ H. Biltz, Zeii. anal. Chem., 8x, 82, 1930; A, Schleicher and L. Toussaint, Zeii, anor^. 
aUgem. Chem., 159 , 319, 1927. 
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§ 138. Low’s Volumetric Permanganate Process 
for Antimony. 

In this method, usually attributed to Low but anticipated many years 
previously by Kessler, antimony is titrated in sulphuric acid solution with 
standard potassium permanganate in the presence of excess of hydrochloric 
acid.^ The reaction is symbolised: — 

bSbgOg + 4KMn04 = SSb^Os + 2K2O + 4MnO 

According to Pugh (Lc.), the determination of antimony by this method 
“becomes one of the simplest and most accurate of volumetric processes” 
provided the relative quantities of sulphuric and hydrochloric acids used are 
correctly adjusted. Jf too little hydrochloric acid is present, a basic antimony 
salt is precipitated, while too much causes reduction of the permanganate. 
Furthermore, in the absence of hydrochloric acid the reaction only follows the 
above course quantitatively under special conditions; otherwise the per- 
manganate is partially reduced to trivalent manganese. 

When titrating in the cold, Pugh recommends that the ratio of sulphuric to 
hydrochloric acid for a total volume of 200 c.c. shall be as follows: — 

Cone. H2SO4, c.c. ... 0 10 20 30 

Cone. HCl, c.c 30-50 30 35 15 20 10-15 

The solution containing the antimony is evaporated to strong fumes with, 
say, 20 c.c. of concentrated sulphuric acid.^ After cooling, the solution is 
diluted somewhat ^ and boiled for 5 minutes to expel any sulphur dioxide. 
About 20 c.c. of concentrated hydrochloric acid are added, the solution diluted 
to 180 c.c., cooled to room temperature and then titrated with standard 
permanganate until the faint pink colour lasts for some 30 seconds.^ 

Errant. — Iron, if present, must be converted to the ferric state by oxidation 
with nitric acid and excess of the latter ex])elled by evaporation with sulphuric 


^ F. Kessler, Pogg. Ann.^ 1 18 , 17, 1863; (). Petriceioli and M. Heuter, Zeit, an{/ew. Chem.^ 
14 , 1179, 1901 ; W. H. Low, Journ. Amer, Chem, Soc,, 29 , 66 , 1907; E. Hchmidt, Che.m. Ztg., 
34 , 453, 1910; F. J. Miick, « 6 ., 46 , 790, 1922; A. Ecke, / 6 ., 48 , 537, 1924; J. H. Goodwin, 
Journ, lud, Kng, Chem., 3 , 42, 1911; D. J. Demorest, ^7^, 5 , 842, 1913; C. R. McCabe, ib., 
9 , 42, 1917; L. I, »Shaw, 0. F. Whittemore and T. H. Westby, ib.. Anal. Ed., 2 , 402, 1930; 
E. W. Hagmaier, Met. Chem. Eng., 16 , 84, 1917; Journ. Sftc. Chem. Jnd., 36 , 221, 1917; 
W. G. Leemann, ib., 51 , 284T, 1932; L. Bertiaux, Ann, Chim. anal., ( 1 ), 19 , 49, 1914; (2), 

2 , 273, 1920; (2), 4 , 77, 1922; Bull. Soc. chim., (4), 27 , 769, 1920; Chim. et Ind., 4 , 467, 
1920; 0. Collenberg and G. Bakke, ZeAt. anal. Chem., 63 , 229, 1923; Tids. Kemi Bergv., 

3 , 93, 104, 1923; P. M. Koenig, Chim. et Ind., Speeial No., 125, May 1924; B. Paxton, 
Chemist-Analyst, 47 , 3, 1926; Chem. Zentr., (2), 1672, 1926; W. W. Scott, Standard Methods 
of Chemical Analysis, Now York, i, 28a, 2^, 1927; W. F. llillcbrand and G. E. F. Lundell, 
Applied Inorganic Analysis, New York, 228, 1929; J. E. Clennell, Min. Mag., 45 , 151, 211, 
1931; W. Pugh, Journ. Chem. Sor., 1 , 1933; L. R. W. McCay, Journ. Amer. Chem. Sor., 50 , 
368, 1928; H. H. Willard and P. Young, ib., 50 , 1332, 1368, 1928; H. Rathsburg, Ber., 
61 B, 1663, 1928; J. Vorisek, Chem. Listy, 24, 250, 1930; V. Auger, Ann. Chim. anal. Chim. 
appl., 7 , 100, 1925; W. Manchot and F. Oberhauser, Zeit. anorg. allgem. Chem., 139 , 40, 1924; 
K. Stanford and D. C. M. Adamson, Analyst, 62 , 23, 1937 ; R. G. Robinson, ib., 62 , 191, 1937. 

* Nitric acid, if present, must be expelled and organic matter destroyed. Ammonium 
persulphate can conveniently be used to oxidise organic matter, provided care is taken to 
reduce the solution before titration. 

* li the treatment has been such as to oxidise the antimony up to the penta valent state, 
the solution must be reduced at this stage by adding a slight excess of sodium sulphite and 
boiling off all sulphur dioxide. Iron, however, if present, will be wholly or partially reduced 
by th& treatment — see under “ Errors,” For the direct titration of antimony in the penta> 
valent state by titanous chloride, see A. Oliverio, Ann. Chim, applicata, 21 , 211, 1931. 

^ A. Ecke \lx.) and W, G. leemann (Lc.) recommend the addition of Reinhardt's solution 
(page 601), when a much sharper end-point is obtained. 
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acid. The presence of lead leads to low results, as the precipitated lead 
sulphate occludes appreciable amounts of antimony sulphate. Pu^h over- 
comes this difficulty by decanting off the clear solution from the precipitated 
lead sulphate. The precipitate is then dissolved in the appropriate volume of 
boiling concentrated hydrochloric acid and an equal volume of water. This 
solution is now added to the main solution and the whole titrated at 40° to 60°. 
The permanganate is added slowly to prevent its reduction by the hot hydro- 
chloric acid. Towards the end-point a few drops of methyl orange are added 
and the titration continued until the colour of the indicator is discharged. 

Tri valent arsenic interferes and should be removed. Vanadium, unless in 
the pen ta valent state, must likewise be absent. 

§ 139. The Volumetric Determination of Antimony and Arsenic 
in the Presence of Tin. 

The arsenic and antimony in a solution containing antimony, arsenic and 
tin can be separately determined by the bromate process. The mixture is 
dissolved and oxidised as indicated for Gyory’s process. Make the solution up 
to, say, 200 c.c. Boil off the arsenic in an aliquot portion, say, 100 c.c., as in- 
dicated already, and titrate the solution for antimony with potassium bromate. 
The arsenic and antimony can be determined together in the other aliquot 
portion by proceeding as already indicated, but boiling down the solution using 
a reflux condenser (fig. 88). The difference in the two titrations represents the 
potassium bromate which is equivalent to the arsenic.^ 

Example. — A solution was made up to 200 c.c. as indicakd above. The antimony 
in 100 c.c. required 24-7 c.c. of a 0*lN-potassium bromate solution. This corresponds 
with 24‘7 X 000729 = 0*1801 grm. of Sb 203 in half the sample. The other portion, 
boiled under a reflux condenser, required 52*1 c.c. of the bromate solution. Hence 
62*1 - 24*7 = 27*4 c.c. of the bromate were required for the arsenic titration, correspond- 
ing to 27*4 X 0*00495 = 0*1356 grm. of AsgOa in half the sample. 


§ 140. Metallic Precipitation. 

In the ordinary zinc ; carbon cell, if the metallic zinc be replaced successively 
by manganese, aluminium and magnesium, the voltage of the cell is increased; 
and conversely, if the zinc be similarly replaced by cadmium, iron and cobalt, 
the voltage is diminished. The order in which the metals can be thus arranged 
is the same as the order in which the metals displace one another in their salts. 
The order is approximately — 

K, Na, Mg, Al, Mn, Zn, Cd, Fe, Co, Ni, Sn, Pb, Sb, Bi, As, Cu, Hg, Ag, Pt, Au 

and the series is called the electrochemical series of the metals. ^ The order 
varies a little with different solutions and at different temperatures.® A metal 
on the left in the series will generally displace another metal on the right from 
its salt solution. Secondary reactions may prevent the actual precipitation of the 


^ Rather more hydrochloric acid is required in the case of antimony than arsenic in order 
to prevent the precipitation of antimony during the titration, as a result of the increasing 
dilution of the solution. F. A. Stief, Joum, Ind, Eng. 211, 1916. 

* For metallic molybdenum and tungsten, see F. F. Smith, itiU anorg. Chem., 1 , 360, 1892. 

* G. M. Smith, Joum. Amer. Chem. Soc.^ 27 , 640, 1906; J. W. Mellor, A Compre^imve 
Treatise on Inorganic and Theoretical ChemifAry^ London, 1 , 1013, 1922. 
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metal. In many cases the displacement is so complete that the reaction can be 
used in quantitative analysis. What metals are precipitated often depends upon 
the acidity of the solution as well as on the metal used as precipitating agent. ^ 
In illustration of the more important metals used as precij)itating agents, 
magnesium ^ precipitates zinc, cadmium, thallium, iron, cobalt, nickel, tin, 
lead,^ antimony,^ bismuth, copper,® mercury, silver,® platinum and gold. 
Some part of the antimony may be evolved as a gas when solutions containing 
antimony are treated with magnesium or zinc; and arsenic is also lost in this 
way when its solutions are treated with zinc, magnesium and iron.*^ Aluminium 
precipitates lead,® antimony,® tin, copper, tellurium,^® silver . Zinc precipi- 
tates cadmium,cobalt, nickel, tin, lead,^® antimony,^^ bismuth, arsenic,copper,^® 
mercury, silver, palladium, rhodium, iridium, osmium, platinum, gold, but not 
iron.'® Zinc also reduces the salts of iron, manganese, titanium, tungsten, 
molybdenum, chromium and vanadium to a lower state of oxidation. 
Cadmium precipitates copper, lead, silver,'’ antimony, tin. Iron precipitates 
bismuth,'® antimony,'® copper, mercury, silver, lead, gold. In the presence of 
stannic chloride, arsenic is also ])recipitated. Metallic iron also reduces ferric 
to ferrous salts, stannic to stannous salts.^® Tin precipitates antimony, arsenic, 


1 J. B. Senderens, Hull. Hoc, rhhn., (3), ii, 424, 1163, 1894; ib., (3), 15, 208, 691, 1896; 
«7>., (3), 17, 271, 1897; D. Tommasi. <7>., (3), 17, 440, 1897. 

* For the action of magnesium on manganese salts, see J. G. Hibbs and E. F. Smith, 
Journ. Amcr. Chem. Hoc., 16, 822, 1894; Chem. Netvs, 71, 2, 1895; G. A. Maaek, Unier- 
mchungen iiberda/i Verhalten dcs Magnesiurm und AlnvuniumH gegeu Halzlomngcn vcrMchiedener 
Metalle, Gdttingen, 1862; T. L. Phipson, Jahrb.^ 192, 1864; Z. Roussin, ib., 170, 1866; A. 
Commaille, Compf. rn\d., 63, 556, 1866; 8. Kern, Chem. News, 33, 236, 1876; ( 3 . Pertiisi, 
Ann. Chim. ami., 20, 229, 1915. 

3 W. Schulte, Meiallurgie, 6, 214, 1909. 

* S. Kern, Chem. News, 32, 309, 1875; E. G. Bryant, ib., 79, 75, 1899. 

A, Villicrs and F. Borg, Bull. Hoc. chim., (3), 9, 602, 1893; Chem. News, 68, 263, 1893. 

® E. G. Bryant, Chem. News, 79, 75, 1899. 

’ Z. Roussin, Journ. Pharm. Chim., (4), 3, 413, 1866; Chem. News, 14, 27, 1866. W. N. 
Hartley, ib., 14, 73, 1866 (failed to precipitate iron with magnesium); S. Kern, ib., 33, 236, 
1876; T. L. Phipson, ib., 9, 219, 1864; A. Commaille, Compt. rend., 63, 556, 1866; F. Clowes 
and R. M. Caven, Chem. News, 76, 297, 1897; E. G. Bryant, ib., 79, 75, 1899. 3. G. Hicks 
and E. F. Smith [Journ. Amer. Chew. Hoc., 16, 822, 1894) have studied the action of magnesium 
on manganous salts. 

* A. H. Low, Journ. Anal. App. Chem., 4, 12, 1891; 6, 664, 1892; J. E. Williams, Eng. 
Min. Journ., 53, 641, 1892. 

* W. Schulte, Meiallurgie, 6, 214, 1909. 

G, A. Maack, Vniersuchungen uber das Verhalten des Magnesiums und Aluminiums 
gegen Salzlosungen verschiedener Meialle, Gottingen, 1862. 

N. Tarugi, Oazz. Chim. Hal., 33, ii, 223, 1903. 

J. L. Davies, Journ. Chem. Hoc., 28, 311, 1875. 

F. Stolba [Journ. prakt. Chem., (1 ), loi, 150, 1867; Chem. News, 17, 2, 1868) precipitates 
lead from lead salts quantitatively by metallic zinc in the presence of hydrochloric acid 
on a water bath. L. T. Merrill, Eng. Min. Journ., 91, 56, 1911; A. Eckenroth, Pharm. Ztg., 
40, 528, 1895; F. Mohr, Zeit. anal. Chem., 12 , 142, 1873; C. Rosslcr, ib., 24, 1, 1885. 

A. Ditto and R. Metzner, Compt. rend., I17, 691, 1893. 

J. C. Shengel and E. F. Smith, Journ. Amer. Chem. Hoc., 21, 932, 1899; Chem. News, 
Si, 134, 1900; M. Cottereau, Cmnpt. rend., 22, 1146, 1846) separated copper from tin by 
taking advantage of the fact that when zinc is placed in a solution of the mixed chlorides, 
the copper precipitates before the tin. 

M. Domar9ay, BvJl. Hoc. chim.., (2), 32, 610, 1879; see also page 170. 

” A. W. Classen, Journ. prakt. Chem., (1), 97, 217, 1866; Chem. News, 13, 232. 1866. 

J. Clark (Journ. Hoc, Chem, Ind., 19, 26, 1900) for the separation of bismuth and lead. 
J. C. -Galletly and G. G. Henderson [Analyst, 389, 1909) recommend the process using 
a hot solution containing 2*5 per cent, of free nitric acid. 

A, Thiel and K. Keller, Zeit. anorg. Chem., 68, 42, 1910. 

Iron also precipitates tin from solutions of stannous salts which are neither too dilute 
nor too add. A. Thiel and K. Keller, Zeit. anorg. Chem., 68, 220, 1910. 
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copper, mercury, silver, gold, lead.^ Copper precipitates mercury, silver, gold, 
but not tin; lead precipitates bismuth, ^ tin.® 

Precipitation of Antimony in the Presence of Tin — Tookey's Process. — The 
separation of antimony from tin by precipitation of the antimony, as metal, 
from a hot hydrochloric acid solution by means of metallic iron * was proposed 
by Tookey in 1862.® The process can be conducted in the following manner : — 
Dissolve the mixed sulphides in a warm mixture of hydrochloric acid and 
potassium chlorate and boil of! the chlorine. The solution should contain about 
12 per cent., and in any case not less than 2 per cent., of the acid, or some tin 
may be precipitated. Place some coarse granules of pure ® metallic iron in the 
solution very nearly at the boiling temperature. Add more hydrochloric acid 
as the iron dissolves. When all the antimony is precipitated,'^ filter the solution 
as quickly as possible, since some antimony may redissolve when the solution is 
exposed to the air. An excess of iron is necessary and the precipitated anti- 
mony must be mixed with the iron during the filtration.® The mixture of 
metallic antimony and iron can then be dissolved in a mixture of hydrochloric 
acid and potassium chlorate, and the antimony determined by precipitation as 
sulphide. 

Working with known mixtures of stannic chloride and antimony trichloride, 
Hoffmann found the following results : — 


Antimony' 

01 

0-2 

0-4 

0-1 

0-2 

0-4 grm. 

Tin used . 

0-4343 

0-4343 

0-4343 

0-8686 

0-8686 

0-8686 grm. 

Tin found 

0-4336 

0-4337 

0-4338 

0-8684 

0-8687 

0-8685 grm. 

Error 

. - 0-(XM)7 

-0-0006 

-0*0005 

-0-(KK)2 

4 0-0001 

- O-OOOI grm. 


The results are therefore quite satisfactory.** 

§ 141. The Electro-deposition of Antimony. 

Two distinct types of processes have been used for the electro-deposition of 
antimony. In the earlier developed methods, the antimony is separated as 


^ 0. Sackur, Arh. Kais. Ges.-A., 20, 512, 1904. 

* C. Ullgren {Berzelius^ Jahrb.^ 21, 148, 1842) and A. Patera {Zeit. anal. Che^n., 5, 226, 1866) 
separate bismuth from lead in this way; but according to O. Steen (Zfdt. amjew. Chem.^ 8, 
531, 1895) the error lies between 20 and 30 per cent. 

* 0. Sackur, loc. cit. 

* J. L. Oay-Lussac (Ann. Chim. Phys.^ (2), 46, 222, 1831; J. H. Mengin, Compt. rend., 
1 19, 224, 1894; Chem. News, 70, 93, 1894) precipitated antimony in the presence of tin by 
means of metallic tin in hydrochloric acid solution. If zinc is used instead of iron, some 
antimony may be lost as hydride. No antimony is lost as hydride when iron is used — 
M. Dupasquier, Compt. rend., 14, 514, 1842. 

® C. Tookey, Journ. Chem. Boc., 15, 462, 1862; J. Attfield, Pharm. Joum., (2), lo, 512, 
1870; A. W. Classen, Joum. prakt. Chem., (1), 92, 477, 1864; Chem. News, 13, 232, 1866; 
O. Low, Vierteljahr. prakt. Chem., 14, 406, 18^; A. Carnot, Compt. rend., 1 14, 587, 1892; 
J. H. Mengin, ih., 119, 224, 1894; M. Hoffmann, Beilrdge zur Kenntnis der analytischen 
Chemie des Zinns, Antimons, und Arsens, Berlin, 27, 191 1 ; P. Wenger and G. Paraud, Ann. 
Chim. anal. Chim. appl., 5, 2;i0, 1923. 

* C. Rammelsberg recommends iron reduced in hydrogen gas. Bright piano wire will 
do quite well. 

^ If the volume of the solution is small this will take about 20 minutes. 

* A. W. Classen (l.c.) has shown that the precipitated antimony is perceptibly soluble in 
hot or cold hydrochloric acid of various strengths and hence antimony may be lost. By 
following the plan described in the text, this loss is made negligibly small. 

* The tin was determined in the filtrate, after the separation of the antimony, by pre- 
cipitation as sulphide. G. Panajotow (Ber., 42, 1296, 1909) separates antimony from tin by 
precijHtating the antimony as sulphide from a solution containing 15 per cent, of HCl, at 
ordinary temperatures. The tin remains in solution. The resiuts seem to be good — ^A. 
Inhelder, Beitrag zur Trmnung des AtUimons und Zinns und zur Analyse vm Lagermekdlen, 
Zfirioh» 1911. See also footnote 5, page 273. 
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sulphide. The sulphide is dissolved in aqueous sodium sulphide and the 
resulting solution is then electrolysed. As, however, polysulphides must be 
absent, a suitable reducing agent, usually potassium cyanide, is added to the 
bath to destroy them, if and when formed : — 

Na^S^ + {x^ 1 )KON == NagS + - 1 )KONS 1 

Smith recommends the following procedure. To the solution of antimony as 
chloride are added 15 c.c. of sodium sulphide solution (sp. gr. 1*18), 3 grms. of 
potassium cyanide and 1 c.c. of 10 per cent, sodium hydroxide solution. After 
dilution with water to 70 c.c., the solution is heated nearly to boiling and 
electrolysed with a current density of 6 amperes per 100 sq. cm. at 3-5 to 4 volts. 
A rotating anode, making 400 to 500 revolutions per minute, is used. Up to 
1 grm. of metal can be deposited in a compact form on sand-blasted platinum 
dishes in less than half an hour. 

Electro-deposition from a sulphide bath is said to give high results, which 
have been attributed in turn to (1) oxidation of the deposited metal during and 
through electrolysis, together with occlusion of sulphur compounds in the 
deposit;^ (2) to the presence of antimony hydride in the separated metal; ^ 
and (3) to the occlusion of mother liquor in the pits when a platinum basin with 
a roughened inner surface is used as the cathode.^ Conversely, it has been 
stated that the results are apt to be low owing to some of the metal passing to 
the anode in the form of a complex ion.® 

In the more recent methods, the antimony is deposited from, usually, a 
solution of its chloride in hydrochloric acid in the presence of a hydrazine 
or hydroxylamine salt to reduce the evolved chlorine.® 

Schleichner suggests that Engelberg’s modification of C^lassen's process 
should be adopted as a standard procedure. 


^ F. Wrightson, Zeit, anal. Cheni., 15 , 297, 1876; C. Luckow, 19 , 1 , 1880; J. P. Cooke, 
Proc. Amer. Acad., 13 , 1 , 1878; 15 , 251, 1880; G. Parodi and A. Mascazzini, Zeit. anal. 
Chem., 18 , 587, 1879; A. Classen and M. A. von Heis, Her., 14 , 1622, 1881; A. Classen, ib., 
ijf 2467, 1884; A. Classen and H. Ludwig, ib., 18 , 1104, 1885; 19 , 323, 1886; A. Lccrenier, 
Chem. Ztg., 13 , 1219, 1890; G. Vortmann, Her., 24, 2749, 1891: F. Rudorff, Zeit. angew. 
Ohem., 5 , 197, 1892; A. Ditte and R, Metzner, A fin. Chim. Phys., ( 6 ), 29 , 389, 1893; A. Classen, 
Ber., 27 , 2060, 1894; H. Ost and W. Klapproth, Zeit. angew. Chem., 13 , 827, 1900; H. Danneel 
and H. Nissenson, Inter. Cong, angew. Chem., 4 , 678, 1903; F. F. Exner, Joum. Amer. Chem. 
Soc., 25 , 896, 1903; A. Hollard, Bull. Hoe., chim., (3), 29 , 262, 1903; Chem. News, 87 , 282, 
1903; F. Henz, Zeit. anorg. Chem., 37 , 1 , 1903; A. Fischer, Ber., 36 , 2348, 3345, 1^3; Zeit. 
anorg. Chem., 42 , 363, 1904; A. Fischer and R. J. Boddaert, Elektrochem. Zeit., 10 , 945, 
1904; H. D. Law and F. M. Perkin, Trans. Faraday Hoc., i, 262, 1905; A. Hollard and 
L. Bertiaux, Bull. Soc. chim., (3), 31 , 900, 1904; J. A. Langness and E. F. Smith, Joum.. 
Amer. Chem. Soc., 27 , 1.524, 1905; J. M. M, Dormaar, Zeit. anorg. Chem., 53 , ,340, 1907; 
Chem. WeehbUid, 4 , .55, 1907; F. Foerster and J. Wolf, Elektrochem. Zeit., 13 , 205, 1907; 
E. Cohen, ib., 14 , 301, HK) 8 ; O. Scht^en, ib., 14 , 257, 1908; F. Utz, Oummi-Ztg., 28 , 126, 
1913; A. Cafhn, Mimit. Scient., (5), 4 , 148, 1914; N. K. Chanev, Joum. Amer. Chem. Soc., 
35, 1482, 1913. 

* Loc. cii., F. Henz; J. M. M. Dormaar; F. Foerster and J. Wolf, 

* Loc. cit., C. Luckow; A. Caffin. 

* Loc. cU., 0. Scheen. 

* Loc. cit., A. Fischer and R. J. Boddaert. 

* H. J. IS. Sand, Elektrochem. Zeit., 13 , 326, 1907; Joum. Chem. Soc., 93 , 1572, 1908; 
E. P. Schoch and D. J. Brown, Eighth Inter. Cong. App. Chem., 21 , 81, 1912; Joum. Amer. 
Chem. Soc., 38 , 1660, 1916; A, J. Engelherg, Zeit. anal. Chem., 62 , 257, 1923; A. Lassieur, 
Compt. rend., 177 , 263, 1923; 179 , 632, 827, 1924; Ann. Chim., 3 , 269, 1924; Bull. Soc. chim., 
39 , 1167, 1926; A. Schleichner and L. Toussaint, Chem. Zig., 49 , 645, 1925; A. Schleichner, 
Zeit. anal. Chem., 69 , 39, 1926; J. Lukas and A. Jflek, Chem. Listy, 20 , 63, 130, 170, 1926; 
B. J. Browut Jcmm. Ain&t. Chem. Soc,, 48 , 582, 1926; A. Schleichner and L. Toussidnt, 
ZeU. wtiorg, cJigm. Chem., 159 ^ 319, 1927; H. Hdlemann, Zeit. anal. Chem., 8 x, 161, 1930. 
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The details for the process are as follows. The antimony salt, containing 
not more than 0*5 grm, of antimony, is dissolved in 10 c.c. of concentrated 
hydrochloric acid/ 2 grms. of hydroxylamine hydrochloride, NHgOH.HCl, are 
added and the solution diluted to 200 c.c. The electrolysis is carried out at 
60° to 70°, keeping the cathode potential between 0*28 and 0-35 volt against a 
calomel cell and with a current of 1 to 0*5 ampere. Gauze electrodes, rotating 
at 800 to 1000 revolutions per minute, are used. 

§ 142. The Evaluation of Antimony Compounds. 

Antimony oxide may be evaluated by a method similar to that used for 
arsenious oxide (page 294). Add, say, 0*1 grm. of antimonious oxide to 20 c.c. 
of water; heat the liquid to boiling; add tartaric acid in small quantities at 
a time until the oxide is completely dissolved. ^ Neutralise the solution with 
sodium bicarbonate and add 10 c.c. more of the sodium bicarbonate solution. 
Titrate with iodine using starch as indicator as described for Mohr’s process for 
arsenic, page 290.^ Since ShgOg + 2 H 2 O -h2l2~4HI + SbgOg, every gram of 
iodine re])resents 0*5742 grm. of SbgOg. Antimonic compounds are reduced * 
as indicated under Gyciry's process, and determined by Mohr’s or by Gyory’s 
process.® 

^ A. Schlcichncr and L. Toussainfc (v. supra) neutralise with sodium hydroxide until a 
faint precipitate forms and then redissolve it in hydrochloric acid. They state that, if 
excess hydrochloric acid is present, the deposited antimony will contain antimony chloride. 

^ The tartaric acid keeps the antimony oxide in solution — F. H. Alcock, Pharm. Joum., 
362, 1900. 

® Titrate at once, or antimonious hydroxide may be precipitated. 

^ B. S. Evans {Analysis 56, 171, 1931) reduces with sodium hypophosphite, NaHgPOg.HjO. 

® R. Rickmann (Zeit, angew. Ckem., 25, 1518, 1912) detects antimony in enamels by 
cleaning the enamel free from adhering iron, and then boiling the powdered enamel with a 4 
per cent, solution of acetic acid (or 2 per cent, tartaric acid). Divide the solution into two 
parts. Test one part with hydrogen sulphide, and titrate the other part with standard 
permanganate. If antimony is present, and no })ermanganate is consumed, it is inferred 
that the enamel contains a metantimonatc which Rickmann says is harmless. O. Collen- 
berg and G. Bakke, Tids, Kemi Bergv,, 3, 93, 104, 1923. 



CHAPTER XXIIL 


THE DETERMINATION OF TIN. 
g 143. The Detection of Tin. 

Clark has shown that 4*rnethyl-l : 2-diniercaptobenzene and 4-chloro-l : 2- 
dimercaptobenzene are specific reagents for tin.^ The test is carried out 
by adding a few drops of a 0*2 per cent, solution of either reagent in sodium 
hydroxide solution to the suspected solution, acidified with up to 15 per cent, 
of hydrochloric acid. On warming, a pink to magenta-red colour develops 
within a few seconds if as little as one part in a million of stannous tin is present. 
If the tin is in the stannic state, the colour develops more slowly and the test is 
not so sensitive. Consequently a trace of thioglycollic acid should be added 
before applying the test to ensure that the tin is in the stannous condition. 
No other elements interfere excejjt bismuth, which gives a brick-red precipitate 
quite unlike the colour given by tin. The test has been adapted for the 
colorimetric determination of tin and has been found to give an accuracy of 
about 10 per cent, with from 1 to 5 parts of tin per million of solution. 

§ 144. The Metallic Precipitation of Tin. 

Tin may be conveniently precipitated in the metallic state by means of 
metallic zinc, aluminium or cadmium. This reaction also offers a convenient 
method of separating tin in the filtrate from the antimony sulphide obtained in 
Clarke and Henz’s process (page 298). ^ Boil off the hydrogen sulphide. 

Precipitation of Metallic Tin. — Place a piece of zinc ® (foil, ribbon or stick) 
in the solution and heat the solution nearly to the boiling-point over a small 
flame. In about 20 minutes, test a few drops of the clear liquid for tin by means 
of a solution of hydrogen sulphide. If necessary, heat the solution a little 
longer until all the tin is precipitated. Decant the liquid through a small 
filter-paper and transfer the metallic tin and zinc to the filter-paper. Wash 
with water. 

Conversion of the Metallic Tin into Stannic Oxide. — Rinse the metallic tin 
and zinc into a 250 c.c. beaker. The total volume of the liquid will be about 
10 c.c. Add 10 c.c. of nitric acid and cover the beaker with a clock-glass.* 
When all the zinc is dissolved, and the tin oxidised, dilute the solution to 40-50 

^ R. E. D. Clark, Analyst^ 6 x, 242, 1936. For the preparation of the reagents, see W. H. 
Mills and R. E. D. Clark, Joum. Chem. Soc.^ 175, 1936; R. E. D. Clark, Tech. Publ. Internal. 
Tin Rea. Dev. Council, A, No. 41, 1936. For the detection of tin by nitrophenylarsinic 
acid, see B. Tougarinoff, Bull. 80 c. chim. Bely., 45 , 542, 1936. 

* C. Ratner, Chem. Ztg., 26 , 873, 1902; G. Buchner, ib., i 8 , 1904, 1894; L. Vignon, 
Compt. rend., 107 , 734, 18&. 

® Free from tin. For lead in place of zinc, see A. Pleischl, Dingier' a Journ., 164 , 200, 
1862. For precipitation by magnesium, see C. Pertusi, Ann. Chim. anal., 20 , 229, 1915. 

* If the reaction be too violent, dilute the solution with cold water, if the action ceases, 
warm the solution. 
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c.c. Carefully heat the solution to boiling and stir vigorously. Let settle. 
Add 5 grms. of ammonium nitrate; filter and wash with a 5 per cent, solution 
of ammonium nitrate. Burn the filter-paper in a crucible. Moisten the ash 
with nitric acid ; dry on a water bath; ignite the precipitate, gently at first, and 
finally over a blast. ^ Weigh the precipitate as SnOg. 

Tin and antimony can be together precipitated by cadmium and weighed. 
By digesting the mixed metals in hydrochloric acid, the tin dissolves, and 
antimony remains behind. The antimony can be washed, dried and weighed. 
The amount of tin is obtained by difference. ^ Stannic salts are reduced to 
stannous salts by metallic iron, but no tin is precipitated. 

§ 145. The Precipitation of Tin as Hydroxide — LowenthaBs 

Process. 

There are two stannic oxides corresponding with SnOg. The one is called 
a-stannic acid, or a-metastannic acid; the other, j8-stannic acid, or j3-meta- 
stannic acid.^ a-Stannic acid dissolves quickly in cold dilute mineral acids 
— nitric, hydrochloric and sulphuric acids. The solution, on prolonged boiling, 
deposits the j3-acid, which is practically insoluble in dilute acids.^ Salts corre- 
sponding with the two stannic acids are known. 

In Lowenthal’s process ^ for the determination of tin, ammonia is added to 
the solution containing stannic chloride ® until a permanent precipitate just 
begins to form. Add dilute hydrochloric acid, drop by drop, with constant 
stirring, until the precipitate is all just redissolved. Add a cold saturated 
solution of ammonium nitrate ^ to the solution and boil for some time.® When 
all the tin is precipitated, let the precipitate settle and wash by decantation 
with a 5 per cent, solution of ammonium nitrate until the precipitate is free 
from chlorides.® After burning the filter-paper, moisten the ash with nitric 
acid, evaporate to dryness on a water bath, add the precipitate and ignite 
at a gradually rising temperature. Finish the ignition on a blast weigh 
as stannic oxide- SnOg. 

^ If traces of chlorides are present, some tin may be lost by volatilisation as chloride. 
In fact, it is sometimes convenient to remove tin from a precipitate by mixing it with 
ammonium chloride and calcining the mixture — H. Rose, Pogg. Ann,y 112 , 163, 1861. 

® J. H. Mengin, Compt. rend., 119 , 224, 1894; d. L. Gay-Lussac, Ann, Chim. Phya.^ 
(2), 46 , 222, 1831. 

* J. J. Berzelius, Ann, Chim. Phys,, (1), 87 , 50, 1813; R. Engel, Cmnpt, rend., 124 , 766, 
1897; 125 , 464, 651, 709, 1897; C. F. Barfoed, Zeit, anal. Chem., 7 , 260, 1868; J. W. Mellor, 
A Comprehensive Treatise <m Inorganic and TheAyreiical Chemistry, London, 7 , 404, 1927. 

* I). B. Dott, Pharm. Journ., (4), 27 , 486, 1908. 

* J. Lowenthal, Journ. praht. Chem., ( 1 ), 56 , 366, 1852. 

* If stannous chloride be present, oxidise with bromine or chlorine water. 

^ Or sodium sulphate. H. Rose {Pogg. Ann., 112 , 164, 1861; Chem. News, 5 , 87, 1862) 
used sulphuric acid for the precipitation. 

^ To make sure all the tin is precipitated, add a few drops of the clear solution to a hot 
solution of ammonium nitrate or sodium sulphate. If all the tin is precipitated, no further 
precipitation will occur. 

* If washed with boiling water, a turbid filtrate may be produced. R. Bunsen's plan 
(Liebig's Ann., 106 , 13, 1858) of washing with ammonium acetate or ammonium nitrate 
removes this difficulty. For the colloidal stannic acids, see J. M. van Bemmelen, Zeit. anorg, 
Chem., 23 , 124, 1900. M. Liebschutz (Chem. News, 102 , 213, 1910; Chemist- Analyst, 9 , 6 , 
1914) adds a dilute solution of albumen (egg-white) to the solution from which the colloidal 
metastannic acid is to be precipitated, and heats the solution for a short time. The stannic 
acid is entangled with the albumen as the latter curdles. The curd is filtered at once. Any 
copper, etc., entangled with the tin is removed by boiling the precipitate with dilute nitric acid. 
The method is also recommended for the sulphides of zinc, lead, etc. Paper pulp acts well 
with this and similar precipitates. See also pages 85 and 160. 

Mere heating to redness does not suffice to expel all the water — J. B. Dumas, Liebig's 
Ann,, xo5i 104, 1868. 
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Tin is sometimes separated from its solutions by evaporating the solution 
to dryness with nitric acid. The tin is thus converted into the insoluble 
metastannic acid, which is converted by ignition into stannic oxide.^ 

Errors. — There are several objections to this process. The great difficulty 
is involved in washing the precipitate. If iron be present in the solution 
the precipitate, after washing, is almost sure to be contaminated with appreci- 
able quantities of iron oxide.^ Other oxides may also contaminate the pre- 
cipitate. Antimony hydroxide, for example, may be nearly all precipitated 
with the tin. Hoffmann ® thinks that an insoluble tin antimonate — 
3 Sn 02 . 28 b 02 — is formed. Arsenic also is precipitated, probably as tin 
arsenate ^ — ^SnOg.AsgOs — a reaction which Hoffmann has suggested for the 
gravimetric determination of arsenic. Reynoso’s process for the determina- 
tion of phosphoric acid, and also of tin, is based on the insolubility of tin 
phosphate in nitric acid ; iron also may form a sparingly soluble metastannate 
or a ferric phosphostannate.^ Lepez and Storch {Lc.) have shown that bismuth 
too, if present in considerable quantities, will contaminate the precipitated 
stannic oxide. 

Hence, in a general way, avoid tJie determination of tin by separating the tin 
as stannic acid, since the stannic oxide may be contaminated with, inter alia, 
silica, phosphates, arsenates, antimonates, lead, bismuth and ferric oxides. 

§ 146. The Precipitation of Tin as Sulphide. 

The precipitation of tin by metallic zinc is much easier than the usual 
process of separation by precipitation as sulphide or hydroxide and weighing as 
stannic oxide. Whenever convenient, analysts avoid the precipitation of tin 
both as sulphide and hydroxide (stannic acid). 

Precipitation of Tin Sulphide. — The combined filtrates containing the tin 
are neutralised with ammonia, acidified with acetic acid and saturated with 
hydrogen sulphide. The stannic sulphide is but very slightly soluble in acetic 
acid solution.® Let the precipitate stand in a warm place over-night.’ Decant 

^ C. Bunge, Pharm. Zentr.-h., 54, 845, 1913. 

® According to H. Rose {Pogg. Arm.^ I12, 109, 1801), the iron becomes soluble when the 
solution is evaporated to dryness. C. Lepez and L. 8torch {Mimais., 10, 283, 1889) 
show that iron, chromium and cerium lead to the incomplete precipitation of metastannic 
acid in dilute nitric acid solutions; while aluminium, uranium, cobalt, nickel and copper do 
not. F. H. van Jjeont {Monit. Scient.^ (4), 12, 866, 1899; Cham. Naws^ 78, 320, 1898) states 
that chromium and aluminium, as well as iron, retard the precipitation of metastannic acid. 
R. E. Lee, J. P. Trickey and W. H. Fegely, Journ. hid. Eng. Cham., 6, 536, 1914. 

* M. Hoifmann, lieitrdge zur Kenntnis der andlyt inches Chrmie. de.<i Zinm% Antimonn, vnd 
Arsens, Berlin, 45, 1910. 

* E. Haeffely, Phil. Mag., (4), 10, 220, 1855. 

® U. Antony and G. Hajon-Mondolfo, Gazz. Chim. Ital., 27, ii, 142, 1898; A. Reynoso, 
Compt. rend., 33, 385, 1851; Journ. prakt. Ghem., (1), 54, 261, 1851. 

® If Clarke and Henz’s process has been used, the solution contains ammonium oxalate 
and tai-trate. These exert an appreciable solvent action on the tin sulphide — another reason 
for condemning the gravimetric process. Clarke (page 195) destroyed the organic acids by 
means of potassium permanganate before precipitating the tin as sulphide. G. W. Wdowiszew- 
ski {StaM Eisen, 27, 781, 1907) destroys organic matter (tartaric acid) by digesting the solution 
in a covered beaker with 50 c.c. nitric acid (sp. gr. 1*4) and 10 c.c. of sulphuric acid (sp. gr. 
1*65). The solution is evaporated on a sand bath down to about 30 c.c. The black or brown 
mass becomes almost colourless when mixed with 20 c.c. nitric acid. In the case of tin, of 
course, stannic oxide would be precipitated by this treatment. See also W. R. Schoeller, 
Analyst, 56, 306, 1931. 

^ The tin sulphide is a difficult precipitate to dea.! with, because it separates in a slimy 
condition, especially if the solution be boiled during the pas^ge of the gas. The slimy 
precipitate also retains alkali salts very tenaciously and is difficult to wash, particularly 
m the absence of ammonium salts. See page 85. 
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the clear liquid through a Gooch crucible and wash the precipitate four or 
five times by decantation with a solution of ammonium nitrate or acetate.^ 
Finally transfer the precipitate to the crucible and wash free from chlorides. 

Conversion of Sulphide into Oxide.^ — Dry the Gooch crucible and heat the 
crucible very gently in its saucer with free access of air until the smell of sulphur 
dioxide is no longer perceptible. If the temperature be raised too rapidly, at 
this stage fumes of stannic sulphide would be evolved and burnt to stannic 
oxide, consequently giving low results.^ The crucible should be covered with 
a lid to prevent loss by decrepitation during the earlier stages of the ignition. 
Remove the lid and raise the temperature gradually with free access of air. 
Finish off by blasting the crucible for half an hour. Cool the crucible in a 
desiccator. 

Removal of Sulphates, — The stannic oxide SnOg — so formed holds a little 

sulphuric acid ^ very tenaciously. Hence, weigh the crucible, place a piece 
of ammonium carbonate — about half a centimetre diameter — in the crucible, 
and blast it again. This treatment with the ammonium carbonate is repeated 
until two successive weighings do not differ by more than 0*(K)05 gnn.^ 

The result is generally a little too high because of the adsorption of alkalies 
and the difficulty which attends the complete conversion of tin sulphide to tin 
oxide. A little sulphate also is nearly always retained by the oxide. As a 
consequence of these facts, the gravimetric determination of tin as sulphide is 
used as little as possible.^ Electrolytic or volumetric processes are far more 
satisfactory. 

§ 147. The Volumetric Determination of Tin— Mene’s Ferric 
Chloride Process. 

This method is founded upon the fact that tin sulphide can be dissolved in 
hydrochloric acid and the resulting stannic chloride reduced to stannous 
chloride by means of an excess of metallic iron.’ The solution of stannous 
chloride is then titrated with a standard ferric chloride solution,® which oxidises 
the stannous chloride back to stannic chloride : SnClg + 2 FeCl 3 = SnCl 4 + 2FeCl2.® 

Precipitation of the Tin. — If other metals are present, the strongly acid 
solution is reduced by warming it at 80° or 90° with a piece of iron wire, when 
mercury, arsenic, antimony, copper and bismuth, if present, are precipitated. 


^ R, Bunsen, Liebig's Ann., 106, 13, 1858. For the solubility of stannic sulphide in 
ammonium carbonate solution, see F, W. Schmidt, Ber., 27, 2739, 1894. 

* tJ. Ldwenthal, Journ. prakt. Chem., (1), 56, 366, 1852. 

* For the volatilisation of stannic sulphide during the roasting, see C. J. Brooks, Chem. 
News, 73, 218, 1896. 

* That is, sulphates derived from the oxidation of the sulphide. F. Henz, Zeit. artorg. 
Chem., 37, 39, 1903. 

* H. Rose, Atuifahrliches Handbuch der amilytischen Chemie, Braunschweig, 2, 284, 1861; 
Pogg. Ann., X12, 163, 1861. 

* It is generally used when but minute traces have to be determined gravimetrically. 

’ C. Mine, Compt. rend., 31, 82, 1850; Dingier' s Journ., 117, 230, 1850; K. Pellet and 
A. Allart, Btdl. 80 c. chim., (2), 27, 43, 438, 1877; J. A. Sanchez, ib., (4), 7, 890, 1910; 
H. Nelsmann, Zeit. anal. Chem., 16, 50, 1877; L. Smith, ib., 61, 113, 1922; R. L. HalJett, 
Joum. 80 c. Chem. Ind., 35, 1087, 1916; H. J. B. Rawlins, Chem. News, 107, 63, 1913, 

* Standabd Febric Chloride. — Dissolve, say, 37 grms. of piano wire in hydrochloric 
acid; oxidise with nitric acid or hydrogen peroxide; evaporate twice to dryness and dissolve 
in 200 c.c. of hydrochloric acid. Make the solution up to a litre. Or evajporate 90 grms. of 
pure commercial ferric chloride to dryness with hydrochloric acid; dissolve the residue in 
150 c.c. of hydrochloric acid and make the solution up to a litre. Standardise by dissolving 
a gram of pure tin in hydrochloric acid as indicated for tin in the text. 

* This is the converse of J. Ldwenthal and A. Stromeyer’s process for iron (R. Fresenius, 
Anleitung zur guantitaUpen chemischen Analyse, Braunschweig, X, 365, 1875). 
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The fiolution is filtered and nentralised with thin strips of zinc, whereby the 
tin and lead are precipitated. When the action is over and a drop of the clear 
filtrate gives no reaction for tin with “hydrogen sulphide water,” pour off 
the clear liquid and wash the residue twice by decantation so as to keep the 
precipitated metals in the flask. ^ 

The Titration .— 180 c.c. of hydrochloric acid (sp. gr. 1*16), and protect 
the contents of the flask from oxidation by a Bunsen valve (page 170). Heat 
the solution to boiling‘s and, when everything is dissolved, titrate while boiling 
with the standard solution of ferric chloride. The titration should be con- 
ducted rapidly, since the stannous chloride is very sensitive to oxidising agents, 
e.g. oxygen dissolved in the water.^ Indeed, it is advisable to conduct the 
dissolution of the tin, and the titration, wholly in an atmosphere of carbon 
dioxide. The end of the reaction is indicated when a drop of ferric chloride 
imparts a j)ermanent pale yellow tinge to the solution. 

The End-Point. — F. Mohr, one of the pioneers in volumetric analysis,^ says 
that, “in Mono’s process, the coloration of the solution by the ferric chloride is 
not sufficiently marked to enable the operator to recognise with certainty if a 
drop be added in excess.” With moderately concentrated solutions, a person 
with normal colour vision will soon recognise the effect when one drop of the 
ferric chloride has been added in excess, but with dilute solutions of ferric 
chloride Mohr’s objection is quite valid. However, Morgan ® has shown that 
if a blue Bunsen flame be examined by looking through the solution under 
titration, it will appear to have a greenish colour as soon as a trace of ferric 
chloride is in the solution. Morgan claims that a solution containing the 
equivalent of 0*0()()()5 grin, of ferric oxide in 25 c.c. of water can be so recognised. 
The blue flame of a small Bunsen burner is placed about 13 mm. below the 
bottom of the flask in which the solution is being titrated. A good clear glass 
flask must be used, and the titration conducted in a darkened room, or in a dark 
corner. 

Errors . — Mohr also points out that “Mene has stated, but not proved, that 
the decomposition is complete. A reverse action between the stannic chloride 
and the ferrous chloride proceeds very slowly in the cold, and is more marked 
on boiling. The reaction is only complete if an appreciable excess of ferric 
chloride be present. On the other hand, ferric chloride is wholly reduced by 
an equivalent quantity of stannous chloride; but stannous chloride cannot be 
oxidised by an equivalent, but only by an excess of ferric chloride.” As a 
matter of fact, the results are very good wlien precautions are taken to prevent 
oxidation of the stannous chloride either during or before the titration. Molyb- 
denum, antimony, titanium and tungsten interfere with the ferric chloride 
titration; uranium does not interfere. The titration in the presence of 
uranium wants careful watching, since the uranous salts are peroxidised after 
the tin and form a yellow solution. The ferric chloride tint gradually fades 


^ If no zinc is present, add a small piece to fill the flask with an atmosphere of hydrogen. 

* Do not boil too vigorously, or the hydrochloric acid will be weakened in strength before 
all the tin is tlissolved. 

* A. C. Campbell, Journ. Anal. App. Chem.^ 2, 287, 1888. 

* F. Mohr, Lehrbnch der cMmisch-analytischen Titriermethode, Braunschweig, 264, 1874. 

* F. H. Morgan, Journ. Anal. App. Chem., 2, 169, 1888; C. L. H. Schwarz {Praktische 
Ardeitwng zur Massanalysen, Braunschweig, 132, 18t53) added a drop of potassium thiocyanate 
to the solution and titrated until a persistent red tint appeared; C. Victor (Chem. Ztg., 29, 
179, 1906) titrates until starch and potassium iodide indicator is blued. W. Schuttlig {Zeit. 
anal. Chem.^ 70, 66, 1927) uses indigo-carmine as an internal indicator and titrates in a solution 
containing at least 60 per cent, of concentrated hydrochloric acid until the indigo-blue colour 
appears. 
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as the uranium is pcroxidised. Rawlins obtained a maximum error of 0'15 
per cent, by the process. 

Loiventhal and Stromeyer^s Process. — Owing to the difficulty in determining 
the end-point when more dilute ferric chloride solutions are used, many prefer 
the Lowenthal modification,^ where an excess of the standard ferric chloride 
is added to the solution. The stannous chloride reduces part of the ferric to 
ferrous chloride. The amount of ferrous chloride so formed is determined by 
the permanganate titration— Reinhardt’s process, page 498. The chemical 
equation 2FeCl3 + SnClg^ 2FeCl2 4 - SnCl^ corresponds with the fact that 1 grm. 
of potassium permanganate represents 2-3840 grms. of stannic oxide — Sn02 — 
in the given solution. 

§ 148. Lenssen’s Volumetric Iodine Process for Tin. 

In Lenssen’s iodine process, ^ the stannous chloride is titrated in an alkaline ^ 
solution with a standard solution of iodine. The results are apt to be very 
slightly low. This is due to the action of air on the stannous chloride, and it is 
generally considered best to work by the Pearce-Low method with acid 
solutions, which do not oxidise so readily as alkaline solutions. By carrying 
out the reduction and titration in an atmosphere of carbon dioxide, the risk 
of reoxidation is negligible. The reaction is generally represented by the 
equation : 

SnClg + 12 4 - 2H01 - SnCl4 + 2H1 

This is supposed by Young to take place in two stages: (1) 280012 4-212 
= SnCl4 4- 80X4, when an excess of stannous chloride is present; and (2) the 
reduction of stannic iodide to stannous iodide by the stannous chloride — 
80X4 4 - 2 SnCl 2 = 2 Snl 2 4 - 811014. 

Reduction of the Stannic to Stannous Chloride. — Hallctt recommends the 
following procedure. The solution should contain not less than 25 nor more 
than 40 per cent, by volume of free hydrochloric acid. Accordingly, the 


^ J. Lciwenthal, Journ. prakt. Chem., (I), 76, 484, 1859; A. Stromeyer, Liebig's Ann.^ 
1 17, 261, 1861; C. Zcngelis {Ber., 34, 2046, 1901) titrates the excess of ferric chloride with 
stannous chloride until a drop of the solution colours a drop of ammonium molybdate blue; 
and T. Moore {Chem. News, 67, 267, 1893) titrates the excess of ferric chloride with cuprous 
chloride. For methylene blue indicator, see C. Russo, Oazz. Chim. ItaL, 44, i, 1, 1914; F. W. 
Atack, Journ. 80c. Byers and Colorists, 29, 1, 1913. J. G. F. Druco {Chem. News, 128, 273, 
1924) titrates the resulting ferrous chloride with potassium dichromate, with diphenylamine 
as internal indicator (see page 502). 

* G. de Claubry, Compt. rend., 23, 101, 1846: J. A. Muller, Bull. 80c. chim., (3), 25, 1002, 
1901; Chem. News, 85, 114, 1902; A. Fraenkcl and J. Fasal, Mitt. K. K. Tech. Gew. Wien, 

7, 227, 1897; A. Scheurer-Kestner, Chem. News, 4, 101, 192, 1861; F. Ibbotson and H. 
Brearley, ib., 84, 167, 1901 ; E. Lenssen, Journ. prakt. Chem., (1 ), 78, 200, 1859; Liebig's Ann., 
I14, 114, 1860; G. Topf, Zeit, aruil. Chem., 26, 163, 1887; C. Friedhcim, Zeit. anorg. Chem., 
4, 145, 1893; W. H. Low, Journ. Amer. Chem,. 80c., 29, 66, 1907 ; S. W. Young and M. Adams, 
ib., 19, 515, 1897; S. W. Young, ib., 19, 84.5, 851, 1897; 23, 21, 119, 453, 1901; R. Job, 
Journ. 80c. Chem. Ind., 17, 325, 1898; T. Benas, Zur massanalytischen BeMimmung de,s 
Zinns und iiber einige Zinnozydulsalze, Berlin, 1884; J. A. Sanchez, Bull. 80c. chim., (4), 7, 
890, 1910; H. J. B. Rawlins, Chem. News, 107, 53, 1913; A. Fr»nkel and J. Fasal, ib., 78, 
100, 1898; A. JoIIes, Chem. Ztg., 12, 597, 1888; W. B. Patrick and G. C. Wilsnack, Journ. Ind. 
Eng. Chem., 4, 597, 1912; R. L. Hallett, Journ. 80c. Chem. Ind., 35, 1087, 1916; N. Welwart, 
Chem. Ztg., 40 , 458, 1916; J. G. F. Bruce, Chem. News, 121 , 173, 1920; B. K6hler, Chem. lAsty, 
x6, 87, 1922; B. S. Evans, Analyst, 52, 590, 1927; B. Hdltje, Zeit. anorg. Chem., 198, 287 , 
1931; D. Lombardo, Met. Ital., 24, 10, 1932; B. B. Bott, Pharm. Journ., ( 4 ), 27, 486 , 1908 ; 
P. E. Winkler, Bull. 80c. chim. Bdg., 41 , 115, 1932; F. W. Louw and W. E. Sohdz, Journ. 

8. African Chem. Inst., 17, 3 , 1934 . 

’ In the presence of potassium sodium tartrate and sodium bicarbonate. 
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hydrochloric acid solution of the stannic chloride is evaporated to about 50 c.c. 
in a 350 c.c. wide-mouthed conical beaker, or, alternatively, 0*5 to 2 grms. of 
the sample are dissolved in hydrochloric acid. 50 c.c. of concentrated hydro- 
chloric acid (sp. gr. 1*16) and 200 c.c. of water are added. A coil of nickel foil,^ 
10 cm. by 4 cm., in a loose roll, with a strip to serve as a handle, is inserted into 
the beaker. The projecting end of the strij) is folded over the rim of the 
beaker, which is then covered with a clock-glass. Bo.l the solution for 30 
minutes, after any iron present has been reduced. Add <wo small cubes of 
marble to the solution to ])roduce an atmosphere of ce.rbon dioxide and cool 
below 22°. Remove the nickel foil from the solution and rinse it with hydro- 
chloric acid (1 in 3). 

The Titration , — Add a few drops of starch paste (page 285) to the solution, 
and titrate the mixture rapidly with a standard solution of iodine ^ until the 
blue colour of the starch appears. For details of the “iodine/’ titration, see 
page 367. Nickel, cobalt, manganese, molybdenum, uranium, chromium, 
aluminium, ziiu;, lead, calcium, magnesium, sulphates, ])liosphates, bromides, 
iodides and fluorides do not interfere unless their colour is suflicient to mask 
that of the indicator. Trivalent arsenic and antimony consume iodine in 
dilute acid solution, but have no eflect in an acid solution of the strength used. 
Antimony in excess of 0-1 grm. will be precipitated during the reduction in a 
slimy form which does not settle and obscures the end-])oint. Precipitation 
can be prevented by increasing the amount of hydrochloric acid to 75 c.c. 
Copper in quantities greater than ()*()5 grm. will be incompletely precipitated 
and iodine will be consumed by that which remains in solution; hence copper 
must be removed, Hismuth, tungsten and titanium, in any reasonable 
amount such as is usually met with, do not interfere with the method, especially 
if the titration is |)erformed rapidly. The interference of all these metals is 
greatly increased by very slow and careful titration, which seems to accelerate 
their reaction and gives time for the result to be afl’ected seriously. This 
applies particularly to titanium. Ferrous chloride is oxidised only by an excess 
of iodine. Ibbotson and Brearley's test analyses with the powdered “antimony 
reductioji” show; — 

Tin used . U-1750 U-10()B 0-0480 0*0200 0*0080 grm. 

Tin found . 0*1752 0*0997 0*0490 0*0201 0*0083 grm. 

Rawlins obtained a maximum error of 0*10 per cent, by the process. In all 
volumetric processes for tin, there is a tendency to low results owing to the 
rapidity with which the reduced tin salt is oxidised.® 


^ C. and J. J. Beringer, A Textb(H)k of Assayiruj, London, 2S8, DOG; K. L. Hallett, Journ, 
Soc, Chem. Ind.^ 35, 1087, 1916. For reduction by aluminium, see R. Hdltje, Zeit. anorg. 
Chem., 198, 287, 1931; d. A. 8an(?hcz, Butt. S(h:, chim., (4), 7, 890, 1910: by antimony, see 

F. Ibbotson and H. Brearley, Cham. Natos, 84, 167, 1901: by iron, see W. B. Patrick and 

G. C. Wilsnack, Journ. hid. Eng. Cham., 4, 597, 19i2; H. Wolf and H. Heilingotter, Chem. 
^tg.f 53, 683, 1929; D. Lombardo, Met. Ital., 24, 10, 1932; R. Holtje, loc. cit. Note that 
the carbon present in iron generally causes high results, henc^e pure, soft iron must be used. 
By lead, see A. R. Powell, Journ. Soc. Ch^m. Ind., 37, 285, 1918; B. S. Evans, Analyst, 52, 
5^, 1927; 8. G. Clarke, ib., 56, 82, 1931. B. S. Evans {Analyst, 56, 171, 1931) advocates 
the use of hypophosphorous acid. 

* Page 287. About 21*39 grms. of iodine and 46 grms. of potassium iodide are made up 
to a litre. One c.c. of this solution will represent about 0*01 grm. of tin. The solution should, 
however, bo standardised against a known weight of pure tin. 

* E. A. Lewis, Londm Min. Journ., 606, 1911. 
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§ 149. Classen and Henz’s Electrolytic Process for Tin. 

Tin is readily deposited from solutions of ammonium oxalate in the presence 
of an excess of oxalic acid.^ If ammonium oxalate be used alone, it is converted 
during the electrolysis into ammonium carbonate. The electrolyte then smells 
of ammonia, and stannic acid may separate, particularly if much tin be present. 
The stannic acid is dissolved by an excess of oxalic acid. Hence the electro- 
lyte must always be kept acid by the addition of, say, oxalic acid. 

The Electrolyte. — In gravimetric analysis the tin is obtained as sulphide, and 
it is usually dissolved in sodium sulphide. To convert this solution into acid 
oxalate, acidify the solution with dilute acetic acid; dissolve equal parts of 
ammonium oxalate and oxalic acid in hot water, so that the total amount of 
oxalate and oxalic acid per 0*1 grm. of tin amounts to 3*5 grms; heat the 
solutions to boiling and pour the oxalate-oxalic acid solution into the tin 
solution. The resulting solution may be slightly turbid owing to the separation 
of some sulphur, but it forms an excellent electrolyte for the deposition of tin. 

The Electrolysis. — Use a current density of about 0*2 to 0-3 amp., and an 
E.M.F. of 2 to 3 volts. In about six hours most of the tin will have deposited. 
Add 8 c.c. of sulphuric acid (1:1) (or add more oxalic acid), and continue the 
electrolysis for another twenty-four hours. All the tin will then probably be 
precipitated.- Engels says that the electrolysis can be shortened by the 
addition of hydroxylamine sulphate to the electrolyte (see page 259). 

Result tin is precipitated as a compact shining silver-white metal. 
It is w’ashed, dried and weighed as usual. In illustration of the results, Henz 
gives the subjoined numbers (Table XLIV,) 

The table shows that the proportions indicated above are likely to give 
satisfactory results.^ The time factor is a rather serious objection. 

Removal of Tin from the Electrode. — There is a difficulty in removing tin 
from the cathode, since the metal docs not readily dissolve in acids — even 
boiling hydrochloric acid dissolves the metal very slowly. Nitric acid forms a 
coating of stannic oxide, which must be frequently removed in order to expose 
a fresh surface of the metal to attack. Classen recommends warming the 
deposit with a mixture of 2 grms. of tartaric acid, 8 c.c. of water and 2 c.c. of 
concentrated nitric acid; or fusion with potassium bisulphate. Some recom- 

^ F. Henz, Zeit. aitorg. Cktm.^ 37 , 3i, J903; A. Pisoher, i7>., 42 , 363, .1904; M. M. 
Dormaar, id., 53 , 349, 1907; A. Classen and O. Bauer, Ber., 16 , 1061, 1883; A. Classen 
and M. A. von Keis, id., 14 , 1622, 1881; A. Classen, id., 17 , 2467, 1884; 18 , 1110 , 1885; 27 , 
2060, 1894; M. Heidenreich, id., 28 , 1586, 1895; C. Engels, Eleklroc.hfm. Zeit., 2 , 418, 1896; 
A. Scheen, id., 14 , 2.57, 1908; F. Forster and J. Wolf, id., 13 , 205, 1907; H. J. S. 8 and, id., 
13 , 327, 1907; H. Ost, Zeit. angew. Chem., 10 , 325, 1897; 14 , 817, 1901; A. Hollard, Bull. 
tSoc. chim., (3), 29 , 262, 1903; A. Inhclder, Beitrag zur Trennung des Antimons umi Zinns und 
zur Analyse rrm Lagermetalle. 71 , Zurich, 1911; A. H. Cushman and E. B. Wettengcl, Joum. 
Ind. Eng. Chem., 5 , 217, 1913; F. RiidorflF, Zeit. anyew. Cheyn., 5 , 3, 197, 1892; E. D. Camp- 
bell and E. C. Campion, Journ. Amer. Cttem. Soc., 20 , 687, 1898; H. E. Medway, Amer. 
Journ. Sci., (4), 18 , 57, 1904; B. Pasztor, Elektrocheyn. Zeit., i 6 , 281, 1910; E. P. Schoch 
and D. J. Brown, Eighth Inter. Cong. App. Cheyn., 21 , 81, 1912; L. Bertiaux, Ann. Chim. 
anal., i 8 , 217, 1913; E. Eckert, Meiatl u. Erz, 21 , 202, 1924; J. Sv^da and R. Uzel, Coll. 
Czech. Chem. Comm., 4 , 203, 1929; T, Batuecas, Anal. Fis. Quim.., 14 , 495, 1916. 

* To make sure, withdraw about 1 c.c. by means of a pipette; acidify the solution with 
sulphuric acid, add “ HjS water,” and warm gently. If brown or yellow stannous or stannic 
sulphides separate, the electrolysis is not compleb^. Do not confuse free sulphur with tin 
sulphide. 

® It is, however, signiheant to note that a Beit fellowship for scientific research was 
awarded in 1932 “for research on the electro-deposition of tin with the view of establishing 
the precise conditions under which crystalline deposits may be obtained and avoiding the 
unsatisfactory spongy deposits which result from present prooesses,”’—Na<«re, 130, 89, 1982. 
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Table XLIV, — Test Analyses with the Electrolytic Process for Tin. 





Sulphuric 

Total 



Used 

Current 

Ammonium 

acid added. 

duration 

Found 



8 n. 

density. 

oxalate. 



of the 

Sn. 








electrolysis. 




Gram. 

Amp. 

Grams. 

After 

hours. 

c.c. 

Hours. 

Gram. 

Gram. 

Per 

cent. 

0*1017 

0*7.5-1*00 

15 

r,j 

3 

10 

i 28 

0*1036 

+ 0*0019 

1*9 

01017 

0*48~(t05 

15 

10 

! 27 

0*1021 

4 0*0004 

0*4 

0*2555 

0*.3.5»0*24 

15 

7 

10 

24 

0*2.5.55 

0 *(KK)0 

0*0 

0*2.555 

0*38-0*20 

15 i 

S 

10 

24 

0*2.548 

- 0*fK)07 

0*3 

0*2555 

0*3(M)*10 

15 1 

71 

3 

10 

23 

0*2.5.50 

- 0*0005 

0*2 

0*25,55 

0-38-020 

30 i 

5 

22 

0*2551 

-0*0004 

0*2 

0*1017 

0*1.5-0*10 

15 1 

6 

2 

2 , 1 

0*1016 

1 

- 0*0001 

0*1 


mend coating the cathode with a him of copper, silver or cadmium before pre- 
cipitating the tin in order to prevent the platinum being seriously attacked 
during the subsequent removal of the deposited tin. Another plan is to make 
the dish the anode and electrolyse a solution of dilute sulphuric acid with a piece 
of coj)per wire as cathode. 


§ 150. Miscellaneous Processes for Tin. 

Other processes for the determination of tin depend upon the titration of a 
reduced solution with ])otassium bromate, potassium iodate, potassium 
})ermanganate or chloramine.^ (.’upforron has also been proposed as a pre- 
cipitant for stannous or stannic tin.^ 

§ 151. The Evaluation of Commercial Compounds containing Tin. 

Tin Oxide. — The amount of tin oxide can be determined by reducing the 
sample to metal in a current of hydrogen or coal gas ^ (page 266), and dissolving 
the metal in hydrochloric acid. The solution may be titrated for tin as 
indicated above. The metal may also be obtained by reduction with potassium 
cyanide (page 2GH). The button of metal should be specially analysed for tin, 
since it may be contaminated with other metals.^ 

The following method is rapid and has been found to give good results: — 
O'pening-u]) the Sample. — Weigh out exactly 0-25 grm. of the dry (110°) 
sample in a nickel crucible and mix it with about 3 grins, of sodium peroxide. 
Heat the crucible with a small flame, after covering it with a lid. Continue to 
heat and gradually increase the flame until the contents are in a state of quiet 
fusion. (3ool. When cold, place the crucible and lid in a beaker. Cover the 
beaker with a clock-glass and introduce water through the lip of the beaker 

^ Bromate process, see F. Fichter and E. Muller, Chem. Ztg., 37 , 309, 1913; V. Velich, 
Chem. Listy, 15 , 5, 38, 56, 1921. Iodate, see G. S. Jamieson, Journ. Ind. Eng. Chem., 8 , 
600, 1916, Permanganate, see K. Someya, Zeit. anorg. Chem., 160 , 404, 1927. Chloramine, 
see E. Rupp, Zeit. anal. Chem., 73 , 51, 1928; E. Rupp and F. Lewy, ib., 77 , 1, 1929. 

* A. Pinkus and J. Claessens, Bull. Soc. chim. Betg., 36 , 413, 1927; N. I. Chervyakov and 
E. A. Ostroumov, Ann. Chim. anal. Chim. appl., 18 , 201, 1936. 

* For reduction by alcoholic vapours, see G. L. Ohaborski and M. M. Badescu, Bui. Chim. 
80 c. Romdne Chim., 33 , 7, 1929. 

^ See also footnote 3, page 268. 
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from a pipette. When the cake has been decomposed, boil gently for a few 
minutes. Remove the clock-glass and wash its under side into the beaker. 
Then remove the crucible and lid and rinse each well with hot distilled water. 
Cover the beaker with a clock-glass and gradually add concentrated hydrochloric 
acid to the contents of the beaker with stirring, until a clear green solution is 
obtained; then rinse the under side of the clock-glass into the beaker. 

ReduUion to Stannous Chloride} — Transfer the solution to a conical flask 
and dilute, if necessary, to about 200 c.c. Add 100 c.c. of concentrated hydro- 
chloric acid ^ and about 2 grms. of antimony powder, which has been ground in 
an agate mortar until it is free from all glistening particles. Now heat the 
liquid and boil vigorously for tive minutes, so that the antimony powder is 
projected well up into the liquid. 

The Titration. — Cool the flask and contents as rapidly as possible in a 
current of cold water and at the same time pass a rapid stream of carbon 
dioxide through the solution to prevent reoxidation. When cold, add a small 
chip of marble and 10 c.c. of starch solution. Titrate at once with 0*1 N- 
iodine solution until a blue colour is obtained which lasts for about two minutes. 
Since 1 c.c. of 0*lN-iodinc represents 0*007535 grm. of stannic oxide, SnOg, if 
V c.c. of iodine solution be used, the percentage of tin dioxide in the sample is 
3*014 V.3 

Tin Ash {Calcine). — Here, tin and lead are to be separated. The hydro- 
chloric acid solution is treated with an excess of sodium hydroxide, and 
saturated with hydrogen sulphide. Lead is precipitated; tin remains in 
solution. The tin solution may be treated as indicated on i)ages 313 -315; the 
lead sulphide as on page 329.^ 

Sodium Stamiate. — Commercial sodium stannato may contain relatively 
large quantities of sodium arsenate.^ The analyst may thus have to determine 
both the tin and the arsenic. The arsenic may be precipitated l)y placing best 
piano wire in the solution acidified with hydrochloric acid, as in the case of 
antimony by Tookey’s process. The tin can be determined in the filtrate. 
The sodium can be determined as chloride by applying part of the process 
given on page 217. 

^ F. Ibbotson and L. Aitchison, Tht Amlyais of Noft-fvrrouft Altuys, Londuii, J06, 1922. 

® Trivalent antimony and arsenic are not oxidised by iodine in strongly acid solution — 
F. Ibbotson and L. Aitchison (l.c.). 

* See also footnote 2, page 319. 

* For the solubility of lead sulphate in stannous chloride, see M. de Jong, Zeit. anal. Cheni.y 
41 , 596, 1902; A. van Kaalte, *5., 43 , 36, 1904. 

® E. Haeffoly (Phil. May., (4), 10 , 220 , 185.5) adds a known excess of arsenic, boils with 
an excess of nitric acid, weighs the tin as tin arsenate — 28 n 02 .ASj 505 — and determines the 
excess of arsenic in the filtrate. See T. Goldschmidt, Dinghr's Joum., 162 , 77, 1861; 
A. Scheurer-Kestner, Chim. Aj)p., 4 , 221, 1862; P. T. Austen, Amcr. Chem. Journ., 

5 , 210, 1883. 



CHAPTER XXIV. 


THE DETERMINATION OF LEAD. 

§ 152. The Properties of Lead Sulphate. 

Lead is perhaps most frequently separated and weighed as sulphate. Lead 
sulphate is a heavy white powder sparingly soluble in water: 100 c.c. of water 
dissolve nearly 0-0038 grm. lead sulphate at 15°.^ The solubility is decreased 
in the presence of small quantities of sulj)huric acid and increased in more 
concentrated solutions, as well as in solutions of hydrochloric and nitric acids. 
This is illustrated by the following table-: — 

Table XLV. — Solubility of Lead Sulpha^fe in Mineral Acids. 


Sulphuric acid. 

Nitric acid. 

Hydrochloric acid. 

Grm. PbS ()4 
per 1(K) 
grniH. sol. 

Normality 
of acid. 

Grm. PbS ()4 
per 1(K) 
grnis. sol. 

Normality 
of acid. 

Grm. PbS ()4 
per 1(K) 
grms. sol. 

Normality 
of acid. 

0003 

20-0 

0-33 

2-40 

0-14 

2-93 

0011 

31-5 

0-59 

3-60 

0-35 

4-77 

0-039 

36-4 

0-78 

1 

7-90 

0-95 

j 

1 6-66 

[ 


The effect of sulphuric acid in reducing the solubility of lead sulphate is 
illustrated by the graph, fig. 89. It is generally supposed that lead sulphate is 
best precipitated from a liquid approximately normal wdth respect to sulphuric 
acid, and the precipitate is best washed with an acid of the same strength. 
Huybrechts and Ramelot (l.c.) say that the solubility of lead sulphate in 
solutions of sulphuric acid, sodium sulphate or ammonium sulphate is a 
minimum (3 to 4 mgrms. per litre at 18°) at concentrations of 0-01 to 0*05 M. 


^ H. C. Dibbits, Zeit. anal. Chem., 13 , 139, 1874; F. Kohlrausch, ZtU. phya. Che.m., 50 , 
356, 1905; W. Bottger, ib., 46 , 602, 1903; R. Freseiiius, Liebig^ Ann., 59 , 125, 1876; G. F. 
Rodwell, Chem. News, li, 50, 1865; M. Pleissner, Ueber die Loslichkeit einigcr Bleiverbmdutigen 
in Wasaer, Berlin, 1903. 

* Schultz, Pogg. Ann., XI3, 137, 1861; G. F. Rodwell, Journ. Chem. Soc., 15 , 59, 1862; 
C. S. Sellack, Pogg. Ann., 133 , 137, 1868; Zeit, anal, Chem., 9 , 464, 1870; H. Struve, ib., 9 , 
34, 1870; W. Stadel, ib,, 2 , 180, 1863; C. Stammer, Dingier a Joum., 165 , 209, 1862; Chem, 
Ztg,, 6 , 63, 1884; J. Sehnal, Compt, rend,, 148 , 1394, 1909; K. Beck and P. Stegmtiller, 
Arb, Kais, Oesund. Amt.,S4t 446, 1910; M. Pleissner, ib,, 26 , 384, 1907; L. L. de Koninck, 
BvU, Soc, chim, Bdg,, 21 , 141, 1907; M. G. Donk, U.S, Dept, Agr, Bull,, 90 , 1905; H. Ditz 
and F. Kanhauser, Zeit, anorg, Chem,, 98 , 128, 1916; M. Huybrechts and H. Ramelot, Bull, 
Soc, chim, Bdg,, 36 , 239, 1927; A, E. Dawkins and P. R. Weldon Proc, Soc, Chem, Ind, 
Victoria, 22 , 940, 1922. 

3*3 
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Accordingly, they recommend that the solution, }>rior to filtration, should 
contain about 0*3 per ct^rit. of free sul})huric acid and that the precipitate 
should be washed with a solution of this concentration. The solubility of lead 
sulphate is also reduced in the presence of alcohol. Hence many i)refer to 
dilute the Ii<iuid with two or three times its volume of alcohol or methylated 
spirit, and wash with a dilute alcoholic solution of sulphuric acid containing 
10 per cent, of alcohol and 1 per cent, of sulphuric acid, in order to reduce the 
loss of lead sulphate to a minimum. There is little difference in the actual 
results with the alcohol and the dilute sulphuric acid treatments, but the use 
of alcohol is apt to give high results, becaiLse very few sulphates are readily 
soluble in alcohol. According to Sehnal, lead sulphate is ‘'absolutely insoluble 



Fkj. 89. — Effect of Sulphuric Acid on the Solubility of Lead Sulphate. 


in water containing one part of H2SO4 per 1000 c.c.’* If "absolutely'' here 
means that “the amount of soluble lead sulphate cannot be determined by 
ordinary analytical methods,” the statement is correct. 

The solubility of lead sulphate is increased in the presence of alkali 
chlorides and many other salts. It is fairly soluble in ammonium acetate,^ 
tartrate, citrate, chloride and nitrate, and in sodium thiosulphate, sodium 
acetate and caustic alkalies,^ In illustration, the following table represents the 
solubility of lead sulphate in ammonium acetate (Noyes and Whitcomb) and in 
sodium acetate (Dunnington and Long). The solubility is increased by raising 
the temperature. 

It is therefore necessary to precipitate lead sulphate from solutions as free 
as possible from, inter alia, ammonium salts, alkali chlorides, nitric and 
hydrochloric acids. If potassium salts be present, Levol ® has pointed out that 
there is a danger of precipitating potassium sulphate with the lead sulphate in 


^ L. Kahlenberg, Zeit. phys. Chem., 17 , 577, 1895; J. Lowe, Journ. prakt, Chem., (1), 
74 , 348, 1858; A. A. Noyes and W. H. Whitcomb, Journ, Armr. Chem, Soc,, 27 , 747, 1905; 
C. Blomberg, Chem. Wee.khlad, ii, 1030, 1914; J. W. Marden, Journ. Amer. Chem. Hoc., 
38 , 310, 1916; Anon, Chem. News, 1 , 132, 1860. 

* H. C. Dibbits, Bull. Hoc. chim., (2), 20 , 258, 1873; F. P. Dunnington and J. C. Long, 
Amer. Chem. Journ., 22 , 217, 1899; E. Lenssen, Journ. prakt. Chem., ( 1 ), 85 , 89, 1862; 
J. Lowenthal, ib., (1), 60 , 267, 1853; J. J. Fox, Journ, Chem, Hoc., 95 , 878, 1909. 

® A. Levol, Hep, Chim. App., 4 , 21, 1862; Chem. News, 5 , 144, 1862; J. J. Fox, Proc, 
Chem. Hoc., 23 , 199, 1907; Journ. Chem. Hoc., 95 , 878, 1909; F. G. Belton, Chem, News, 91 , 
191, 1905; Z. Karaglanov, Zeit. anal. Chem., zo 6 , 262, 1936, 
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Table XLVI. — Solubility of Lead Sulphate in Ammonium and Sodium Acetates. 


i 



Ammonium acetate. 


Sodium acetate. 

25 

KM)’ 

1 (K)° 

Grm. PbSO^ 

Grm. acetate 

Grm. PbS ()4 

Grm. acfdate 

Grm. PbSO^ 

Grm. acetate 

per 109 

per 100 

per 100 

per 100 

|K‘r 100 

per 100 

c.e. 

e.c. 

e.c. 

c.e. 

c.e. 

c.e. 

0(K)41 

0-000 

7-12 

28 

0-054 

2(»5 

(»()636 

0*798 

9-88 

32 

0-853 

8-20 

0138 I 

l-59() j 

10-.58 : 

37 

11-23 1 

41 

0-302 i 

3-192 1 

JMO i 

45 1 

i 





the form of a double lead and potassium siil])hate— K 2 Pb(S 04 ) 2 . There is not 
the same risk with sodium sulphate. 

The solubility of lead sulphate in sodium thiosulphate and ammonium 
acetate solutions is fre(piently used in sey)arating lead sulphate from barium 
sulphate. The latter is supjmsed to be insoluble in ammonium acetate and 
sodium thiosulphate. When sodium thiosulphate is used, the* temj>erature 
must be kept below 20'^, or an insoluble lead sulphide may be formed.^ If 
basic iron sulphate ^ or barium sulphate ^ be precipitated with the lead sulphate, 
there is a difficulty in dissolving the last traces of the lead sulphate in ammonium 
acetate, thus leading to low results. With ammonium acetate, there is a small 
error owing to the slight solubility of barium suly)hate in this menstruum. 
Kernot ^ finds that at 25° the solubility of barium sulphate reaches its maximum 
(0*133 grm. per litre) in a 30 per cent, solution of ammonium acetate and then 
falls as the concentration of the solution increases. Solutions of carbonates 
and of bicarbonates ^ convert lead sulphate at ordinary temperatures into lead 
carbonate, which is soluble in dilute nitric or acetic acid. This reaction is 
also sometimes used for separating lead sulphate from barium sulphate (see 
page 579), which does not react with carbonates in the same way.® 

Lead sulphate is practically unaltered wdien ex})osed to the air, and also 
when ignited at a low red heat. It fuses at about 1 1 00° without decomposition, 
provided reducing agents be absent.’ If heated for a long time there may be 


^ tj. Lowe, Journ. prakt. Chefn., ( 1 ), 77 , 75, 1859. 

* J. H. Walton and H. A. 8 oholz, Atner. Chem. Journ., 39 , 771, 1908; Chem. News, 98 , 
61, 76, 1908. 

8 J. C. Bull, Mu)oJ Mines Quart., 23 , MS, 1903; Chem. Neivs, 87 , 40, 52, 66 , 1903. 

* 0. Kernot, Jirnd. Arcfid,. Sci. Napoli, (3), 15 , 155, 1909. E. Krlenmeyer {Biochem. Zeit., 
56 , 330, 1913) separates lead sulphate from calcium sulphate by treating with equal volumes 
of a saturated solution of ammonium acetate and 96 per cent, alcohol, in which lead sulphate 
is eight times more soluble than the calcium salt. 

® H. Rose (Pogg. Ann., 95 , 426, 1855) says that bicarbonates do not dissolve lead. 

* In a glass containing silica, lead and barium, etc. these three can be obtained as pre- 
cipitates on the filter-paper after evaporation with sulphuric acid. The lead sulphate is then 
converted into lead carbonate, which is removed by acetic acid; the residue of silica and 
barium sulphate is ignited and weighed. The silica is then expelled by evaporation with 
hydrofiuoric acid and, after ignition, the barium sulphate weighed. The lead is determined 
by titration or gravimetrically. 

’ O. h. Erdmann, Joum. prakt. Chem., ( 1 ), 62 , 381, 1854. 
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an appreciable loss by volatilisation.^ Thus, 1*4082 grms., when heated in a 
porcelain tube in a current of carbon dioxide, lost in weight, according to 
Williams, 0*134 per cent, either by volatilisation or partial decomposition. 

§ 153. The Determination of Lead as Sulphate. 

The solution is evaporated with about 10 c.c. of concentrated sulphuric 
acid ^ until the total volume is reduced to approximately 3 c.c. If present, 
nitric or hydrochloric acid, which increase the solubility of the lead sulphate, 
will incidentally be expelled during the evaporation. Cool the solution. Add 
water until the volume of the liquid is about 100 c.c., thus giving a solution of 
about LON-strength. Stir and stand, then filter through a Gooch crucible 
packed with asbestos or, better, through a Munroe crucible,® since there is a risk 
of the acid attacking asbestos. Wash the precij)itate with dilute sulphuric acid 
(0*5N- to N-H2SO4) ^ and finally with alcohol, until the washings are free from 
sulphuric acid.® l)ry the precipitate over a burner with a mushroom head and 
finally ignite for a short time over a Bunsen burner ® at a dull red heat. 
When cold, weigh the ignited precipitate as lead sulphate — PbS04 — and add 
to the weight 0*()CX)6 grm., this being the solubility of the salt in 100 c.c. of 
1-0N-H2SO4. The weight of the lead sulphate multiplied by 0*7360 represents 
the corresponding amount of lead oxide — PbO — or use fig. 14. The results are 
usually excellent."^ 

§ 154. The Separation of Lead from Bismuth, Copper and 

Cadmium. 

The process just indicated gives excellent separations of lead from copper, 
cadmium and zinc. We therefore take up the problem left on page 277 : the 
separation of the constituents of the residue left on treatment of the hydrogen 
sulphide precipitate with sodium monosulphide. The residue is dissolved in 
concentrated hydrochloric acid. The procedure now varies according as 
bismuth is present or absent, for bismuth is so like lead in its general behaviour 


^ C. P. Williams, Chem. Newft, 23, 236, 1871; A. Mitscherlich, Journ. prakt. Chem,, (1), 
83, 485, 1861; J. Boussingault, Compt. rend,, 64, 1159, 1867. 

® Be careful in adding concentrated acid to dilute solutions, or some liquid may be lost by 
spurting. 

* Filter-paper can be used to collect the lead sulphate. In that case, dry the washed 
precipitate; separate the precipitate from the paper on a watch-glass; bum the paper in 
a weighed crucible; moisten the ash with nitric acid; add a drop of sulphuric acid ; evaporate 
to dryness on a low flame. Transfer the precipitate from the watch-glass to the crucible and 
ignite over the Bunsen burner to a constant weight. 

* L. L. de Koninck (Bull. 80 c. chim. Belg., 21, 141, 1907) washes the precipitate with water 
containing 0*7 per cent, of ammonium sulphate. 

* If the sulphuric acid be not washed out, particularly from filter-paper, the paper may be 
charred as the acid becomes more and more concentrated during the drying of the precipitate. 
With the Munroe crucible there is not so much need for the alcohol washing. 

® Some merely dry the precipitate at 110° before weighing. 

’ According to A. G. Blakeley and E. M. Chance (Journ. 80c. Chem. Ind., 30, 518, 1911), 
in the ordinary method of precipitating lead as sulphate, the presence of tin and antimony 
interferes because basic salts are precipitated with the lead sulphate. P. H. Walker and 
H. A. Whitman, Journ. Ind. Eng. Chem., i, 519, 1909; R. E. Lee, J. P. Trickey and W, H. 
Fegely, Journ. Ind. Eng. Chem., 6, 556, 1914. For the determination of lead as sulphate, 
see also L. W\ Winkler, Zeit. angew. Chem., 35, 662, 715, 1922; Z. Karaglanov and B. 
Sagortschev, Zeit. anal. Chem., 81, 275, 1930. F. D. Miles (Journ. Chem. 80c., 107, 988, 
1915) decomposes the precipitated lead sulphate with hydrogen sulphide and then titrates 
the liberated sulphuric acid. 
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that it is not easy to obtain clean separations and, if bismuth is present,^ a 
more circuitous path must be taken. 

(1) Bismuth absent . — This is nearly always the case in the analysis of 
pottery colours and glazes. The solution is evaporated on a water bath along 
with a little sulphuric acid. The evaporation is completed on a hot plate or 
over a ring burner, until the sulphuric acid begins to fume. The object is to 
drive off the hydrochloric acid, which leads to an imperfect precipitation of the 
lead sulphate. The lead sulphate is determined by diluting the solution as 
indicated for lead sulphate (page 326). 

(2) Bismuth present. — The solution should contain just enough hydrochloric 
acid to prevent the preci])itation of basic bismuth salts when the solution is 
diluted. The right amount of hydrochloric acid is determined ^ as follows: — 
Evaporate the solution on a water bath, and put a drop of the evaporating 
solution on a watch-glass with a drop of water. If no j)recipitate forms, too 
much hydrochloric acid may be present. Continue the evaporation. If a 
white precipitate forms, the evaporation has gone too far and hydrochloric acid 
is added, a few drops at a time, until no precipitate of basic bismuth salt forms 
when a drop of the solution is diluted with water. The lead is then precipitated 
as lead sulphate and the bismuth separated from the copper and the cadmium 
by Jannasch’s ynocess (page 362). If no bismuth be present, proceed to copper 
(])age 365). The y)rocess just indicated for the separation of lead from bismuth, 
copper and cadmium requires great care and some practice before good results 
can be ensured. Some might j)refcr to employ Lowe’s process for the separa- 
tion of bismuth from copj)er, cadmium and lead, and afterwards separate the 
lead from the copper and cadmium in the form of lead sulphate. The separa- 
tion of bismuth is discussed on page 360 et seq.^ 

The scheme for separating the constituents of the preciy)itate produced by 
hydrogen sulphide may now be conveniently summarised (mercury absent) — 
solids to left, solutions to right: — 


Digest with sodium sulphide 

I 


Dissolve in HCI; add H 2 vS 04 


Add NHg and magnesia mixture 


Lead 


Ammonia; HgOj 


Arsenic 


HgS; oxalic acid 


Bismuth Ammon, thiocyanate 


Copper 


Hydrogen sulphide 


r 

Cadmium 


Reject 


Antimony 


! 

Metallic zinc 


Tin 


Reject 


Any step can be omitted if the qualitative process shows the corresponding 
element is absent. The scheme for dealing with the next group is given on 
page 413. 


^ For the detection of lead in bismuth, see G. Gu4rin, Joum. Pharm.. Chim., (7), 8 , 422, 1913. 

* O. Steen, ZeU. angew. Chem.^ 8 , 530, 1895; H. Rose, Pogg. Ann.y no, 432, 1860; C. 
Friedheim, Leitfadenfur q'tmntitative chemische Analyse, Berlin, 300, 1906; H. Herzog, Joum, 
Anat. App, Chem., i, 245, 1887; Chem, News, 58 , 129, 1888. 

* A, Patera (Bull. Soc. cMm., (2), 5 , 442, 1866) separated lead chloride from bismuth 
chloride by shaking out with a mixture of absolute alcohol and ether, in which the bismuth 
chloride alone dissolves. 
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§ 155. The Analysis of White Lead. 

There are several alternative schemes for the analysis of white lead.^ The 
following process brings out the information required from the chemical analysis 
for most technical operations:- - 

Hygroscopic Moisture. — Dry a weighing bottle in a steam oven; cool in a 
desiccator and weigh. Transfer about 10 grms. of the sample to the weighing 
bottle and weigh again. Dry the sample in the steam or air bath at from 100° 
to 105° until no further loss in weight occurs — overnight generally suffices — 
when further heated. The loss in weight represents hygroscopic moisture.^ 

Dissolution of the White Xmd.- -Transfer a gram of the dried sample to a 
100 c.c. flask and boil for 5 minutes with an excess of dilute acetic acid.^ Filter 
through a 6-5 cm. filter- paper and wash once with hot dilute acetic acid and 
then with hot water. The residue may contain insoluble sand (silica), silicates 
(clays), lead sul])hate, barium sulphate, calcium sul])hfite and j)ossibly 
alumina, magnesia and free lead. 

The Soluble Portion. — Heat the solution; add 1 c.c. of a saturated solution 
of mercuric chloride.'* Pass hydrogen sulphide through the boiling liquid for 
about half an hour.^ Let the precipitate .settle. Filter.® Wash with hot 
watcr."^ The precipitate may contain zinc and lead sulphides; the filtrate, 
calcium, barium and possibly magnesium salts. Boil the filtrate to expel the 
hydrogen sulphide, and precipitate the barium with sulphuric acid (page 582) 
and filter. Calculate the corresponding amount of barium carbonate by 
multiplying the weight of barium sulphate by 0-8455. Precipitate the lime as 
oxalate (page 202), and calculate the corresy)onding amount of calcium car- 
bonate by multiplying the weight of calcium oxide by 1 -7846. Precipitate the 
magnesium as phosphate (page 205), and calculate the corresponding amount 
of magnesium carbonate by multiplying the weight of the magnesium pyrophos- 
phate by the factor 0-7573. 

^ P. Drawe, Zeii. aegew. Che.m.^ 15, 174, 1902; A. (/oppalle. Ami. Chim, anal, app.^ 12, 
62, 1907; 0. W. Thompson, Journ. Soc. Chem. Ind.^ 24, 487, 1905; G. Tissandicr, Chem. 
News, 23, 268, 1871 ; A. Ts’eujean, jT;., 22, 251, 1870; A. Adriani, /6., 4, 42, 1861; E. Euston, 
Journ. Ind. Eng. Chern.^ 6, 382, 1914; K, Friedrich, Metallnrgu;, 9, 409, 1912; Chem. Engineer, 
22 , 37, 1915; F. \V. Glaze, Chemist -Analyst, 16, 19, 1927; Proc. Amer. Eoc. Testing 
Materialsy 14, (1), 269, 1914. 

2 W. A. Davis and 0. A. Klein {Journ. Soc. Chem. Ind.y 26 , 848, 1907) say heat has no 
action below IKF and decomposition begins at 120°. L. Joulin (Chem. News. 27, 211, 1873) 
considers that at temperatures over 50° there is no security against partial decomposiition and 
loss of carbon dioxide. At 150° the pressure of cerussitc was Ixdow 30 mm.; at 250°, 75 
mm.; and at 300° decomposition was complete. We have met with only one sample of white 
lead which showed an appreciable decomposition when dried in the steam oven; usually 
drying in the steam oven is quite safe, A. Colson, Conipt. rend., 140, 865, 1905. 

* Dilute Acetic Acid. — 10 c.c. of glacial acetic acid with 25 c.c. water. Some prefer 
dilute nitric acid (1; 5). If too much nitric acid be present, the lead sulphate is not com- 
pletely separated. 

* When very small amounts of lead are to be precipitated as sulphide, E. Murmann 
{Monats., 19, 404, 1899; U. Antony and T. Benelli, Gazz. Chim. Hot., 26, i, 218, 1896) 
adds mercuric chloride to the solution before passing the gas. This prevents any colloidal 
lead sulphide passing through the filter-paper. The mercuric sulphide is volatilised on 
roasting the precipitate. 

* The presence of calcium chloride in a dilute solution of lead chloride in hydrochloric 
acid or nitric acid may inhibit the precipitation of lead sulphide owing to the solubility 
of lead sulphide in a solution of calcium chloride and acid. K. H. Mertens, Pharm. Centr., 
24, 273, 1883; H. Hager and E. Geissler, ib., 24, 273, 1883. 

* A. Gawalovski {Zeit. anal. Chem., 26, 51, 1887) suggests saturating the margin of the 
filter-paper with paraffin or fat (free from ash) in order to prevent the creeping of the 
precipitate over the edge of the paper. 

’ F. Moldenhauer {Chem. Ztg., 22, 256, 1898; Chem.. News, 79, 182, 1899) washes first 
with water and then with warm ammonium sulphide. 
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The precipitated mixture of zinc and lead sulphides is ignited in a porcelain 
crucible at a low temperature,^ in order to burn off the filter-paper and 
volatilise the mercuric sulphide. Brush the residue into a small beaker and 
wash out the crucible with dilute nitric acid (1 : 5). Add about 5 c.c. of 
concentrated sul])huric acid and evaporate down to a volume of 3 c.c. Separate 
the lead sulj)hate as on page 326. Weigh the ignited precipitate of lead 
sulphate as PbS 04 and add 0*0006 grm. The weight of the lead sulphate, 
multiplied by 0*85254, represents the weight of normal white lead — 2 PbC 03 . 
Pb(OH )2 ■ in given sample. The zinc is precipitated from the cold filtrate 
as zinc ammonium phosphate (page 387), and the corresponding amount of 
ZnO or ZnCO^ computed in the usual manner. 

The Insoluble Portion. — Boil the residue with 20 c.c. dilute hydrochloric 
acid (1 : 1) and 5 grrns. of ammonium chloride for 5 minutes. Dilute to 400 
c.c. Boil 5 minutes. The lead and calcium sulphates are dissolved ; barium 
sulphate,^ silica and silicates remain undissolved. Filter and wash with hot 
water. The lead is ])recipitated from the filtrate by hydrogen sulphide.^ The 
lead sulphide is treated as described above and reported as lead sulphate. The 
filtrate is treated with ammonia^ and ammonium oxalate to precipitate the 
lime as calcium oxalate (page 202). Report as calcium suljdiate. The residue 
(insoluble in ammonium chloride and hydrochloric acid), containing the barium 
sul])hate, sand and clay, is ignite^.d in a platinum crucible and weighed. Fuse 
the residue with ten times its weight of sodium carbonate. Extract with water, 
filter and wash. Digest the residue with dilute hydrochloric acid ; filter; boil; 
add sulphuric acid to precipitate barium sulphate (page 582); weigh the 
precipitate and report as barium sulphate. Deduct this weight from the 
“insoluble" and report the difference as “clay, sand and insoluble silicates.’’ 

Collecting these results together, it will be seen that we have followed the 
subjoined scheme (on next })age). 

Carbon dioxide can be determined as indicated on page 625. 

Wafer is determined as indicated on page 643 or 645. 

Irort is determined by dissolving 5 gr?ns. of the original samjde in dilute 
nitric acid. Precipitate the lead as sulphate; filter; evaporate to dryness; 
dissolve the residue in 1 c.c. of hydrochloric acid and a little water; and make 
the solution up to 200 c.c. Determine the iron colorimetrically ® (page 185) 
in 100 c.c. 

Copper is determined colorimetrically by the ferrocyanide process (page 
372) in the 100 c.c. remaining after the iron has been determined. 

' For the alleged volatilisation of lead sulphide, see H. Hose, Tmjg. Ann., iio, 134, 1860; 
G. F. Kodwell, Jonrn. Ch^'.m. Soc., 15 , 43, 1863; A. Souchay, ZW/. anal. Chrm., 4 , 63, 1865; 
A. Classen, Journ. prakt. Chem., ( 1 ), 96 , 257, 1865. 

* It must be remembered that heavy spar is slightly soluble in hydrochloric and nitric 
acids. Hence the '‘insoluble” heavy spar can only be determined approximately, unless 
the solution be evaporated to drync.s 8 and the residue taken up with water, filtered, washed 
and calcined at a low red heat. Note that the ‘‘total heavy spar” does not necessarily 
represent the amount of heavy spar added to the white lead, because the heavy spar used 
is not usually pure barium sulphate, but contains, say: 90 per cent. Ba 804 ; 2 ix>r cent. 
CaO; 7 per cent. SiOj,* 1 per cent. AljOg and FegOg. Since different solvents may dissolve 
different amounts of the heavy spar, it is easy to see how different “total insolubles” may 
be reported by different analysts. In exact work it is as well to fuse the “insoluble” with 
sodium carbonate as indicated in the text. 

* For the precipitation of lead sulphide from hydrochloric acid solutions, the solution 
should not contain more than 2*5 or 3 c.c. of hydrochloric acid (sp, gr. 116) per 100 c.c. 
of solution. 

* If alumina be precipitated when ammonia is added, filter, wash, ignite, weigh and report 
as alumina. 

* A. Lecrenier, Bull. Soc. chim, Belg., x 8 , 404, 1904; J. A. Schceffer, Joum. Ind. JEng, 
Ckem., 4 , 659, 1912. 
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I. Soluble in dilute acetic acid. Treat with HjS. 

A. Soluble. Add sulphuric acid. 

(a) Soluble. Add ammonium oxalate. 

1. Soluble. Add microcosmic salt. 

(i.) Soluble. Reject. 

(ii.) Insoluble Mg salt ..... MgCOg. 

2. Insoluble Ca salt ...... CaCOa. 

(6) Insoluble barium sulphate ..... BaCO.,. 

B. Insoluble. Take up with HNO3, add 112804. 

(«) Soluble. Add micro(^osraic salt. 

1. Soluble. Reject. 

2. Insoluble Zn salt ...... ZnO or ZnCOa. 

(b) Insoluble Pb salt 2PbC03 . Pb(OH )a. 

II. Insoluble. Digest with HGl and NH4CI. 

A. Soluble. Pass HaS. 

(а) Soluble. Add ammonium oxalate. 

1. Soluble. Reject. 

2. Insoluble Ca salt ...... CaS04. 

(б) Insoluble Pb salt 1^)804. 

B. Insoluble. Weigh, fuse sod. carb., etc. 

(а) Soluble. Add H2SO4. 

1 . Soluble. Reject. 

2. Insoluble Ba salt ...... BaS()4. 

(б) Insoluble. Subtract weight of IF. B., («) 2, from II. B., Insolubles. 

Acetic acid is determined by alternate straight and steam distillation 
from a mixture of the sample with phosphoric acid.^ The distillate is titrated 
with 0*lN-NaOH and phenolphthalein as indicator until 10 c.c. of fresh 
distillate require but a drop of the alkaline solution to redden the indicator. 

Soluble salts are isolated by boiling 5-10 grms. of the sample with 100 c.c. of 
water. Filter and wash. The sulphates are often determined by the barium 
chloride process (page 703). The barium sulphate may be expressed either in 
terms of SO3, or, as is sometimes done, as ZnB04. 

Sulphur dioxide or sulphites are sometimes found in the quick process white 
leads. Mix 2 grms. of the dried sample with 100 c.c. of recently boiled cold 
water in a 300 c.c. Erlenmeyer’s flask; add 5 c.c. of concentrated sulphuric 
acid. Thoroughly agitate the mass. In about 15 minutes, titrate the mixture 
with 0-lN-iodine solution, using starch as indicator. Continue the titration 
until the blue colour develops. 1 c.c. of 0*lN-iodine solution represents 0-0032 
grm. of SOg. 

§ 156. The Analysis of Red Lead and Litharge. 

Red lead is usually made by roasting “pig lead’’ until oxidation ceases. 
The red lead may contain as impurities or adulterants heavy spar, lead sulphate, 
silica, ferric oxide, copper oxide and bismuth oxide. It also contains metallic 
lead and various lead oxides — PbO, PbgOg, PbOg. Silica and clay may be 
derived from the floor of the muffle in which the red lead was roasted. Owing 
to the difference in the specific gravity of heavy spar and red lead, good mixing 
is difficult and an intimate mixture is liable to segregate when travelling in 
casks. Hence samples drawn from different parts of the same cask may give 
different results. Care must therefore be exercised in the sampling.* 

^ G. W. Thompson, Journ, 80c. Chem. Ind., 24 , 587, 1905. 

* For the analysis of red lead and litharge, see Proc. Amer. 80c. Testing Materials^ X 4 (1), 
281, 1914; J. Milbauer and B. PivniCka, Zeit, anal, Chem., 53 , 345, 1914; A. P. West, Philippine 
J. Sci., 8 , 429, 1914; P. Beck, Zeit. an>cU. Chem., 54 , 137, 1915; J. A. Schseffer, Jmrn. Ind. 
Eng. Chem., 8 , 237, 1916; R. L. Hallows, Class Ind., 9 , 269, 1928; G. A. Ampt, Proc. 80C. 
Chem. Ind. Victoria, 30 , 353, 1930; N. Busvold, Chem. Ztg., 56 , 106, 1932; G. Bruhns, ib., 
55 , 50, 1931; J. F. Sacher, Farbe und Lack, 403, 1933; S. Kettle, Chemist-Andlyst, 25 , 6 , 
1936. 
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Dissolve, say, 10 grins, of the given sample in 10 per cent, nitric acid, or in 
acetic acid. The dissolution is greatly facilitated by the addition of about 
10 c.c. of hydrogen peroxide (5 per cent.) ^ just after the addition of the nitric 
acid. Heat the solution for about an hour on the water bath. Filter and 
wash with hot water. The insoluble residue may contain clay, silica and heavy 
spar — barium sulphate.^ This is treated as indicated for white lead (page 329), 
The filtrate is evaporated to dryness with nitric acid in order to make any 
silica in it insoluble and the latter is filtered off. The filtrate from the silica 
is treated with sulphuric acid in the usual way, in order to precipitate the lead 
as sulphate. Keep the excess of acid down to about 3 c.c. of concentrated 
sulphuric acid per 100 c.c. of solution. The filtrate from the lead sulphate is 
treated with hydrogen sulphide to precipitate the arsenic, antimony, copper 
and bismuth as sulphides. Separate the arsenic and antimony from the copper 
and bismuth by means of sodium monosulphide (page 276); determine the 
copper colorimetrically (page 372). If no arsenic or antimony be present, 
determine the copper in the filtrate from the lead.^ Iron,^ zinc and lime can be 
determined, if present, in the filtrate from the hydrogen sulphide precipitate 
(page 275). 

Metallic Lead . — Red lead and litharge frequently contain free metallic lead 
diffused throughout the mass in fine granules — maybe uj) to 3 per cent.® To 
determine the amount, dissolve a knowm weight of the red lead in dilute acetic 
acid at 40° in the presence of hydrogen peroxide. Wash the residue with an 
acetic acid solution of ammonium acetate and then with water. Dry and weigh 
the residue. If other impurities be present, the metallic lead can generally be 
separated by treatment with dilute nitric acid, and either the washed residue 
dried and its weight subtracted from the original weight of the residue, or the 
lead determined in the nitric acid solution as usual. 

Lead Monoxide . — The presence of lead monoxide, due to imperfect oxidation, 
is common. Transfer 1 grm. of the dried sample to a small beaker and digest 
for 30 minutes on a water bath with 25 to 30 c.c. of a neutral saturated solution 
of lead acetate, in which lead monoxide dissolves. It is advisable to cover the 


^ Hydrogen peroxide of commerce sometimes contains sulphuric acid and in consequence 
may pn?cipitatc lead sulphate, hence pure hydrogen peroxide must be used. Cane sugar, 
oxalic acid (R. Fresenius, Anleitun^ zur q'mntitativen Analyse, Braunschweig, 2 , 484, 1903), 
tartaric acid (G. Torossian, Journ. Ind. Eng. Chem., 8 , 1076, 1916), lactic acid (A. Partheil, 
Cheni. Ztg., 31 , 941, 1907), methyl alcohol, glycerol, formaldehyde, phenylhydrazine and 
hydroxylamine hydrochloride have also been suggested (H). Pieszczek, Pharm. Ztg., 52 , 922, 
1908; F. P. Dunnington, Zeit. anal. Che.m., 28 , 338, 1889; L. Opificius, ib., 28 , 345, 1889; 
H. Schlossberg, ib., 41 , 740, 1902), but hydrogen peroxide will be difficult to improve upon. 

* Barium sulphate is not a common impurity of normal red lead, since it makes the lead 
incline to an orange tint. The heavy spar in “tinted red leads” may vary from 10 to 70 pcT 
cent. Highly adulterated red load has been stained with aniline dyes to a good standard 
colour (M. Frehse, Ann. Chim, anal, app., ii, 176, 1906). The dye can be detected by the 
tint acquired by digesting the red lead in a suitable solvent. Shake 20 c.c. of 95 per cent, 
fljcohol with 2 grms. of the sample, heat to boiling and let settle. Pour off the alcohol and 
boil with 20 c.c. of water; let settle and proceed in a similar way with ammonium hydroxide. 
If any of these three solvents has been coloured, the red lead is probably coloured ^ith an 
organic dye. 

® For the determination of copper, see T. B. Blunt, Chem. News, 32 , 3, 1875; P. Beck, Zeit. 
anal. Chem., 54 , 137, 1915; C. R. Hardy, Chem. News, 120 , 256, 1920; H. Blumenthal, Mitt. 
deuU Materialspriifungsanatalt, Sonderheft, 22 , 40, 1933. For bismuth, see P. Beck, loc. cit.; 
H. Heinrichs and M. Hertrich, Olastech. Bet., 2 , 112, 1924. 

* For the determination of iron, see P. Beck, loc. cit. ; C. R. Hardy, loc. cit. ; H. Heinrichs 
and M. Hertrich, loc. cit,; L F. Sacher, Farben Ztg., 31 , 2131, 1926; L. Springer, Olastech, 
JBer., 4 , 458, 1927; H. Heinrichs, Zeit. angew. Chem., 41 , 450, 1928; T. B. Blunt, loc. cit. 

* 0. C. Wittstein, DinghPa Joum., 194 , 84, 1869; Chem. News, 20 , 249, 1869; P. Fluch, 
Zeit. anal. Chem., 75 , 371, 1928; T. B. Blunt, Chem. News, $2, 3, 1876, 
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beaker with a watch-glass. Filter off the insoluble red lead on a weighed 
Gooch crucible. Wash and dry at 100^^ to constant weight.^ Report the loss 
in weight as lead monoxide. 

Lead Peroxide. — Digest, say, one gram of dry red lead in a porcelain dish 
with 20-30 c.c. of dilute nitric acid (1:5) on a water bath for a few minutes,^ 
when insoluble lead dioxide ^ and soluble lead nitrate are formed. The former 
may be filtered off, washed, dried at 1 10”, and weighed. For the volumetric 
determination, add 50 c.c. of 0*2N-oxalic acid to the weighed quantity of red 
lead and heat to boiling.^ Titrate the excess of oxalic acid in the hot solution 
without filtering by means of a 0*2N-]:)otassium permanganate solution. If 39 
c.c. of permanganate are used, then 50 - 39 = 1 1 c.c. of 0*2N-oxalic acid are used 
for the reduction of the gram of red lead. From the equation 

PbOg + H2C2O4 - PbO -f H2O + 2CO2 

it follows that 1000 c.c. of the 0*2N-oxalic acid represents 23*92 grms. of Pb02, 
or 1 c.c. represents 0*02392 grm. of Pb()2. Hence 11 v.c. of oxalic acid cor- 
respond with 11 X 0*02392 = 0*2631 grtn. Pb02. Hence one gram red lead has 
0*2631 grm. PbOg, or 26*31 per cent. PbO^.^ The lead sesquioxide may be 
calculated from the total weight of lead in the sample less that present as free 
lead, PbO and PbOg. 


^ Lead sesquioxide — Pb 2 () 3 “-is scarcely attacked by the leaf! acetate — E. E. Dunlap, 
Journ. Amer. Chrm. Soc., 30 , 611, 1908; L. Opiticius, dht m. 12 , 477, 1888. I). Woodman 
(Journ. Amer. Vhem. Soc.^ 19 , 3:19, 1897), using this process, found a variation of 41-92 per 
cent, in the amount of red lead, and from 8~59 per cent, of lead monoxide, in commercial red 
leads on the American market. J. Lowe {Dimjler'fi Journ. ^ 271 , 472, 1889) recommends lead 
nitrate. J. Milbauer {(Jhem. Zig.^ 38 , 477, 1914) concentrated pota.ssium hydroxide or lead 
acetate. 

* E. Lux, Zeit. anal. Chem., 19 , 1.53, 1880; E, Hupp, ih.. 42 , 732, 1903; If. Schlossberg, 
i7>., 41 , 735, 1902; P. Beck, ib.. 47 , 465, 1908; H. Fleck, /Ur., 20 , 855, 1881; W. P. Joshua, 
Amilytische Heitrdge zur Bf^Hmmung van Blcisuperoxyd nehen BUi und Blfloxi/d, Ziirich, 
1906; A. Chevala and H. Colle, Gazz. Chim. ItaL, 41 , ii, 551, 1911; Zf'it. anal, ('hem., 50 , 
209, 1911; J. F. Sacher, Chem. Ztg., 35 , 731, 1911; J. A. SchiefTer, Journ. Ind. Eng. Ghent., 
8 , 237, 1916; A. Ipiens, Zeit. anal. Gkem., 53 , 261, 1914; .1. Milbauer and B. Pivni^ka, ih., 
53 , 345, 569, 1914; E. 8 zterkhers, Ann. ('him. anal, app., 7 , 214, 1902; L. Moser, Chem. Ztg., 
39 , 245, 1915. G. Finzi and E. Kapuzzi {Zeit. anal. Chem., 52 , 358, 1913) treat the peroxide 
with hydrazine acetate and compute the amount of lead {)eroxide from the volume of nitrogen 
evolved. Cf. E. »Schurmann and K. Charsius, Chem. Ztg., 58 , 55, 1934; Mitt. dent. Mnteriah- 
priifungmn^talt, Bonderheft, 22 , 37, 1933. A. Masse! in and A. Caille, Bull. Sor. ind. Bouen, 
60 , 99, 1932. 

® It is simply a fa^on de. parler to say “the PbOj content of red lead,” since this statement 
does not imply the existence of PbOj in red lead. Hod lead is probably not a mixture of 
PbOg and 2PbO. See J. W. Mellor, A CemiprehenJiwe Treatise an Inorganic and Theore/ical 
Chemistry, London, 7 , 676, 1927. For the determination of free lead peroxide in litharge, 
see L. S. Dean, Chem. News, iii, 2, 1915; W. V. Morgan, Jmirn. Ind. Eng. Chem., 11 , 1055, 
1919. 

* Impurities like sand, barium sulphate, lead sulphate, remain undissolved. 

* G. Topf {ZeU. awil. Chem., 26 , 296, 1887; W. Diehl, Dingler's Journ., 246 , 196, 1882) 
heats the red lead with hydrochloric acid and marble, and passes the chlorine evolved into 
a standard solution of potassium iodide (5 grms. neutral Kl, free from iodates, in 1 (X) c.c. 
of water) contained in each of a couple of Peligot’s tubes, and determines the liberated iodine 
in the regular way, p. 285. V. Farsoe, Zeit. anul. Chem., 46 , 308, 1907; A. Travers, Gimpt. 
rend., 196 , 548, 1933. After the action, the iodine solution is titrated with O-lN-sodium 
arsenite. In a sample weighing 0*3624 grm., 10 c.c. of the 0 *lN-sodium arsenite solution 
were needed. Hence the red lead contained 33*0 per cent, of PbOj. C. Marchese {(Jazz. 
Chim. Ital., 37 , ii, 289, 1907) has examined several methods of determining load peroxide in 
red lead — H. Forestier’s method {Zeit. angew. Chem., 11 , 176, 1898; Annul. Lab. Chim. 
M. Qahelle, 5 , ii, 486, 1906), in which the red lead is heated for half an hour on a water bath 
with 10 o.c. of 10 per cent, acetic acid solution, and 20 c.c. of water. The insoluble residue 
after washing represents “lead peroxide and other insoluble matter.” — E. Szterkhers’ method 
{Ann. Chim. anal, app., 7 , 214, 1902) depending on the insolubility of lead peroxide in dilute 
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In the gravimetric determination of lead peroxide, the sample is digested 
with warm dilute nitric acid (1 : 5) and allowed to stand in a cool place lor 24 
hours. Filter through a Gooch crucible, wash with hot water, dry 6 hours 
between 105^’ and 110'^ and weigh as PbOg. To calculate the corresponding 
amount of Pb.j04 multiply by 2*8662. The difference between this weight 
and the weight of the original sample does not represent the litharge in the 
sample, because lead sesquioxide — PbgO^ — dissolves in the nitric acid and 
would be in consequence reported as litharge. In calculating the PbOg to 
allowance must be made for any insoluble residue in the sample 
(page 331). 

§ 157. The Analysis of Lead Chromates. 

The chrome yellows and chrome reds are lead chromates or basic lead 
chromates with more or less lead sulphate, white lead, lead oxide, barium 
sulphate, calcium carbonate, calcium sul- 
phate, zinc- oxide, ferric- oxide and silica, 
along with soluble salts due to im{)erfect 
washing, e.g. potassium sulphate, potassium 
dichromate, potassium permanganate. A 
chrome yellow' may be {‘ojisidered adul- 
terated if it contains anything besides in- 
soluble lead chromates and lead com- 
pounds. The scheme of analysis depends 
upon the information desin^d.^ 

Insaluhle Mailer. Digest 1 grin, of the 
dry powder (lOO’s la-w'n) in boiling con- 
centrated hydrochloric acid, adding half 
a dozen drops of alcohol to the boiling 
liquid one at a time. This a(‘celerates 
the dissolution of the lead chromates. 

Lead chloride — PbClg — and chromic 
chloride — CrC1.j — are formed. Evaporate 
the solution to dryness. Add a few drops 
of hydrochloric acid and 100 c.c. of hot 
water. Filter the hot solution (a hot- 
water funnel, 2 fig. 90, is here useful). 


nitric acid — 2 c.c. of acid {.sp. y:r. 118) and 30 c.c. of water — free from nitrous acid. Foresticr’s 
method requires a lonj^er heating or stronger acid than is prescribed by its author. Topf’s 
and iSztcrkhers’ nicthod.s are considered In^st. A. J’artheil {Ver. Ges. dent. Naturfomch. 
Aertze^ 159, 1907) prefers Topf*s process. See also H. Blurnenthal, Mitt. deul. Materinls- 
prujmigsanstnlt, tSon/lvrhrfl, 22, 40, 1933; A. V. Pamfilov, Xeil. anal. Chem., 78, 40, 1929; 
A. V". Pamfilov and E. G. Ivancheva, I’A., 79,186, 1930; 88, 23, 1932; Journ. Gen. Chem. 
{V.SM.H.), I, 760, 1931; 3, 262, 1933. 

^ E. F. ScherulHil and E. S. Wood, Journ. Ind.. Eng. Chem.^ 2, 482, 1910; P. H. Walker, 
Bull. U.S. Dept. Agric. Chem., 109, 29, 1910; M. Lachaud and C. Lapierre, Bull. Soc. chim., 
(3), 6, 335, 1891; CompL rend., no, 1035, 1890; A. Voet and W. Oostveen, Did. Chim. Beige, 
7, 239, 1936. 

* Hot Funnel. — There are numerous types of hot funnel very useful for filtering hot 
solutions w'hich have a tendency to crystallist^ on cooling. In filtering saturated salt solutions 
liable to crystallise, it is best to use funnels with the stem cut off, e.g. Gattermaiin’s funnel. 
A good temporary hot-water jacket can l)e made by wrapping a piece of flexible copper, lead 
or “compo” gas piping spirally two or three times round the funnel and blowdng steam through 
the spiral by connecting the pipt^ wuth a tin can containing boiling water, fig. 90 (A. Horvath, 
Liebig's Ann., 171, 135, 1874; O. von Liebreich, Chem. Ztg., n, 153, 1887; Zeit. anal. 
Chem.f 27, 387, 1888; 24, 582, 1885; V. Brudny, Zeit. Mikros., 26, 418, 1910). Another 
simple form is a plain sheet zinc or copper bath with a sheet zinc or copper funnel soldered 



Fig. 90. — Hot Funnel. 
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Wash the residue with hot water,^ ignite and weigh. The result is sometimes 
reported as ‘‘insoluble matter’’; it contains barium sulphate and silica. The 
silica can be volatilised by treatment with hydrofluoric acid and sulphuric 
acid (page 149). The residue is then reported as “barium sulphate,” and the 
loss in weight by the hydrofluoric acid treatment is reported as “silica.”^ 

Calcium Sulphate. — Add a hot solution of barium chloride to the boiling 
filtrate, and determine the sulphates in solution as barium sulphate 
(page 703). Calculate the corresponding amount of calcium sulphate by 
multiplying the weight of the barium sulphate by 0*5832. 

Zinc Oxide and Calcium Carbonate. — Digest a gram of the sample with 
concentrated acetic acid, boil, dilute to KK) c.c., filter and wash with dilute 
acetic acid. The zinc oxide, the calcium salts and some lead oxide })ass into 
solution. Precipitate the lead and zinc by means of hydrogen sulphide, filter 
and wash as described on page 328. Add ammonia to the filtrate until the 
solution is alkaline; precipitate the lime as calcium oxalate and proceed as 
described on page 202. The weight of the calcium oxide so obtained, multiplied 
by 1*7846, represents the corresponding amount of calcium carbonate. The 
weight of the calcium sulphate obtained in the preceding determination, 
multiplied by 0*7351, gives the equivalent amount of calcium carbonate. The 
difference in the two results represents the amount of calcium carbonate in the 
given sample. 

The mixed lead and zinc sulphides are treated as described on page 329, but 
the lead sulphate is rejected. The zinc is w^eighed as phosphate, page 387, 
and reported as zinc oxide. 

Ferric Oxide and Lead Chromate. — Boil 1 grm. of the powdered sajnple 
with about 10 grms. of potassium hydroxide and 100 c.c. of water, filter and 
wash with hot water. The alkaline filtrate containing the lead chromate in 
solution ® is acidified with acetic acid, when insoluble lead chromate will be 
precipitated. This is collected on a weighed Gooch crucible, washed with 
water, dried at 110° and weighed as lead chromate - PbCr 04 . 

The filter-paper contains the ferric oxide, barium sulphate, silica and lead 
oxide. Ignite the mixture slowly, and at as low a heat as possible, in a por- 
celain crucible so as to prevent the mass sticking to the sides of the crucible. 
Digest the residue with 5 c.c. of hot concentrated hydrochloric acid until the 
residue is colourless, then transfer the mixture to a beaker with 50 c.c. of water. 
Filter off the insoluble silica and barium sulphate. Nearly neutralise the 
filtrate with ammonia and precipitate the lead as lead sulphide. Wash and 
reject the precipitate. The filtrate is boiled to expel the hydrogen sulphide and 


into the bath, so that the glass funnel fits into the metal funnel, with the stem of the glass 
funnel below the bath. If necessary, the bath can be fitted with a condenser or with a con- 
stant level attachment. In Paul’s steam-heated funnel (T. I*aul, Be/r., 25, 2208, 1886) the 
steam is blown through a copper tube bent in a spiral form to fit the funnel. The condensed 
steam returns to the boiler, A simple method of heating by an electric current is also available. 

* If lead sulphate be present, it must now be washed out by digesting the residue, 
before ignition, with sodium thiosulphate, or ammonium acetate, or ammonium chloride, and 
precipitated from the filtrate by treatment with hydrogen sulphide (page 275). If the residue 
be coloured, repeat the digestion with a few drops of hydrochloric acid. Some basic lead 
chromates may be present, which dissolve very slowly in acids; in that case, the addition 
of alcohol or hydrogen peroxide is advisable to hasten the process of dissolution. 

2 There are objections to this practice. Lead sulphate, if it be present, would thus be 
reported as barium sulphate. For a more exact method of treating the insoluble residue, 
see white lead, page 329. 

® A. Voet and W. Ooatveen {Ind. Chim. Beige, 7, 239, 1936) pour the alkaline solution 
into excess of dilute hydrochloric acid, cool, add excess of potassium iodide and titrate the 
liberated iodine with tniosulphate. 
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treated with a few drops of nitric acid to oxidise the iron. The iron is precipi- 
tated with ammonia, washed, ignited and weighed as ferric oxide (page 164). 

Total Lead Oxide , — 1 gram of the sample is digested with concentrated 
hydrochloric acid, evaporated to dryness and the residue treated with a few 
drops of hydrochloric acid and about 100 c.c. of hot water. Boil the solution 
until it has a clear green colour. Filter. Add 5 to 10 grms. of sodium acetate to 
replace the free hydrochloric acid by acetic acid.^ Add 5 c.c. of acetic acid and 
a gram of potassium chromate. Stir the solution vigorously. The lead 
chromate is precipitated. Filter through a weighed Gooch crucible, wash the 
precipitate with water, dry at 110'^ and weigh as lead chromate — PbCr 04 .^ 
The difference in the weight of the lead chromate so determined and that 
previously obtained is multiplied by 0*6905, and the result reported as lead 
monoxide — PbO. 

White Lead . — If white lead be present, determine the amount of carbon 
dioxide in the given sainj)le (page 624 or 625), and deduct the carbon dioxide 
corresponding with the calcium carbonate previously determined. The result, 
multiplied by 8*81 44, gives the corresponding amount of white lead — Pb(OH )2 . 
2 PhC 03 . The amount of white lead is multiplied by 0*8633 to get the corre- 
sponding amount of lead oxide— -PbO. This is deducted from the lead oxide 
previously obtained. 

Soluble Salts . — The soluble salts — acetates, dichrornates, sulphates, nitrates 
— present are generally derived from imperfect washing in the manufacture of 
the chromate. The soluble salts are determined by w*eighing, say, 5 grms. of 
the dry (109'^) impalpable powder in a Gooch crucible (dried at 109'^), and 
washing six times with 25 c.c. of cold water. Dry the contents of the crucible 
at 109"^ and weigh. The loss in weight represents the soluble salts removed by 
the water. The washings may be examined, if desired, and the salts just 
named specially determined qualitatively, or quantitatively.® 

Results . — Scherubel and Wood’s test analysis on a known mixture gave the 
following percentage results: — 



SiO^. 

BaSO^. 

FCgOg. 

CaS 04 . 

ZnO. 

CaCOg. 

PbCrO^. 

PbO. 

Used 

4*76 

4*76 

4*76 

4*76 

9*52 

4*76 

57*14 

9*54 

Found 

4*52 

4*70 

4*88 

4*90 

9*54 

4*64 

57*04 

9*68 


These results must be considered satisfactory for technical work. 

Naples Yellow . — In evaluating this substance, lead and antimony are to be 
separated. Determine the antimony volumetrically in an aliquot portion of the 
solution : the lead may be determined by precipitation as sulphide by hydrogen 


' If iron be present, the solution turns reddish-brown. 

* The separation of load as ohromate is sometimes advantageous under conditions where 
the sulphate, sulphite or molybdate separations would be less convenient. This, for instance, 
is the ease in separating small quantities of lead from copper and zinc in acetic acid solutions, 
and in sejmrating lead from silver in ammouiaeal solutions. If bismuth be present, some 
bismuth chromate will be precipitated with the lead chromate, and the two must be separated 
by other methods — W. Diehl, Chern. hid.^ 6, 157, 1883. Compare H. Fimk and J. Weinzierl, 
Zeit. anal. Chem., 8i, 380, 1930. For the solubility of lead chromate in water, see M. Huy- 
brechts and C. Degard, Bull. Soc. chim. Bdg.y 42, 331, 1933. Several volumetric processes 
are based on this reaction. An excess of a standard solution of potassium dichromate is 
added to the solution of the lead salt and the excess determined by a standard solution of 
ferrous iron. A. Longi and L. Bonavia, Oazz. Chim. Jtal.y 26, i, 327, 1896; G. Giorgis, ib.y 
26, ii, 554, 1896; H. K. Meade, Joum. Am&r. Chem. Soc., 19, 374, 1897; J. H. Wainwright, 
ib.y 19, 389, 1897; C. W. Simmons, J. R. Gordon and H. C. Boehmer, Canad. Chem. Joum., 
4, 139, 1920; I. M. Kolthoff, Pharm. Weeldtlad, 57, 934, 1920; W. W. Scott, Ind. Eng. Chem., 
ly, 678, 1925,* Z. Karaoglanov and B. Sagortschev, Zeit. anal. Chem., Si, 275, 1930, 

* In this case probably more powder ^1 be ne^ed. 
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sulphide in an alkaline solution, hot, if necessary, to keep the lead chloride in 
solution . 1 

§ 158. The Determination of Silver in Lead Compounds by the 

Turbidity Method. 

Silver in small quantities is best determined by cupel lation. The amount 
present in red or white lead is usually too small to be determined satisfactorily 
by other gravimetric ^ or volumetric ])rocesses. Blunt determines the silver 
by the following turbidity process:- -Dissolve 10 grms. of, say, red lead in 
50 c.c. of dilute nitric acid (sp. gr. 1-42, 1 vol. ; water 3 vols.) quite free from 
chlorides. Dilute to 120 c.c.; filter; wash the residue with a little distilled 
water; make the filtrate up to 200 c.c. Pipette out 100 c.c. of the solution, 
add one drop of concentrated hydrochloric acid and stir. The lead chloride 
passes into solution and the silver chloride produces a white turbidity. Allow 
to stand for an hour and then filter through a dry 5*5 cm. filter-paper into the 
right hand test glass of a colorimeter. The remaining 100 c.c. of solution is 
placed in the left hand test glass and similarly treated with one drop of acid 
and stirred. Add a standard solution of silver nitrate ^ drop by drop with 
constant stirring to the solution in the right hand test glass until the turbidity 
in both vessels a})pears the same. The vadume of the silver nitrate solution 
used represents the amount of silver in KK) c.c. of the solution. Cf. page 749. 

§ 159* The Determination of Silver and Gold by Cupellation. 

This process is very old, and an enormous number of determinations of gold 
and silver by this process are made daily in assay offices in different parts of the 
world. A known weight of the lead compound is reduced to the metal. The 
metal is then heated in a shallow cup, called a cupel, made of bone ash or some 
other suitable material, whereby the lead is oxidised and absorbed by the cupel ; 
the silver remains behind as a small bead. The silver will be alloyed with gold, 
if gold be present.*'* 

Roasting and Fusion , — ^The object of the fusion is to collect the silver in a 
button of metallic lead-silver alloy. Intimately mix 100 -12f) grins, of pure, 
dry litharge, red lead or white lead and, say, 10 grms. of the finely powdered 
lead ore with the flux — sodium bicarbonate 60 grms., argol 2 grms. — on a sheet 
of glazed j)aper. The mixture is transferred to a fireclay crucible so as to fill 
the crucible not more than three-quarters full,® and the whole contents covered 
with a layer of finely powdered dry borax glass. The lid is placed on the 
crucible and the whole heated gradually to prevent breaking the crucible or 
prevent the charge from “blowing.’^ When the contents of the crucible have 
ceased bubbling and all is in a state of quiet fusion, the crucible is removed 
from the fire and gently tapped, sides and bottom, in order to assist the molten 
metal inside to collect on the bottom of the crucible. The molten contents 
of the crucible are usually poured into conical iron moulds; or the crucible 


^ The lead may also be precipitated as oxalate and the lead oxalate determined by titra- 
tion with potassium ptTraanganate, as indicated for lime (page 205). 

* Precipitation as silver chloride or iodide. 

* T. P. Blunt, Chem. News., 32 , 3, 1875; J. Knitwig, Ber., 15 , 307, 1264, 3882; G. Rebi^re, 
Bull. 80 c. chim., (4), 17 , 306, 1915; T. von Hcidlberg, Biochem. ZeiL, 192 , 238, 1928. 

* Silver Nitrate Solution. — Dissolve 1-5748 grms. silver nitrate in water and make the 
solution up to a litre. 1 c.c. represents 0-001 grm. of silver — Ag. 

® For a critical examination of the cupellation process, see J. W. A. H. Smit, Bee. Trav, 
chim., 40 , 119, 1921. 

^ Say, a Battersea round, approximately size £. 
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may be allowed to cool and then broken. The slag is separated from the lead 
button by hammering the button on an anvil into a cube with its corners 
flattened,^ The button should weigh about 20 grms. If it weighs more, use 
less argol; if less, more argol. 

Cupellation . — The object of the cupellation is to remove the “ base” metals 
by oxidation and absorption in the cupel. The “noble” metals — gold and 
silver — remain on the cupel bottom after the operation in the form of a small 
bead. Place three or four empty cupels ^ in a red-hot muffle.^ In about 10 
minutes the button of lead is placed by means of the “cupel tongs” in the 
centre of a hot cupel free from cracks. Close the door of the muffle. The lead 
melts (327°); a black scum develops on its surface. This disappears in a few 
minutes (about 675°) and the molten lead has a bright silvery appearance. 
The door of the muffle should be opened, but not wide enough to allow cold air 
to impinge directly on the cupel. Oxidation now sets in vigorously. The 
flakes of oxide which form on the surface of the button slide down its convex 
surface and are absorbed by the cupel. The temperature of the cupel should 
not exceed 750° — a temperature well below the melting-point of litharge (about 
9CK)°). 

The most common mistake at this stage is too high a temperature. If the 
temperature of the muffle is right, “feathers” of litharge appear on the side of 
the cupel, nearest the doors of the muffle, and on the upper rim of the cupel. 
If the temperature is too low, feathers form low down in the cupel. If the 
muffle be not hot enough, put a lump of charcoal in front of the cupel. This 
will raise the temperature a little. 

Sometimes the action vstops during cupellation and the button solidifies. 
This is called “freezing.” This arises when the lead has been oxidising more 
rapidly than the lead oxide has been absorbed by the cupel. In that case add 
more lead to the cupel. If “freezing” be due to the low temperature of the 
muffle, the temperature of the latter must be raised a little. The result of a 
cupellation with a button which has frozen is to be regarded with suspicion. 

Traces of foreign metals — e.g, copper, antimony, iron, zinc — are partly 
absorbed by the cupel and partly volatilised as oxides. As the absorption of 
lead continues, the button becomes more and more spherical. At this stage 
the temperature of the muffle should be raised or the cupel pushed into a hotter 
part of the muffle. When the last of the lead has gone, the button appears to 
revolve axially in the cupel and it also seems to be covered with an iridescent 
film. The colours then disappear; the bead becomes dull and acquires a 
silvery tinge. If the temperature of the muffle be below the melting-point of 
the button (962° for silver) or if the cupel be withdrawn from the muffle, the 
bead suddenly becomes very bright — “flashing.” Close the doors of the muffle 
for one or two minutes so as to remove the last traces of lead. 

The cupel containing the bead is covered by placing another hot, empty 
cupel over it and both are then removed from the muffle. The object is to 
ensure slow cooling in order to prevent “sprouting” caused by the evolution of 
occluded oxygen by the silver bead. If the bead should sprout, start again. 
When cold, the bead is removed with a pair of forceps. If the bead be 

^ If portions of lead or pasty-looking masses adhere to the sides of the crucible, the fusion 
is defeotive, and another fusion must be made. 

* The success of the work is largely dependent on the quality of the cupel. If many 
cupels are required, they can be made with good bone ash in “cupel moulds”; if but few 
determinations are to be made, old and dry cupels of good quality can be purchased from 
the dealers. A good cupel will absorb its own weight of lead oxide. The cupel should be 
nearly twice as heavy as the lead button. 

• That is varying from “red” to “bright red,” Not “dull red,” nor “white.” 


22 
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excessively small, merely touching it with a wet pin and lifting it on a watch- 
glass will suffice. Dry the bead by warming and weigh. ^ The bead should be 
examined with a lens before weighing to make sure that no particles of bone 
ash adhere to it. If the bead is so contaminated, hold it in the ‘‘ bead forceps,’* 
and brush it clean with a hard brush — “button brush.** 

The bead contains both gold and silver. If the bead is white, it contains 
more than half its weight of silver; if yellow or reddish-yellow, it has about 
three-quarters of its weight of gold. Intermediate tints represent different 
proportions of gold and silver. For the determination of the amount of gold 
in the bead, see page 470. In the case of red and white leads, if the silver be 
determined at all, it will usually suffice to report the weight of the bead as 
“silver.** 

§ 160. The Analysis of Galena. 

Native galena — PbS — may be accompanied by products of the decomposi- 
tion of lead sulphide — anglcsite and cerussite — quartz, silicates, blende, calcite, 
fluorspar, heavy spar and pyrites. Certain varieties also contain arsenic and 
antimony; and argentiferous galena may contain up to 1*0 per cent, of silver. 

Decomposition of the Galena. — Moisten, say, half a gram of the finely 
powdered sample in a 250 c.c. basin with dilute nitric acid; and, after the cold 
mixture has stood for a few minutes, digest on the water bath with 15 c.c. of 
concentrated nitric acid. The basin is covered by a clock-glass during the 
reaction to prevent loss by spurting. When the violence of the action is over, 
evaporate the mixture to dryness on the water bath.^ Add 10 c.c. more of 
concentrated nitric acid, some water and 10™15 drops of bromine. Heat the 
mixture with frequent stirring on the water bath, so as to complete the oxida- 
tion of the sulphide. To decompose the bromates, add more nitric acid and 
evaporate to dryness. Repeat this operation in all three times. Boil the dry 
residue with 60 c.c. of water and 20 c.c. of concentrated hydrochloric acid so as 
to dissolve the lead sulphate. Filter off ^ the residual gangue; wash well with 
boiling water. If de.sired, the residue may be ignited, weighed and reported as 
“insoluble gangue.” This may contain the quartz, insoluble silicates, some 
silver chloride and the greater part of the barium sulphate.^ 

Transformation of the Decomposition Products into Sulphates. — Add 10 c.c. of 
dilute sulphuric acid (1 : 1) to the filtrate (or an aliquot portion of the filtrate) 
from the insoluble gangue, and evaporate the mixture until copious white fumes 
of sulphuric acid appear. The evaporation should be carried nearly to 


* If the bead of silver be too small to weigh, its diameter can be measured with the micro- 
scope. Suppose the bead has a diameter 0*18 mm. The measurement is supposed to be the 
average of measurements in two or three different directions. The volume of the bead is 
0*5236 X (0-18)* cub. mm. If the specific gravity of the silver be 10*6, the bead of silver will 
weigh 10*5 X 0-5236 X (0*18)® =0*032 mgrm. or 0*000032 grm. V. Goldschmidt, Zeit. anal. 
Chem.y 17, 142, 1878; 16, 434, 1877; C. F. Fohr, ib., 22, 195, 1883; Chem. News, 50, 114, 
1884; G. Tate, ib., 61, 43, 64, 1890; G. A. Gozdorf, ib., 54, 231, 1886; D. Forbes, ib., 15, 231, 
1867; G. A. Goyder, ib., 70, 194, 203, 1894; J. W. Kichards, Journ. Amer. Chem. Soc., 23, 
203, 1901: J. S. Curtis, Berg. Hiitt. Ztg., 47, 3, 1888; M. Guerreau, Bull. 80 c. chim., (3), 27, 
1902; Chem. News, 86, 194, 1902; J. I. Blair, Min. Set. Press, 109, 626, 1914. 

* A little hydrochloric acid generally aids the dissolution of the galena by dissolving the 
film of lead nitrate, which is almost insoluble in the strong acid and thus protects the g^ena 
from further attack. 

» If lead only is to be determined by a volumetric process, this filtration may be omitted. 

® The difference in weight after treatment with hydrofluoric acid will give the silica. 
Fusion with sodium carbonate and extraction with water will give an insoluble residue of the 
carbonates. These can be dissolved in nitric acid, the silver precipitated with hydrochloric 
acid and the barium with sulphuric acid (pages 6S2 and 7^). The total silver may be 
determined by cupeliation* 
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dryness (3 c.c.) in order to ensure complete conversion of the lead salts into 
sulphates, to prevent too large an excess of acid and to drive off the nitric and 
hydrochloric acids. Let the mixture cool. 

Se'paration of the Lead Sulphate, — Gradually add 100 c.c, of cold water and 
boil the mixture so as to dissolve the ferric and other soluble sulphates. The 
lead sulphate remains behind. If the lead sulphate is to be determined gravi- 
metrically, filter the solution through a Gooch or Monroe crucible and 
complete the determination as indicated on page 326. If the lead is to be 
determined volumetrically, decant the clear liquid through a filter-paper, and 
wash by decantation with dilute sulphuric acid— about 1-0N-H2SO4. Keep 
as much solid in the beaker as possible. Wash the paper with alcohol to 
remove sulphuric acid. Dissolve the precipitate on the paper by pouring a hot 
concentrated solution of ammonium acetate, slightly acidulated with acetic 
acid, through the filter-paper into the beaker containing the remainder of the 
lead sulphate. The amount of lead in the ammonium acetate solution can then 
be determined by the molybdate volumetric process (page 343). Low results 
by this process can often be traced to imperfect solution of the lead sulphate 
on the filter-paper. 

Determination of Other Constituents, — Copper, antimony and arsenic can be 
precipitated as sulphides from the filtrate, and the copper separated from the 
antimony and arsenic, as indicated on page 276. The copper can be determined 
as indicated on page 367 ; the antimony and arsenic determined as indicated 
on page 308. The filtrate is boiled to drive off the hydrogen sulphide, oxidised 
with a few drops of hydrogen peroxide, and heated to boiling with an excess of 
ammonium chloride and a slight excess of ammonia. The precipitate is 
treated as indicated on page 164. Zinc, if present, will be found in the filtrate 
and determined as indicated on page 387. The sulphur can be determined by 
oxidising the powdered sample with nitric acid and bromine, and finally 
weighed as barium sulphate (page 703). 

Other Methods of Opening*' Galena, — Other methods of decomposition are 
sometimes useful alternatives. Galena, for example, can be reduced to metallic 
lead ^ by fusing in a crucible a mixture of, say, 10 grms. with 75 grms. of 
potassium cyanide, beneath a layer of 12 grms. of powdered anhydrous borax. 
Cover the crucible with a lid and heat the mixture to redness until the reduction 
is complete (page 268). The metallic button is washed free from cyanide, dis- 
solved in dilute nitric acid (1 : 5), and treated for lead by the sulphuric acid 
process (page 326). 

The sodium peroxide fusion (page 264) is often most convenient for the 
determination of sulphur; and the process indicated in footnote 1, page 336, 
enables a determination of the lead to be made very quickly.^ 

1893 ^ Warwick, Chem, News, 63 , 30, 145, 1891; F. Jean, Bull, 80c, chim,, (3), 9 , 253, 

* R. Benedict {Chem, Ztg,, x 6 , 43, 1896) decomposes galena by digestion with hydriodic 
acid (sp. gr, 1-7). Subsequent digestion with nitric acid transforms the lead iodide into 
nitrate, and the lead is then precipitated as sulphate. According to F. H. Storer (Chem, 
News, 2X, 137, 1870; A. Mascazzini, ZeU, anal, Chem,, xo, 491, 1871; F. Mohr, ib„ 12 , 142, 
1873; F. Stolba, Joum, prakt, Chem,, ( 1 ), loi, 150, 1867), galena is reduced rapi^y and com- 
pletely by dilute hydrochloric acid (1:4) in contact with metallic zinc. Besides galena, 
metallic lead may be precipitated quickly and completely from the sulphate, nitrate, chromate, 
oxide, carbonate and chloride. The clear liquid decanted from the residue shows no trace of 
lead with hydrogen sulphide. C. Boucher (Bull, 80c, tUm„ (3), 30 , 933 , 1903; Chem, News, 
89 , 56, 1904) attacks pyrites and galena by heating the powdered mineral intimately mixed 
with 4 to 5 times its weight of a mixture of 3 parts of sodium persulphate with 1 of ammonium 
tutrate in a dish or fiask on a sand bath. For other m^hods of analysing galena, see J. A. 

SuU, Soc, oAim*, (8), 3*1 1808, 1904; Chem, News, 9 ^^ 15, 1905; F. Jannasoh and 
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§ i6i. The “ Government Test ” for the Solubility of Lead Frits. 

The directions given in the Home Office Circular ^ for this test are as 
follows : — 

“No glaze into the composition of which the fritted lead enters shall be regarded 
as satisfying the requirement as to insolubility which yields to a dilute solution of 
hydrochloric acid more than 2 per cent, of its dry weight of a soluble lead compound 
cak^ulated as lead monoxide, when determined in the following manner: — A weighed 
quantity of dried material is to be continuously shaken for one hour, at the common 
room temperature, with 1000 times its weight of an aqueous solution of hydrochloric 
acid containing 0*25 per cent, of HCl. This solution is thereafter to be allowed to 
stand for one hour and to be passed through a filter. The lead salt contained in an 
aliquot portion of the filtrate is then to be precipitated as lead sulphide and weighed 
as lead sulphate.” 

The directions here are incomplete. It is difficult, indeed impossible, to 
filter some glazes satisfactorily through filter-paper, and if some silica passes 



Fig. 91. — Shaking Apparatus. 

into solution, it may, later on, be precipitated with the lead sulphide. Hence, 
dry the glaze at Transfer, say, 0*5 grm. of the powder into a 5(X) c.c. 

Stohmann’s shaking bottle closed with a rubber stopper, and fill the bottle up 
to the mark on the neck ® with 0*25 per cent, hydrochloric acid. Shake the 
mixture for an hour in, say, Wagner’s shaker, fig. 91. Let the bottle stand for 

H. Kammcrer, ib., 72, 78, 1895; Ber., 28, 1409, 1895; J. K. Meade, Journ. Amer, Chem, 80 c,, 
19, 374, 1897; Chem. Eng,, II, 49, 1910; Chem, News, loi, 137, 1910; W. Stahl, Berg, Butt, 
Ztg„ 48, 237, 1889. 

^ K. E. Higby, Home Office Circular, Dec. 14, 1889; Aug. 2, 1900; Report of the Depart- 
mental Committee appointed to inquire into the Dangers attendant on the use of Lead in the manu- 
facture of Earthenware and China, London, 24, 1910. 

‘ If a slop glaze be supplied, it must be thoroughly agitated and a portion evaporated to 
dryness, and the dry powder thoroughly mixed. Special attention is here needed because 
the glaze is not usually homogeneous after it has been dried in a basin on the water bath. 

* 500 grms., or 499*8 c.c. of 0*26 per cent, add at 16®. The method in the text is sufloiently 
exact. 68*5 c.c. of 1*0N-HC1 or 6*83 c.c. of the concentrated acid (sp. gr. 1*16) diluted to a 
litre will give a 0*25 per cent, solution. 
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one hour. Filter off a convenient quantity, say 425 c.c., of the clear solution, 
rejecting the first 10 c.c. which pass through the paper. Evaporate to dryness 
on a water bath. Take up the residue with dilute hydrochloric acid, so that 
the solution is but slightly acid (page 275). Filter and wash the silica. Add 
1 c.c. of a saturated solution of mercuric chloride (page 328). The mercury 
may be ignored, because it is volatilised later on. Precipitate the lead as 
sulphide by means of hydrogen sulphide. Let the gas bubble slowly through 
the cold solution for about half an hour. Let the precipitate settle about an 
hour. Filter and wash with cold “HgS water.” The precipitate is supposed 
to be lead sulphide and mercuric sulphide.^ Incinerate the precipitate in a 
porcelain crucible at a low temperature ^ in order to burn off the filter-paper. 
Brush the residue into a 250 c.c. beaker. Wash the crucible with dilute nitric 
acid and j^roceed as indicated for lead sulphate (page 326). 

The weight of the lead sulphate, multiplied by 0*7360, gives the correspond- 
ing amount of lead monoxide — PbO — in the 425 c.c. of solution. Hence, by 
proportion, calculate the amount in the 500 c.c., that is, in 0*5 grm. of the glaze. 
The result multiplied by 200 gives the so-called “percentage solubility of the 
lead frit,” or “per cent, of soluble lead” in terms of lead monoxide. The 
differences obtained in duplicate determinations® with quantities of “soluble 
lead” up to 10 per cent, run to about ±0*1 per cent.; for larger quantities — 
20 to 40 per cent, “soluble lead” — differences in the duplicates run about 
J:0*2 per cent. 

§ 162. The Gravimetric Determination of Lead as Molybdate. 

Lead can also be advantageously determined as molybdate and as chromate. 
The advantage of the molybdate precipitation is that the precipitate may be 
ignited along with the pa})er, and no particular harm results from a prolonged 
ignition at a higher temperature than is required to destroy the paper. The 
errors in manipulation are also reduced more in calculating the weight of the 
molybdate to PbO than with the corresponding sulphate or chromate. The 
reaction has been studied in particular by Chatard ^ and Brearley, and Chatard’s 
description of the disturbing effect of an excess of the precipitating agent has led 
to the process being viewed with a suspicion which the method may not deserve. 

Suppose that the lead salt be in solution, add a slight excess of ammonia and 
then acidify the solution with acetic acid. Add about 5 grms. of ammonium 
chloride ® and heat the solution to boiling. An excess of an aqueous solution of 
ammonium molybdate ® is then gradually added with constant stirring. Boil 

^ Many glazes contain a little zinc oxide, and some zinc sulphide may be precipitated 
from the dilute acid with the lead sulphide. Note, other members of the hydrogen sulphide 
group may be present, and unless a separation is made, the ‘‘PbO solubility” w^ill be too liigh. 

® If much lead be present, the filter-paper should be ignited alone (page 326). Instead 
of following the method described in the text, the lead sulphide and filter-paper can be 
incinerated until the paper is charred to carbon; when nearly cold, carefully add a little 
fuming nitric acid, a drop at a time, from a pipette, and then a few drops of concentrated 
sulphuric acid. The carbon will be oxidised, and the lead sulphide transformed into sulphate. 
Carefully evaporate to dryness, ignite and weigh. This method requires a little practice, but 
it saves a great deal of time and is more exact than the roundabout method described in the 
text, once the manipidation is mastered. 

* It is always advisable to run the “Government Test” in duplicate. 

* T. M. Chatard, Chem. News, 24, 176, 1871; Amer, J, Science, (3), i, 416, 1871; J. F. 
Sacher, Chem, Ztg,, 33 , 1257, 1909; H. B. Weiser, Joum. Phys, Chem., 20 , 640, 1916; J. E. 
Ciennell, Mining Mag,, 41 , 142, 1929; see page 450. 

* The precipitate is difiicult to filter in the absence of this or some other coagulating salt, 

^ Amhokium Molybdate Solution. — Dissolve 34*34 grms. of ammonium heptamolybdate 

in water; make the solution faintly acid with acetic acid; and make the solution up to 
a litre (|£). 
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the solution two minutes. Let the cream-coloured precipitate gradually 
settle until cold. Filter through a weighed Gooch crucible. Wash with hot 
water containing about 2 per cent, of ammonium acetate in solution. Ignite 
and weigh as lead molybdate — PbMo04. Multiply the weight of the lead 
molybdate so obtained by 0*6079 to get the corresponding weight of lead 
monoxide — PbO. 

The result is not more than 1 per cent, out with the elements which form 
water-insoluble molybdates — nickel, zinc, cobalt, manganese, aluminium — and 
the effects of these elements, together with calcium,^ strontium and barium, if 
present, can be eliminated by reprecipitation. Arsenates and phosphates 
should not be present. The slight excess of free molybdic acid which may 
contaminate the first precipitate is eliminated by reprecipitation. 

For reprecipitation, dissolve the precipitate of lead molybdate in hydro- 
chloric acid; heat the solution to boiling; add a sufficient excess of ammonium 
acetate to neutralise the free hydrochloric acid and proceed as described above. 

The lead may be first precipitated as sulphate. Dissolve the sulphate in a 
concentrated solution of ammonium acetate and add an excess of ammonium 
molybdate, as indicated above. Excellent results can be obtained by this 
method. 


§ 163. Conversion Factors. 

In gravimetric analyses it is comparatively rare to find that the constituent 
to be determined can be weighed directly, as were silica, alumina, ferric oxide 
and lime. In most cases the constituent to be determined is separated as an 
“insoluble ’’ salt, e.g,, barium sulphate, lead sulphate, silver chloride, magnesium 
pyrophosphate, and the corresponding amount of baryta, lead oxide, silver or 
magnesia determined by multiplying the observed weight by a factor, the 
so-called conversion factor. The errors of experiment are obviously multiplied 
at the same time. Any error in the preparation and weighing of the precipitate 
of, say, lead sulphate — PbS04 — determination of the lead oxide will be 
distributed between the lead oxide and the sulphuric anhydride. In lead 
sulphate PbO: 803 = 3 : 1, very nearly; or, more exactly stated, the conversion 
factor for transforming the lead sulphate to lead oxide is 0*7360. Hence a 
total error of ±0*8 per cent, in the determination of the lead sulphate corre- 
sponds with an error of ±0*6 in the determination of the lead oxide. If the lead 
be determined as lead molybdate — PbMo04 — we have very nearly PbO : M0O3 
= 3:2; or, Inore exactly, the conversion factor for transforming the weight of 
the lead molybdate to lead oxide is 0*6079. Hence an error of 0*8 per cent, in 
the determination of the lead molybdate means that there will be an error of 0*5 
in the determination of the lead oxide. Consequently, other things being equal, 
the smaller the factor the less the influence of errors in the determination upon the 
final result. Hence, given two rival analytical processes which are liable to 
errors of experiment of the same magnitude and which involve the same amount 
of manipulation, that process will be chosen which has the smaller conversion 
factor. For this reason, among others, silver is better precipitated as bromide 
than as chloride. The conversion factor in the former case is 0*5744, and in the 
latter 0*7525. As a matter of fact, in spite of the theoretical advantages of the 
bromide process, the chloride process is preferred by many because the sources 
of error and corrections have been well explored for the chloride process but not 
for the bromide process. 


1 Calcium molybdate is very prone to precipitation with the lead molybdate. 
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§ 164. The Volumetric Determination of Lead- 
Molybdate Process. 

Schindler, in ] 888, proposed to determine lead as lead molybdate by means 
of a standard solution of ammonium molybdate. The titration is made in a 
hot ammonium acetate solution of lead sulphate slightly acidified with acetic 
acid.^ The reaction is symbolised : 

Pb(C2H302)2 + (NH4)2Mo04->PbMo04 + 2 NH 4 C 2 H 3 O 2 

According to Kroupa, the presence of arsenic, antimony, bismuth, phosphorus 
and zinc does not interfere with the process. Barium and strontium salts lead 
to low results. These substances appear to act by retarding the dissolution of 
the lead sulphate. The difficulty is overcome by repeatedly boiling the sulphate 
with hot ammonium acetate to ensure complete solution.^ Bannister and 
McNamara found that the results are high if calcium salts be present. E.g.^ 
with test solutions containing the equivalent of 0*2005 grm. of lead and 0 to 
0*2415 grm. of calcium sulphate, the results ranged from 100 to 109 per cent, of 
lead in place of 100. 

1 gram of the lead compound — say, white lead — is dissolved in acetic or 
5 per cent, nitric acid; for the dissolution of red lead, see page 331. Any 
insoluble sulphates are filtered off and the residue well washed. 10 per cent, 
sulphuric acid is added to the filtrate, drop by drop, until there is no further 
precipitation of lead sulphate. The precipitated sulphates are filtered off and 
well washed with approximately l*0N-sulphuric acid in order to remove any 
calcium sulphate, otherwise the results will be high. Puncture the apex of the 
filter-paper and dissolve the precipitate off the paper in the minimum ® quantity 
of a hot concentrated solution of ammonium acetate.* Make the solution up 
to 250 c.c. in a graduated flask and shake well. Acidify 50 c.c. of the solution 
with 2-3 c.c. of acetic acid, and heat to boiling. Titrate the hot solution with 
standard ammonium molybdate ^ from a burette until a drop gives a slight but 

^ C. SchintUer, Zeit. anul. Chem., 27 , 137, 1888; H. Weber, 42 , 628, 7903; IT C. BuTl, 
ih., 41 , 653, 1902; School Min, Quart., 23 , 348, ](K)3; Chew. News, 87 , 40, 52, 66 , 1903; 
H. H. Alexander, Eng. Min. Journ., 55 , 298, 1893; Chem. Centr., ii, 293, 1893; J. A. Muller, 
Bull. 80 c. chim., (3), 31 , 1303, 11H)4; R. Kroupa, Berg. Hiitt. Ztg., 53 , 411, 1894; J. F. Sacher, 
Chem. Ztg., 33 , 1257, 1^0; C. 0. Bannister and W. McNamara, Analyst, 37 , 242, 1912; L. M. 
lolson and E. M. Tall, Zeit. anal. Chem., 108 , 96, 1937. See Chem. Eng., 16 , 36, 1912; R. C. 
Wiley, P. M. Ambrose and A. D. Bowers, Ind. Eng. Chem. Ami. Ed., 2 , 415, 1930; H. E. 
French, Canadian Mining Journ., 53 , 504, 1932. For the precipitation of lead as chromate, 
followed by treatment with potassium iodide and sulphuric acid and subsequent titration of 
the liberated iodine with thiosulphate, see A. Longi and L. Bona via. Gazz. Chim. Ital., 26 , i, 
327, 1896; Zeit. anorg. Chem., 17 , 158, 1898; J. Waddell, Analyst, 41 , 270, 1916; C. W. 
Simmons, J. R. Gordon and H. C. Boehmer, Canad-. Chem. Journ., 4 , 139, 1920; I. M. Kolthoff, 
Pharm. Weekblad; 57 , 934, 1920; W. W. Scott, Ind. Eng. Chem., 17 , 678, 1925; H. Eisenlohr, 
Spre^h., 43 , 389, 1910; G. Cervi, Chem. Zentr., ii, 1343, 1904; B. Oddo and A. Beretta, Gazz. 
Chim. Ital., 39 , i, 671, 1909. 

* Compare J. Majdel, Zeit, anaK Chem., 83 , 36, 1931; W. W. Schott and S. M. Alldredge, 
ind. Eng, Chem. Anal. Ed,, 3 , 32, 1931. 

® High results will be obtained if excess ammonium acetate be used — V. Lindt, Zeit. anal. 
Chem,, 57 , 71, 1918. 

*■ Ammonium Acetate Solution. — Add 50 per cent, acetic acid to ammonia solution 
(sp. gr. 0*91) until the mixture is just acid to litmus — Lindt, loc. cit. 

* STANDAnn Ammonium Molybdate Solution.— Dissolve 7-913 grms. of ammonium 
molybdate (see footnote 1 , page 673) in water and dilute the solution to a litre. If the 
solution be turbid, add some ammonia before the dilution is completed — 1 c.c. wiU be nearly 
equivalent to 0*01 grm. PbO. To standardise the solution, dissolve, say, five known amounts 
of freshly precipitated lead sulphate in hot ammonium acetate; ^d 2-3 c.c. of acetic acid 
and titrate as indicated in the text. See also J. E. Clennell, Mining Mag,, 57 , 28, 1937. 
Schindler also uses the converse reaction, titration with standard lead acetate, for the 
volumetric determination of molybdenum. 
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distinct yellow coloration when added to a drop of freshly prepared ^ aqueous 
solution of tannin on a glazed tile — spot test. If the solution cools appreciably 
during the titration, it should be heated again to finish the titration. 

If tungsten be present in the form of tungstic acid — WO3 — ^the latter may 
react with the lead acetate, produced by double decomposition between the 
lead sulphate and ammonium acetate, to give lead tungstate — • 

Pb(C2H302)2 + (NHJa WO4 - Pb WO4 + 2NH4C2H3O2 

If enough tungsten be present to combine with all the lead, a negative result 
will be obtained. Hence tungsten must be removed before the lead is 
determined.^ 

Titrating with ''Spottiest” Indicators . — It is easy to over-titrate the solution 
when using “spot-test’" indicators and three methods of titrating to rectify or 
avoid over- titration may be indicated: (1) Some prefer to use a standard 
solution of lead nitrate ^ for checking the first titration. Suppose the titration 
is finished, add 10 c.c. of a standard lead nitrate solution and continue the 
titration. 0*1 grm. of lead oxide must be subtracted from the result of the 
titration. 

(2) For the titration place half the solution to be titrated in a separate 
beaker and titrate the other half by adding a cubic centimetre of the ammonium 
molybdate solution at a time, in order to get a rough idea of the amount needed. 
Suppose the one portion requires between 15 and 16 c.c. for the titration (no 
coloration with 15 c.c.; yellowish-brown coloration with 16 c.c.). Add the 
untitrated portion to the portion just titrated; 14 c.c. can now be safely run 
from the burette and the titration finished by small additions from the 
burette. 

(3) In titrating with a spot test, particularly with slow reactions, the testing 
should be done systematically. Suppose the first stop be made at 29 c.c., the 
second at 29-2 c.c., the third at 29-4 c.c., and so on. If the brown coloration 
develops on the sixth stop, it would mean that 29 + (w - 1 )0-2 - 30-0 c.c. has been 
added (w = 6). But the coloration may subsequently develop on the fourth 
stop after it has been passed. It is then easy to determine the burette reading 
for the fourth stop — namely, 29 + (w - 1)0*2 = 29*6 c.c., where n = 4. 

Lead carbonate may also be precipitated by the addition of ammonium 
carbonate, the precipitate dissolved in acetic acid, and the solution titrated 


^ Tannin Solution. — About 0-5 grm. of tannin dissolved in 100 c.c. of water. Ammonium 
molybdate gives with tannin a coloration vaiying from blood-red to a pale yellow, according 
to the concentration of the solutions. The colour is visible with a dilution 1 : 400,000 
(Schindler). Lead molybdate gives no coloration. Concentrated solutions of lead acetate 
give a faint greenish-yellow colour, which cannot be confused with the coloration due to 
ammonium molybdate. J. L. Danziger uses a solution formed by saturating acetic acid 
with crystalline stannic chloride and saturating the solution with ammonium thiocyanate. 
When this is used instead of tannin as indicator, the end of the reaction is indicated by a 
pink coloration — spot test. J. F, Sacher {Koll. Zeit., 19 , 276, 1916) uses no indicator, but 
determines the end-point by the sudden disappearance of the turbidity of the solution when 
the reaction is just complete. The turbidity is due to colloidal lead molybdate. For the 
use of Alizarine red as an internal adsorption indicator, see T. Raikhinshtejn and N. Korobov, 
Journ. Gen. Chem. (U.S.S.H.), 2 , 661, 1932; ib., 3 , 631, 1933, E. J. Kocsis and L. Poliak 
(Acta Lit, Set, Univ, Hung. Fran, Joseph Sect. Chem, Min. Phys.^ 4 , 147, 1934) advocate the 
use of Congo red or Tropfieoline 00 as internal indicators; and C. Candea and I. G, Murgulescu 
(Ann. Chim. anal. Chim. appl., 18 , 33, 1936) 20 drops of a 0*6 per cent, solution of Eosin A. 

® H. Lavers, Min, Eng. Worlds 40 , 64, 1914. 

* Lead Nitrate Solution.-~ 14*84 grms. of lead nitrate per litre corresponds with 0*01 
grm. lead oxide per c.c. 
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with potassium ferrocyanide,^ as indicated under zinc. The results are 

good.* 

§ 165. The Electrolytic Process for the Determination of Lead. 

Metallic lead can readily deposited from alkaline electrolytes containing, 
e.g., phosphates, alkali plumbate, double oxalates, double cyanides.* But it 
is so difficult to dry the lead for weighing without oxidation, that it is considered 
better to take advantage of the fact that lead is deposited from acid solutions 
in the form of lead dioxide — Pb02 — on the anode, not the cathode.^ Hence the 
dish, with its inner surface matt, is fitted as described on j)age 2TA, fig. 80; but 
the direction of the current is reversed so that the dish is the anode, and the 
platinum disc the cathode. The details indicated on page 255 are to be followed 
with the modifications indicated in the following paragraphs. 

The Electrolyte. — Suppose that 1 grm. of lead nitrate be dissolved in 30 c.c. 
of distilled water. Add 25-35 c.c. of concentrated nitric acid. Dilute the 
solution to 150-160 c.c. 

The Electrolysis. — Electrolyse the solution with a current density of 0*5 to 
1*8 amps,,* and a voltage of 2*0 to 2*5 volts, at atmospheric temperature.® As 
soon as the electrical circuit is closed a yellow deposit ajipears on the anode 
(dish), which becomes orange, red and finally dark brown or black. The 
electrolysis occujiies between 2 and 3 hours.'^ If a deposit of metallic lead 

^ M. Yvon, Journ. Pharm. Chein., (5), 19 , 18, 1889; A. H. Low, Jonrn. Amer. Chem. 80 c., 
15 , 548, 1893; E. Muller, aagew. Chem.^ 32 , 351, 1919; W. D. Treadwell and D. Chervet, 
Helv. Chun. Acfftf 5 , 633, 1919; E. Muller and K. Gabler, Zeif. anal. Chem., 62 , 29, 1923; 
R. Burstein, Zeit. anorg. Chem., 164 , 219, 1927. 

2 For the determination of lead in nearly neutral solution by titration with standard 
potassium sulphate using tluoreseein as external indicator, see S. N. Boy, Journ. Indian Chem. 
80 c., 12 , 584, 1935. 

® G. Parodi and A. Mascazzini, Gazz. Chim. Jial., 7 , 222, 1877 ; A. Riche, A nn. Chim. Fhys., 

(5) , 13 , 508, 1878; 0. Luckow, Zeit, anal. Chem., xg, 1 , 1880; H. »S. Warwick, Zeit. anorg. 
Chem., I, 285, 1893; A. F* Linn, Journ. Amer. Chem. 80 c., 24 , 4.35, 1902; K. Elbs and F. W^ 
Rixon, Klektrochem. Zeit, 9 , 267, 1903. R. Gartenmeister {Chem.. Ztg., 37 , 1281, 1913) uses 
gallic acid for preA'enting the deposition of lead dioxide on the anode and the evolution of 
hydrogen on the cathode. 

* A. Riche, A?in. Chim. Phys., (5), 13 , 508, 1878; G. Luekow, Zeit. anal. Chem., 19 , 1 , 1880; 
L. Schucht, ib., 22 , 485, 1883; F. Tennev, Amer. Chem. Journ., 5 , 413, 1884; L. Medicus, 
Ber., 25 , 2490, 1892; A. Classen, ib., 21 , 359, 1888; 27 , 163, 1894; H. Biltz, ib., 58 B, 913, 
1925; A. Kreichgauer, ib., 27 , 315, 1894; Zeit. anorg. Chem., 9 , 89, 1895; Zur quanUtativen 
BeMimmung de^ Bleis, \Vui*zburg, 1894; F. Riidorff, Zeit. angew. Che.m., 5 , 3, 197, 1892; 
E. F. Smith and J. C. Saltar, Zeit. anorg. Chem.., 3 , 415, 1893; F. A. Gooch and F. B. Beyer, 
ib., 61 , 286, 1909; Amer. Journ. 8 ci., (4), 27 , 59, 1909; G. Meillere, Journ. Pharm. Chim., 

( 6 ) , x 6 , 465, 1902; H. Danneel and H. Nissenson, Inter. Cony, angew. Chem.., 4 , 677, 1903; 
A. Fischer and R. J. Boddaert, Elektroehem. Zeit, 10 , 945, 1904; H. ,J. S. Sand, Journ. Chem. 
80 C., 91 , 397, 1907; Tran^n. Faraday 80 c., 5 , 207, 1910; F. S. Kipping et at, Brit Assoc. 
Itep., 79, 1910; L. Bertiaiix, Ann. Chim. anal., 18 , 217, 1913; I. Compagno, Ann. Chim. 
appt, 3 , 164, 1915; J. Milbauer and I. Setlik, Journ. prakt Chem.., ( 2 ), 99 , ii, 85, 1919; A. V. 
Pamfilov and A. A. Blagonravona, Journ. Russ. Phys. Chern. Hoc., 60 , 699, 1928; \V. T. 
Schrenk and P. H. Delano, Ind. Eng. Chem. Anal. Ed., 3 , 27, 1931; B. Jones, Analyst, 58 , 
11, 1933; M. Bertiaux, Documentation Sci., 2 , 72, 1933, 

* For an overnight electrolysis (10-12 hours) use a current density of 0-5 amp. 

® If the operation be conducted at 50°-55®, the time required for the electrolysis is shortened 
to between 1 and 1 J hours, using a current density of 1-3 to 1*6 amps., and 2*2 to 2*6 volts. 
According to J. G. Fairchild (Journ. Ind. Eng. Chem., 3 , 902, 1911), the essential conditions 
for good deposits are: (1) hot solutions (50°-60"); and (2) an initial low amperage. 

’ To recognise the end of the electrolysis, withdraw a few drops of the solution from the 
dish; make the solution alkaline with ammonia; add a few drops of HgS water, or ammonium 
BulpUde, when a black or dark brown precipitate of lead sulphide shows that the electrolysis 
is not completed; other recognised qualitative tests for lead can be used. If the level of the 
electrolyte be raised a little by the addition of distilled water, the appearance of a yellow or 
orange film on the newly immersed surface of the anode also shows that the electrolysis is 
not ended. 
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should appear on the platinum disc (cathode) during the electrolysis, add a 
little more concentrated nitric acid or interrupt the current for about half a 
minute during the middle and towards the end of the electrolysis. 

When the electrolysis is complete, the deposit is washed with water, absolute 
alcohol and absolute ether in the usual way. If the electrolyte be syphoned off 
before the current is stopped (fig. 83, page 257), keep the deposit quite covered 
with liquid all the time the syphon is in action. In other words, pour distilled 
water into the dish as fast as acid is syphoned off. 

Drying and Weighing the Lead Dioxide, — The lead dioxide retains water with 
great tenacity,^ and the results will be too high if the regular factor — 0*8662 — 
for converting the lead dioxide into the equivalent amount of metallic lead be 
employed. Classen recommended drying the lead dioxide at 180-190°, and 
Hollard at 2(X)°. Smith has shown that deposits of lead dioxide approximately 
0*5 grm. in weight do not really have a constant composition until they have 
been dried at 230°. For instance, with a deposit containing the equivalent of 
0*4992 grm. of lead: — 

Time heated . 30 30 30 30 30 min. 

Temperature . 200° 200° 230° 240° 270° 

PbOg . . 0*5788 0*5790 0*5780 0*5780 0*5780 grm. 

Similarly, with the equivalent of approximately 0*25 grm. of lead, the lead 
dioxide attains a constant weight at 200°. In the former case, the factor of 
conversion corresponds with the empirical value 0*8637 ; and in the latter case, 
0*8643. With smaller quantities of the dioxide, say, 0*05 to 0*1 grm., a special 
factor is not needed. Fischer recommends the following empirical factors: — 

Amount of Pb Below 0*1 0*1 0*1 to 0*3 0*5 1*0 grm. 

Factor . 0*8660 0*8658 0*8652 0*8629 0*8610 

Instead of following this procedure, May ^ recommends gentle ignition of the 
dioxide at a low temperature to convert the dioxide into lead monoxide — PbO — 
before weighing. The results are then excellent. Thus, Treadwell gives for 
four experiments: 

Mean. 

PbOg found. . 0*2202 0*2200 0*2203 0*2202 0*2202 grm. 

PbO found . . 0*2042 0*2046 0*2043 0*2044 0*2044 grm. 

In another series of trials the following average results were obtained: 

Lead used in each trial ...... 0*1898 grm. 

Lead found by weighing as PbOg .... 0*1907 grm. 

Lead found by converting Pb02->PbO . 0*1898 grm. 

Removing the Deposited Lexid Peroxide from the Electrode. — Digest the dioxide 
with nitric acid to which a little hydrogen peroxide has been added (say, 1 c.c,). 
The lead dissolves easily and quickly. Smith recommends removing the 
deposit by the action of dilute nitric acid along with a rod of copper or zinc. 


^ It is very doubtful if the excessive weight of the lead dioxide is due to the formation 
of a higher oxide. A. Hollard, Bull, Soc. chim,, (3), 29, 151, 1903; (3), 31, 239, 1904; Compt, 
rend., 136, 229, 1904; Ohem. News^ 79, 122, 1899; R. O. Smith, Joum. Amer. Chem. Soc., 
27, 1287, 1906; R. C. Benner, Joum. Ind. Eng. Ohem., 2, 348, 1910; J. G. Fairchild, ib., 3, 
902, 1911; F. Utz, Chem. Zentr., u, 1788, 1912. 

® W. C. May, Amer. J. Science, (3), 6, 256, 1873; F. P. Treadwell, Kurzes Lekrlmch der 
analytiechen Chemie, Leipzig, 2 , 148, 1911; H. J. B. Sand, Chem. Nem, xoo, 259, 1909; 
A. V. Pamfilov and A. A. Blagonravopa, Joum* Buee. Phys. Chem. Soc., 60, 699, 1928. 
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Henz ^ recommends a solution of sodium or potassium nitrite acidified with 
nitric acid. 

Preparation of Lead Sulphate for Electrolysis. — Lead is commonly separated 
as sulphate in gravimetric work. According to Classen, lead sulphate is 
brought into a condition for electrolysis by warming the precipitated lead 
sulphate with an excess of ammonia, whereby lead hydroxide is formed. Pour 
the mixture with constant stirring into a platinum dish containing about 20 c.c. 
of warm concentrated nitric acid. If any lead sulphate appears as a precipitate, 
it will soon dissolve in the solution. The solution is then ready for electrolysis. 

Lead sulphate is also brought into a condition for electrolysis by dissolving it 
in ammonium acetate, adding 20 c.c. of concentrated nitric acid and electrolys- 
ing the solution at 60° with a current density of 1-5 to 1*7 amps.^ 

Marie ^ places the lead sulphate in the dish to be used for the electrolysis; 
the dish is heated on the water bath along with some dilute nitric acid. 
Gradually add crystals of ammonium nitrate until all is dissolved. Every 0*3 
grm. of lead sulphate requires 5 grms. of ammonium nitrate. Dilute the 
solution with warm water so that the liquid contains about 10 per cent, of free 
acid and electrolyse the solution at 60°"70°. For lead silicate, decompose the 
fine powder with sulphuric and hydrofluoric acids. Too great an excess of 
sulphuric acid prevents the solution of lead sulphate by the ammonium nitrate.^ 

Effect of Foreign Electrolytes, — The process indicated above will separate 
lead from the alkalies, alkaline earths, chromium, beryllium, zirconium, iron, 
uranium, zinc, nickel, cobalt and cadmium. Chlorides should be absent from 
the electrolyte.® The determination of lead by this process in the presence of 
appreciable amounts of arsenic will be unreliable.® The results will be low. 
Classen says that ‘‘when enough (0‘5 grm.) is present, no lead will be deposited 
as dioxide on the anode, but metallic lead mixed with arsenic will be deposited 
on the cathode. If the electrolysis be continued for some time, the arsenic will 
be gradually driven from the cathode as arsenic hydride, and the precipitated 
lead will pass into solution. Finally, if the electrolysis be sufficiently pro- 
longed, all the lead will be deposited as dioxide on the anode.” The action of 
selenium is similar. . According to Vortmann ’ the results are high in the 
presence of sulphuric, selenic and chromic acids. Hence he recommends 
reprecipitation by electrolysis. In the presence of arsenic and phosphorus the 
results will be low. In that case Vortmann recommends depositing the metal 
as lead on the cathode, dissolving the metal in nitric acid and reprecipitating 
the lead as dioxide. 

§ i66. The Rapid Deposition of Lead Dioxide by a Rotating 
Electrode — Exner’s Process. 

The enormous gain in the speed of deposition which attends the use of a 
rotating electrode removes one of the most serious objections to electro-analysis. 

^ F. Henz, Zeit. anorg. Chem., 37 , 2, 1903. 

® H. JSiBsenson and B. Neumann, Chem. Ztg., 19 , 1142, 1895. 

* C. Marie, Compt. reiid., 130 , 1032, 1900; Chem. News, 82 , 51,. 1900. 

* For lead chromate, Marie proceeds in a similar manner, but less ammonium nitrate is 
needed — 2 grms. of ammonium nitrate suffice for 0-5 grm. of lead chromate. 

^ When chlorides are present, evaporation with sulphuric acid and treatment of the sulphate 
as described in the text will furnish a solution ready for electrolysis. W. T. Schrenk and 
P. H. Delano (Ind. Eng. Chem. Anal Ed., 3 , 27, 1931) find that silver, bismuth, manganese, 
tin, arsenic, antimony, mercury, chromates and phosphates, in more than very small quantities, 
inhibit deposition or may be deposited with the lead dioxide or cause scaling. 

* B. Neumann, Chem. Ztg., 20 , 382, 1896. 

’ G. Vortmann, Liebig's Ann., 351 , 283, 1907. For the effect of gums and colloids 
generally, see H. Frotindlich and J. Fischer, Elektrochem. Zeit,, 18 , 885, 1912. 
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In the case of copper, for example, a rotating anode enables a satisfactory 
determination to be made in 5 minutes, using a current of 10 volts and 13 amps., 
nickel in 15 minutes, cobalt in half an hour and cadmium in 5 minutes. The 
following diagram (fig. 92), after Fischer, emphasises very forcibly the great 



Fm. 92. — Time of Deposition. Stationary and Rotating; Electrodes. 

gain in time obtained by the use of rotating electrodes. The ordinates show 
the amounts of copper precipitated by rotating and stationary electrodes after 
the elapse of different intervals of time (abscissoo). 

Knobukow ^ introduced rotating electrodes in electro-analysis in 1886, but 
the subject did not attract much attention until the American chemists — 
Gooch and Smith — took up the subject about 1903. These chemists and their 
co-workers extended Knobukow\s idea, and showed that a still further gain in 
time attends the use of currents of greater density and voltage. For further 
details see the works cited on page 253. 

The Apparatus , — The determination of lead as dioxide by the use of rotating 
electrodes may now be described, on the assumption that pages 250 to 259 have 
been digested. Fit up the apparatus illustrated in fig. 93 the lettering is 
similar to that in figs. 79 and 80, the difference being that the platinum dish 
is here used as the anode, not the cathode. The current accordingly passes 
through the electrolytic cell in the reverse direction to what was the case with 
copper. The disc electrode is replaced by a flat spiral of heavy platinum wire 
with the spirals fixed in position by twisted platinum binding wires. ^ The 
centre of the spiral is depressed to give it the form of a shallow bowl about 
5 cm. in diameter. The stem of the electrode is clamped to the axis of a wheel 
which can be rotated by a motor or turbine at between 450 and 600 revolutions 
per minute and yet be in electrical contact with the battery. 

The Electrolysis , — The solution, prepared as indicated in the preceding 
section for stationary electrodes, is placed in a platinum basin, matted on its 
inner surface. Add 20 c.c. of concentrated nitric acid and dilute the solution 
to make a total volume of 110-125 c.c. Heat the solution to about 70° and 


^ N. von Knobukow, Journ. prakt, Chem., (2), 33, 473, 1886; F. A. Gooch and H. E. 
Medway, Amer. J, Sciemtf (4), 15, 320, 1903; F. F. Exner, Journ. Atner. Chem. Hoc,, 25, 896, 
1903; R. 0. Smith, ih., 27, i287, 1905; E. F. Smith, Kle^tro- Analysis ^ Philadelphia, 40, 1918; 
F. M. Perkin, Ehhtrochem. Zeit., ro, 477, 1904. 

* See E. F. Smith, loc, cit,, 43. Numerous types of cells for rotating electrodes have been 
devised — some are described in the text-books indicated on page 253. That described in 
the text may be the simplest but not necessarily the best when many determinations have 
to be made. 
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start the electrode rotating at about 500 revolutions per minute.^ A current 
of electricity at 4-5 volts, and current density 10-11 amps., is passed through 
the solution. The lead will soon be deposited as a black adherent velvety film 
of dioxide on the dish. The maximum period required for 0*25 grm. of the 
metal was found by Smith to be 15 minutes, and for 0*5 grm., 25 minutes.^ 



93, — Electrolysis by Rotating Electrode. 

Smith found that the rate of precipitation from a solution containing the 
equivalent of 0*5787 grm. of lead dioxide was as follows: — 

Time ... 5 10 15 20 25 30 min. 

PbOg . . 0-4940 0-5708 0-5747 0-5770 0-5787 0-5789 grm. 

In about 25 minutes, when the decomposition is finished, stop the rotator 
and reduce the current by the introduction of resistance. Add water to cover 
the lead peroxide; syphon off the acid while keeping the dish full of water. 
Wash the deposit with alcohol and ether in the usual way.® 

To illustrate the results which might be expected: 

PbOg found . 0-0566 0*1137 0*2887 0*5781 0*5788 grm. 

Pb (by factor 0*8662) . 0*0490 0*0985 0*2501 0*5008 0*5015 grm. 

Pb (used) . 0-0491 0*0982 0*2496 0*4992 0*4996 grm. 

The calculation of the amount of lead corresponding with the deposited lead 
dioxide here presents the same difficulty as was encountered in dealing with 
stationary electrodes. The factor 0*8662 gives too high results. 


^ There is no need to heat the solution during the electrolysis, because the high current used 
k^ps the liquid hot. With higher speeds the electrolyte may sweep round the edge of the 
dish and be thrown against the cover glass. This will do no particular harm if the amount 
of liquid in the basin does not exceed 1 26 c.c. 

* P. P. Exner, Jonm. Anwr, Chem, 80 c., 25, 896, 1903; R. O. Smith, ib,, 27, 1287, 1906. 

* Por the simultaneous determination of copper and lead with rotating anodes, see A. J. 
White, Trans* Amer* Blet^rochem* 8 oe,, 24, 297, 1913; W. Qemmell, Joum, 80 c* Ghem, Ind., 
32, 581, 1913; H. Blitz, Ber., 58B, 913, 1925. 
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§ 167. The Colorimetric Determination of Lead. 

Pelouze ^ first proposed to determine small amounts of lead in a given 
solution from the intensity of the brown coloration ^ produced when the lead is 
converted into sulphide.® The method has been frequently used for deter- 
mining the small amounts of lead in water, citric acid and other substances,^ 
The method has also been recommended for the determination of the amount 
of lead in factory dusts and glazes.® The results are usually too low in presence 
of traces of free acid — acetic or hydrochloric acid — since some lead is not then 
converted into the sulphide. This will be obvious from our study of the action 
of hydrogen sulphide on lead salts in acid solutions (page 272). The results are 
very much better in alkaline solutions using sodium or ammonium sulphide as 
precipitant. 

^ T. J. Pelouze, Atm. Chim. Phy,^., (3), 79, 108, 1841. 

* It is possible to detect 1 part of lead per 16,000 parts of solution, according to F. Jackson 
{Journ. Anifr. Chem. JSoc., 25, 992, 1903); 1:26,9(X), according to T. G. Wormley {Cham. 
News, 16, 302, 1867; Micro-Chemistry of Poisons, New York, 1867); and 1 : 1,000, (XX), 
according to A. B. Prescott and E. C. Sullivan, and R. Warington {Journ. Soc. Chem. hid., 
12, 97, 1893); C. H. PfafiF, Handluch dcr analyiischen Chemie, Altona, i, 68, 150, 161, 1821; 

J. L. Lassaigne, Journ, Chim. Med., 8, 581, 1832; P. Harting, Journ. prakt. Chem., (1), 22, 

45, 1841; E. Eegriwe, Festschrift Riga Polyf, Inst., 103, 1912; Ze.it. anal, Chem., 53, 420, 
1914; R. Wildenstein, ib., 2, 9, 1863; J. S. C. VV’^ells, Analyst, 12, 173, 1887; B. N\»umann, 
Chem. Ztg., 20, 763, 1896. 

® A. Trillat {Cotnpf. rend., 136, 1205, 1903), A. D. Petrov {Journ. Russ. Phys. Chem. Roe,, 
60, 311, 1928), A. Seisner, A. Necke and H. Muller {Zeit, angew. Chem., 42, 96, 1929) showed 
that lead peroxide produces a blue coloration in contact with tetramethyldiaminodiphenyl- 
methane in a solution acidified with acetic acid. By converting the lead into ptToxide the 
amount of lead is determined from the intensity of the blue coloration ; the results are far from 
satisfactory. Similar attempts to convert the lead into peroxide and subsequently bringing 
the peroxide in contact with a solution of potassium iodide and determining the amount of lead 
from the intensity of the colour of the liberated iodine— in the presence and in the absence 
of starch — likewise failed to give constant results without an abnormal expenditure of time 
in isolating the lead peroxide. The chromate precipitation has also been recommended as a 
turbidimetric process (C. G. Egeling, Pharm.. Weekhlad, 44, 338, 1907) but is unreliable — 

K. Scheringa, ib., 47, 1212, 1910; P. A. Meerburg, Chem. Weekblad, 10, 752, 1913. 

* J. M. Wilkie, Journ. Soc, Chem. Ind., 28, 636, 1909; R. Warington, ib., 12 , 97, 1893; 
C. A. Hill, Chemist Druggist, 66, 388, 1905; H. W. Woudstra, Zeit. anorg. Chem., 58, 168, 
1908; F. L. Teed, Analyst, 17, 142, 1892; E. R, Budden and H. Hardy, ib., 19, 169, 1894; 
B. Kiihn, Arbeit. Kais. Gesund., 23, 389, 1906; A. G. V. Harcourt, Journ, Chem. Roc., 97, 
841, 1910; M. Lucas, Bull. Soc. chim., (3), 15, 39, 1896; A. Liebrich, Chem. Ztg., 22, 225, 
1898; G. Bischof, Zeit. atial. Chem., 18, 73, 1879; V. Antony and T. Benelli, Gazz. Chim. 
IkU., I, 218, 1871; 2, 194, 1872; P. Carles, Journ. Pharm. Chim., (6), 12, 517, 1900; 

L. Liebermann, Pharm. Centralhalle, 29, 10, 1889; M. M. P. Muir, Chem. News, 33, 11, 1876; 
R. Meldrum, ib., 117, 49, 1918; C. Reese and J. Drost, Zeit. angew. Chem., 27, 307, 1914; 

I. M. Siegfried and W. Pozzi, Biochem, Zeit., 61, 149, 1914; H. Pick, Chem. Zenir., ii, 1366, 
1914; Arbeit. Kais. Gesund., 48, 155, 1914; K. Beck, Lowe and P. Stegmuller, ib., 33, ii, 
203, 1910; Fauconnier, Ann. Chim. anal., 20 , 126, 1915; D. Avery, A. J. Hemingway, V. G. 
Anderson and T. A. Read, Proc. Austral. Inst. Min. Met., 173, 1921; J. C. Thresh, Analyst, 

46, 270, 1921; 49, 124, 1924; J. H. Hamence, ib., 57, 622, 1932; 58, 461, 1933; 59, 274, 
1934; A. G. JYancis, C. 0. Harvey and J. L. Buchan, ib., 54, 725, 1929; N. L. Allport and 
G. H. Skrimshire, ib., 57, 440, 1932; Pharm. Journ., 129, 248, 1932; C. Pyriki, Zeit. anal. 
Chem., 64, 325, 1924; A. L. Bernoulli, Helv. Chim. Acta, 9, 827, 1926; 0. Liebknecht and 

L. Gerb, An^ew. Chem., 45, 744, 1932; H, D. Thornton, Journ. Inst. Chem., 116, 1933; 

M. Randall and M. N. Sarquis, Ind. Eng. Chem. Anal. Ed., 7, 2, 1935; H. J. Wickmann and 
P. A. Vorkes, Journ. Assoc. Off. Agr. Chem., 17, 119, 1934; A. M&cheboeuf, H. Cheftel and 

J. Blass, Compi. rend., 195, 146, 1932; J. C. Thresh, J. F. Beale and E. V. Suckling, The 
Examination of Water and Water Supplies, London, 1933; P. G. Jackson, Jowm. Soc. Chem. 
Ind., 56, 211T, 1937. L. W. Winkler (Zeit. angew. Chem., 26, 38, 1913) recommends addition 
of ammonium chloride to get more reliable results. 

^ H. R. Rogers, Report Departmental Committee appointed to inquire into the Dangers 
incident on the Use of Lead, 2 , 118, 1910; A. G. V. Harcourt, ib., 2f 120, 1910; A. Oronover 
and E. Wohnlich, Zeit. Untersuch. Lebensm., 63, 623, 1932. Rogers's method oanhot be 
regarded seriously as a quantitative process. 
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Influence of Iron Salts . — Dark brown iron sulphide is precipitated in alkaline 
solutions and, since traces of iron are nearly always associated with lead, it is 
necessary to eliminate the disturbing effects produced by this agent. Waring- 
ton used the colorimetric process for determining small quantities of lead in 
citric and tartaric acids and, in order to avoid the effects produced by iron, he 
recommends making the solution “alkaline with ammonia, treating the solution 
with a few drops of potassium cyanide, and heating it to near the boiling 
point.’’ The iron is thus converted into a complex cyanide — probably ferro- 
cyanide — and it is not then affected by the subsequent addition of alkali 
sulphide. The method works quite satisfactorily provided the iron is all 
present in the ferrous condition and the liquid is strongly alkaline. Ferric 
salts are not converted by the treatment with potassium cyanide into colourless 
substances unaffected by alkali sulphides. It is therefore necessary to 
reduce ferric salts to the ferrous condition before applying the test. Wilkie 
recommends sodium thiosulphate in acid solution as a reducing agent. Its 
action is probably represented by the equation: — 

2 Na 2 S 203 + 2FeCl3 = 2FeCl2 + Na 2 S 40 e + 2NaCl 

On the other hand, in spite of the influence of free acid on the intensity of 
coloration, several authorities recommend that the determination be carried 
out in faintly acid solution to eliminate the effect of iron salts. 

The Determination . — Wilkie made an artificial mixture of 12 grms. of citric 
acid, 0*(K)4 grm. of ferric iron and 0*00005 grm. of lead. This mixture was placed 
in a “Jena flask and made up to about 35 c.c. with water. 2 c.c. of 0*1N- 
sodium thiosulphate ^ were then added, and the whole heated to incipient 
boiling, and the flame removed. After about 5 minutes the solution became 
perfectly water-white, and to it was immediately added 1 c.c. of a 10 per cent, 
solution of potassium cyanide,^ and then ^ an excess (13 c.c.) of 0*880 ammonia, 
and the whole ge/i tly boiled until colourless.” 

Assuming that the solution under investigation is treated as the mixture 
just described, a similar solution is made with a known amount of lead. This 
solution is systematically diluted with water in Nessler’s glasses, and one drop 
of ammonium sulphide * added to each. The colours so obtained are com- 
pared with that of the solution under investigation in the usual way — see 
Colorimetry.® 

Disturbing Factors . — Woudstra found that with the colorimetric process: 

Lead present . . 0*001 0*0009 grm. 

Estimated lead in error -18 to -8 4-11*1 to -3*3 per cent. 


^ It is very necessary to test all the reagents used to ensure their freedom from traces 
of lead. 

* It is best to use an excess of potassium cyanide, say 26 of potassium cyanide to 1 of iron. 

® Wilkie considers that the results are better if the potassium cyanide is added to the acid 

solution before the ammonia, since the formation of the ferrocyanide proceeds faster in the 
acid solution. 

* According to Warington, ammonium sulphide is a more delicate reagent than hydrogen 
sulphide. 

® A. G. V. Harcourt {Joum. Chem. Soc., 97 , 841, 1910) makes a series of permanent colour 
standards matching the tints of solutions containing different amounts of lead. The colour 
standards are made from mixtures of ferric, cobalt and copper sulphates in suitable propor- 
tions. These are labelled and preserved in hermetically sealed glass cylinders. J. W. 
Lovibond {Meamrement of Light and Colour Sensations^ London, 124, 1910) made combina- 
tiems of his standaid glass slips to match the tints of solutions containing known amounts 
of lead. 
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It must be borne in mind that the lead sulphide precipitated in alkaline solution 
is colloidal, 1 and that the tint is to some extent determined by the size of the 
colloidal particles, which, in turn, is dependent upon the nature of the salts in 
the solution under investigation and on slight variations in the way the solution 
has been prepared. Vigorous agitation, for instance, may coagulate the 
suspended colloid and cause a precipitation of the lead sulphide. Salts of the 
alkalies and alkaline earths rapidly coagulate the colloidal sulphide. Accord- 
ing to Kiihn, barium chloride is KK) times more active than sodium nitrate in 
coagulating the suspended colloid. 

Sometimes the colloidal sulphide imparts a smoky opalescence to the 
solution. This is not favourable for satisfactory comparisons. Warington 
recommended the addition of (approximately) an equal volume of glycerol to 
the solution under investigation ; Siegfried and Pozzi, one-hundredth part by 
volume of a 1 per cent, solution of the purest gum arabic; and Harcourt, mixing 
the solution with about one-fifth its volume of a clear solution of cane sugar 
(half sugar, half w’ater), in order to eliminate this difficulty. Each of these 
additions makes the tint of the lead sulphide slightly paler and less opaque, and 
thus facilitates the work of comparison. 

The effect of iron has been already discussed. In the case of lead glazes, 
cobalt oxide may have been added to the glaze or dissolved from the body by 
the glaze. Cobalt salts in alkali sulphide solutions give a dark brown 
coloration (page 414) which would make the reported amount of lead too high.^ 

To summarise: In order to get reliable results it is necessary that the 
solutions under comparison have the same general character, otherwise the 
result may be over 50 per cent, in error. With unknown solutions, this can 
only be assured by elaborate preparations which occupy much time. 

The wide margin of error introduced by differences in the composition of 
the test and standard solutions can be circumvented by the use of diphenyl- 
thiocarbazone ^ (“dithizone”). With a number of metals this compound 
forms intensely coloured complexes which are usually much more readily 
soluble in organic solvents than in water. Hence, such metals can be extracted 
from their aqueous solutions by shaking up with a solution of the reagent 
in a suitable organic solvent, leaving any other salts in the aqueous layer. 

Assuming that interfering metals are absent, the solution containing the 
lead is evaporated to dryness, the residue moistened with a few drops of 
concentrated hydrochloric acid and then dissolved in the minimum amount 
of distilled water. If any silica should separate out at this stage it is advisable 

^ W. Spring, Bull. Acad. Roy, Belg., 483, 1909. 

® G. I). Elsdon {Pharm. Journ., (4), 89 , 143, 176, 1912) points out that in filtering very 
dilute solutions of lead salts part of the lead may be retained by the filter-paper. If a lead 
solution be aeidified with 0*6 per cent, acetic acid, the adsorption does not occur ; and the lead 
may be washed from the paper by 0*6 per cent, acetic acid. 

* H. Fischer and G. Leopold!, Wisa. Veroff. Siemens- Konz,, 12 , 44, 1933; Angew. Chem., 
47 , 90, 1934; F. A. Vorkes and P. A. Clifford, Joum, Assoc. Ojf. Agric. Chem., 17 , 130, 1934; 
P. A. Clifford and H. J. Wichmann, t 6 ., 19 , 130, 1936; E. S. Wilkins, junr., ^ cU., Ind. Eng. 
Chem. Anal. Ed., 7 , 33, 286, 1935; O. B, Winter, et al„ ib., 7 , 265, 1935; E. B. Sandell, ih„ 
9 , 464, 1937; J, Cholak, et al, ib., 9 , 488, 1937; D. M. Hubbard, ib., 9 , 493, 1937; A, V. 
Evlanova, Journ. App. Chem. {U.8.8.R.), 9 , 1690, 1696, 1936; W. Weyl and H. Rudow, 
Ber, deut, keram. Oes., 16 , ( 6 ), 281, 1935; Ceram. Abs. (in Jonrn. Amer. Cer. 8oe., 19 , 1936), 
I5> 27, 1936; G. C. Harold, S. F. Meek and F. R. Holden, Journ. Ind, Hyg, and Toxic., x 8 » 
724, 1936; C. F. Miller, Chemist-Analyst, 26 , 56, 1937; L. Ellis, Analyst, 61 , 178, 1936; H. A. 
Liebhafsky and E. H, Winslow, Journ Amer. Chem. Soc., 59 , 1966, 1937. For other 
colorimetric processes, see M. R. Moffat and H. S. Spiro, Chem, Ztg,, 31 , 1907; 

E. W. Krans and J. B. Ficklen (Joum, Ind, Bygiene, 13 , 140, 1931) separate the lead as 
chromate and determine the chromate in acid solution with dxphenylcarbazide; S* Feinberg, 
Zeit. anal. Chem., 96 , 415, 1934. 
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to filter it off. To the solution 5 c.c. of a 10 per cent, sodium citrate solution 
are added, followed by concentrated ammonia, drop by drop, until the solution 
is alkaline to litmus; finally an excess of 3 to 4 drops of ammonia is added. 

The ammoniacal solution is next extracted in a separating funnel with 
three successive 10 c.c. portions of a 0*1 per cent, solution of diphenylthio- 
carbazone in carbon tetrachloride,^ each extract being washed with an equal 
bulk of water. If the carbon tetrachloride from the final extraction is not 
distinctly green in colour, an excess of the reagent is not present and a fourth 
extraction should be made. 

The combined carbon tetrachloride extracts are then extracted twice 
with 15 to 20 c.c. of a 0*1 per cent, solution of hydrochloric acid, whereby 
the lead complex is decomposed and the lead passes into the aqueous layer. 

The hydrochloric acid extract is made up to a definite volume in a graduated 
flask and the lead in an aliquot portion of it determined by the sulphide 
process, as already described. 

Alternatively, the lead can be determined colorimetrically by Sandell’s 
procedure as follows: — Pipette out, say, 5 c.c. of the solution into a stoppered 
test glass, add one drop of a 10 per cent, solution of sodium citrate, 2 drops 
of 0*88 ammonia solution and 1 c.c. of 5 per cent, potassium cyanide solution. 
Treat similarly a series of standard lead solutions and to the test and standard 
solutions add from a burette 2 c.c. of a 0-005 per cent, solution of diphenyl- 
thiocarbazone in carbon tetrachloride. Shake the stoppered glasses thoroughly 
and compare the brick-red colours of the carbon tetrachloride layers in the 
test and standard solutions by transmitted light against a neutral background. 

Bismuth, stannous tin and thallous thallium interfere, as does copper, 
except in very small amounts. Ferric iron should also be absent as it oxidises 
the reagent and imparts a yellowish-brown colour to the carbon tetrachloride. 
It is also obvious that all reagents used must be free from any trace of lead. 


' Cliloroform is also recommended. 


23 



CHAPTER XXV. 


THE DETERMINATION OF BISMUTH AND MERCURY. 

§ i68. The Separation of Mercury from Lead, Bismuth, Copper 
and Cadmium — Rath’s Process. 

As indicated on page 278, mercuric sulphide is almost insoluble in ammonium 
sulphide, but readily soluble in sodium or potassium sulphide. If, therefore, 
the sulphides precipitated by hydrogen sulphide be digested with an alkali 
sulphide, the mercury will be found with the arsenic and antimony group. 
Indeed, mercury, tin, arsenic and antimony sulphides can be sharply and con- 
veniently separated from lead, silver, bismuth and copper sulphides by digest- 
ing the mixed sulphides in a mixture of potassium sulphide and hydroxide.^ 
If cadmium (and zinc) should be present, the mercury sulphide is but 
imperfectly dissolved. ^ The net result of this operation is a solution containing 
tin, mercury, arsenic and antimony sulphides, and a precipitate containing 
copper, lead and bismuth sulfdiides — assuming that cadmium is absent. If tin 
also be absent, this method of analysis offers some advantages, because the 
mercury can be readily separated from the arsenic and antimony by treating the 
solution with ammonium chloride. If tin be present, much tin will be pre- 
cipitated with the mercury and the separation by this process is inconvenient. 

If the sul})hides precipitated by hydrogen sulphide be digested in ammonium 
sulphide,® a good separation can be made in the absence of tin and copper. 
Mercury, bismuth,^ lead, copper and cadmium will remain with the insoluble 
residue, while arsenic and antimony, with some copper sulphide, will be dis- 
solved. If tin be present, a somew^hat soluble compound of tin and mercury 
sulphide appears to be formed, because part of the mercury sulphide will pass 
into solution and part of the tin will remain with the precipitate.^ 

The plan of analysis must, therefore, be modified to suit these different 
conditions. Fortunately, mercury is comparatively rare in silicate analysis 

^ Prepared by saturating half the prepared volume of a 1.5 per cent, solution of potassium 
hydroxide with hydrogen sulphide. Mix the two parts, and filter after the solution has stood 
for some days. 

* K. Billow, ZeiL anal, Chem., 31 , 697, 1892; Chem. Newe^ 67 , 174, 1893. 

* Ammonium Monosulphide, — Saturate three volumes of aqueous ammonia (sp. gr. 
0 - 88 ) with hydrogen sulphide, and add two volumes of fresh ammonia (sp. gr. 0 * 88 ) to the 
satinated solution. (Ammonium polysulphide is made by dissolving 25 grms. of “flowers 
of sulphur” in a mixture of .500 c.c. of ammonium monosulphide and 500 c.c. of water.) 
When mercury is present, the freshly prepared colourless ammonium sulphide is used in place 
of sodium monosuiphide, for the reasons stated on page 278 — E. Donath, Chem. Ztg.^ 15 , 
1021, 1891. 

* For the action of hydrogen sulphide on bismuth halides, see E. R. Schneider, Ann, 
phya, Chem., 93 , 464, 1854; M. M. P. Muir and E. M. Eagles, Journ. Chem, 80 c,, 67 , 90, 
1895; and on mercuric salts, A. Christensen, JSer. pharm. Oe^., 26 , 261, 1916; G. McP. Smith 
and W. L. Semon, Joum. Amer, Chem, 80 c,, 46 , 1325, 1924. 

« T. Wilm, Ber., 20 , 232, 1887. 
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and one of the two distillation processes indicated later, or simply “loss on 
ignition of the original sample, will suffice. Rath’s process ^ is one of the most 
convenient for separating mercury from the sulphides insoluble in ammonium 
monosulphide. It is based on the fact that the mercuric sulphide is insoluble 
in boiling dilute nitric acid (sp. gr. 1-2~1*3),^ while the remaining sulphides — 
silver,® bismuth, copper, cadmium and lead — pass into solution. A little 
insoluble lead sulphate may be forlhcd by the action of the nitric acid on the 
sulphide. The mercuric sulphide can then be separated from the lead sulphate 
by digesting the mixture with a little aqua regia; dilute the solution with 
water, filter off the precipitated sulphur and lead sulphate, and wash with 
water. A trace of lead sulphate may be dissolved by the acid. This is 
recovered later. The mercury is separated as sulphide by Volhard’s process. 

§ 169. The Gravimetric Determination of Mercury as Sulphide — 

Volhard's Process. 

In this process ^ the mercury is j)recipitated as sulphide by the addition of 
ammonium sulphide to a nearly neutral solution; the mercuric sulphide is 
dissolved in caustic alkali, from which it is re precipitated as mercuric sulphide, 
by the addition of ammonium nitrate. 

Precipitation of the Mercuric Sulphide. — Almost neutralise the acid filtrate 
from the preceding operation with sodium carbonate; add a slight excess of 
colourless ammonium sulphide (freshly made, page 354); and, finally, with 
constant agitation, a solution of pure sodium hydroxide. When the dark 
colour begins to lighten, heat the solution to boiling, and add more sodium 
hydroxide until the liquid is perfectly clear.® The mercury dissolves forming a 
thio-salt — Hg(SNa)2. Add an excess of ammonium nitrate and boil the 
solution as long as ammonia is given off. The thio-salt is decomposed by the 
ammonium nitrate: 

Hg(8Na)2 2NH4NO3 = 2NaN03 + + HgS 

Wash the precipitated mercuric sulphide ® by decantation through a dried and 
weighed Gooch crucible two or three times with hydrogen sulphide water, 
then with hot water until the water no longer reacts with silver nitrate. Trans- 
fer the precipitate to the crucible, dry between 110° and 112°,'^ and weigh as 

^ G. von Rath, Poyg. Ann.^ 96, 322, 1855. 

* J. Torrey, Amer. Cheni. Journ., 7, 355, 1886; J. L. Howe, 16., 8, 75, 1886. Mercuric 
sulphide is not appreciably attacked by boiling dilute nitric acid, but a single drop of dilute 
hydrochloric acid (1:3) will convert black nic*rcuric sulphide into a yellow compound, and if a 
few drops of hydrochloric acid be present, some of the mercury will pass into solution. Hence 
the nitric acid must be perfectly free from chlorides and hydrochloric acid. 

* If silver be present, it will be precipitated as chloride by any hydrochloric acid present. 

* J. Volhard, Liebig's Ann., 255, 255, 1889; E. T. Allen and J. L. Crenshaw^ Zeit. anorg. 
Chem., 79, 125, 1913. 

* A precipitate of insoluble lead sulphate may be present owing to the dissolution of some 
lead sulphate in the aqua regia. If present, it must be filtered off and the precipitate washed 
with dilute sodium hydroxide. The lead sulphate is mixed wdth that previously obtained and 
treated by the method of page 326. 

® The precipitate so obtained is much more compact and easily filtered than mercuric 
sulphide precipitated by hydrogen sulphide. Moreover, the precipitate produced by hydrogen 
sulphide in acid solutions weighs too heavy, particularly if iodides are present. — W. Reinders, 
Zett phys, Chem.t 32, 498, 1900; C. J. Pretzfeld, Joum. Amer, Chem. Soc.y 25, 198, 1903; 
F. Dunning and L. H. Farinholt, t6., 51, 804, 1929; I. B. Johns, W. D, Peterson and R. M. 
Htxon, *6,, 52, 2820* 1930; E. P. Fennimore and E. C. Wagner, »6., S3, 2453, 1931 ; H. Wegelius 
and S» Kilpi, Zeit* anorg, Chem,, 6x, 413, 1909. 

’ The wme of (kying is materially lessened by a final washing with alcohol — B,. S. McBride, 
Joum, Phys, Okenin^ 14, 189, 1910. 



356 A TREATISE ON CHEMICAL ANALYSIS. 

mercuric sulphide — HgS. Every gram of the mercuric sulphide represents 
0-8622 gram of mercury, or 0*9309 gram mercuric oxide — HgO. The results 
are generally a little high owing to the presence of some sulphur with the 
precipitate.^ 

Removal of Sulphur from Metallic Sulphides . — The sulphur may be removed 
either by boiling the precipitate with a little sodium sulphite before filtering 
so as to convert the sulphur into soluble sodium thiosulphate (S + NugSOg^^ 
NagSgOg), or by extraction with carbon disulphide.-* Conversely, the 
mercuric sulphide can be extracted from the dry, weighed mixture by cold, 



Fjo. 94. — Extraction Apparatus. 

concentrated hydriodic acid and the residue of sulphur weighed.^ The follow- 
ing are convenient methods of conducting the process of extraction: — The 
Gooch crucible containing the mixture is placed on a glass tripod whose feet 
rest on the bottom of a beaker containing some carbon disulphide. The 
beaker is covered with a round-bottomed flask containing cold water. The 
beaker is placed on a hot-water bath.^ The carbon disulphide boils at 46*^ and, 

^ F. P. Treadwell, Kurzes Lehrbuch der anulytisrhen Chemie, Leipzig, 2 , 140, 1911- 
L. Vignon, Compt. rend., Ii6, 584, 1893. 

* C. Friedheim and P. Michaelis, Zei/. anal. Chem., 34 , 526, 1895; H. W. Wiley, ib., 23 , 
580, 1884; G. Vortmann, U ebungsbeispiele aus der qtiantitativen chemischen Analystf Leipzig, 
33, 1910. lor the use of tri-, tetra- or penta-*chloroethylene in place of carbon disulphide, 
see F. Utz, Oummi Zeit,, 28 , 120, 1913; for alcohol, P. Wenger and M. Schilt, Helv. Chim, 
Acta, 7 , 907, 1924. 

s E. R. Caley and M. G. Burford, Ind. Eng. Chem. Ami Ed., 8 , 43, 1936. 

* Note, no naked llaznes must be near enough to risk ignition of the carbon disulphide. 
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after condensing against the bottom of the flask, drops into the crucible and 
passes back to the bottom of the beaker. Wiley’s or Drehschmidt’s extraction 
apparatus ^ is convenient for washing precipitates free from sulphur by extrac- 
tion with carbon disulphide. Both have a receptacle, A, for the Gooch 
crucible below a condenser, C; Drehschmidt’s is shown in fig. 94. A current of 
cold water is passed through the condenser, and the flask, R, containing the 
solvent is placed in a hot-water bath, or supported over an incandescent electric 
lamp. The carbon disulphide boils and the condensed liquid runs through the 
crucible back to the bottom of the flask. In about half an hour the apparatus 
is allowed to cool and the carbon disulphide is washed from the precipitate in 
the crucible by one treatment with alcohol and one treatment with ether. Dry 
the sulphide at 110° and weigh as indicated above. The results are very fair, 
generally less than 0*1 per cent. low. 

§ 170. The Distillation Process for Mercury. 

Erdmann and Marchand' Process. 

All mercury compounds, with the exception of the iodide, are quantitatively 
decomposed when heated with quicklime.^ The reaction, in the case of the 
chloride, is re})rescnted : 

HgClg + CaO = CaClg + HgO 

Hence it is often most convenient to determine the mercury on a separate 
sample by a distillation process, and ignore the mercury when the other con- 
stituents are determined, because the mercury compound which might con- 
taminate a precipitate is volatilised when the precipitate is ignited before 
weighing.^ 

Mercury can be determined in colours containing, say, mercuric chromate, 
and in gold amalgams and ‘"best” gold, by placing a plug of asbestos at the end 
of a combustion tube — 45 to 50 cm. long and 1*5 cm. wide — then an 8 cm. layer 
of freshly ignited calcium oxide; a 10 cm. layer of an intimate mixture of a 
weighed quantity of the given substance with an excess of calcium oxide; a 
20 cm. layer of calcium oxide; and, finally, a loose plug of asbestos fibre. 
Bend the end of the tube, adjacent to the longer layer of calcium oxide, as 
shown in the diagram at C, fig. 95. Connect the bent end of the combustion 
tube, by means of a piece of rubber tubing, with one arm of a small, weighed 
Peligot’s tube, B. The other arm of the Peligot’s tube, 7>, is loosely packed 
with pure gold leaf. The rear end of the combustion tube is connected with a 
wash-bottle, A, containing sulphuric acid, and with a tube delivering coal-gas. 
The coal-gas is allowed to bubble through the apparatus at the rate of about 
three bubbles per second for about half an hour. Gradually raise the tem- 
perature of the fore end of the combustion tube and slowly carry the flame 
backwards until finally the whole tube is being heated at the same time. If 
necessary, the part C of the combtistion tube is heated with a naked Bunsen 
flame, so that any mercury condensed here is driven forward into the Peligot’s 

i’lTlvr WiWyTj^ App. Chem., 7 , W. Ix E. ¥. 

Soherubel, Joum. Ind. Eng. Chem., 4 , 220, 1912; H. J. C. Curr, ib., 4 , 535, 1912; K. Neumann 
and R. von Spallart, Chem. Ztg., 40 , 981, 1916. 

• O. L. Erdmann and R. F. Marchand, Journ. pntkt. Chem., ( 1 ), 31 , 385, 1844; C. R. 
Kdnig, ib.t (1), 70 , 64, 1857. H. Rose (Ann. phys. Chem., (2), no, 542, 1860) showed that 
accurate results are obtained with mercuric iodide if finely powdered copper is added to the 
mixture of mercury salt and lime. J. J. Fahey, Ind. Eng. Chem. Anal. Ed., 9 , 477, 1937. 

* A simple determination of the “loss on ignition” is sometimes sufficient for the mercury 
in a dry sample of mertmry chromate. The last trace of mercury is difficult to expel from 
gold^M. J. Personne, Oompt-. rmd*<, 56 , 63, 1862. 
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tube, but the rubber connection must not be scorched. The current of coal-gas 
is continued all the time the combustion is in progress and while the apparatus 
is cooling. Most of the mercury collects in the lower bulb of the P41igot’s 



Fig. 9.5. — Erdmann and Marchand's DistillatiGn Process for Mercury. 

fcube; a small part is arrested by amalgamation with the gold leaf ^ ; and some 
of the mercury may still remain in the bent portion of the combustion tube 
near C, The Peligot’s tube is disconnected - and a current of air, dried by 
passing through a drying tower, fig. 122, is passed through it for about half an 
hour. Weigh the Peligot’s tube: the increase in weight represents mercury 
derived from the given sample. Now cut the combustion tube where the 
mercury is condensed. Dry with air and weigh. Heat this portion of the 
combustion tube while a current of air is passed through. This volatilises the 
mercury. Cool the tube in a desiccator and weigh again. The apparent loss 
in weight represents the mercury which was condensed in the tube. Add this 
to the preceding result to get the total mercury.® 

Holloway's Modification of Eschka's Process. 

This method is based on the fact that when mercuric sulphide is heated with 
iron filings, iron sulphide and volatile mercury are formed.^ The mercury is 
condensed on a gold or silver plate, and an amalgam is formed. The increase 
in the weight of the plate from this cau.se represents the amount of mercury 
in the sample. The process is used for sulphides and amalgams. The process 
can also be used with ‘‘best gold” and similar amalgams.^ 

^ Instead of using gold leaf, the mercury is sometimes condensed in a layer of water, placed 
in the bottom of the Pdligot’s tube. In this case the rear end of the combustion tube is 
sealed and the closed end packed with magnesite or sodium bicarbonate, which, on heating 
towards the end of the operation, evolves a stream of carbon dioxide; this drives out the 
mercury vapour. The results are satisfactory with rich (7-8 per cent, mercury) ores. 

* Watch that no mercury falls from the combustion tube after the P^ligot’s tube has been 
disconnected. 

* Many modifications have been described. See A. C. Gumming and J. Macleod (Joum. 
Chem. 8oc.t 103 , 513, 1913) for a modification based on Penfield’s process for the determination 
of water in minerals (page 641). When the substance contains organic matter, the condensed 
mercury is apt to be contaminated with a tarry or crystalline distillate. In such cases J. E. 
Marsh and 0. G. Lye (Analyst, 42 , 84, 1917) mix the mercury compoimd with twice its weight 
of calcium sulphate and then mix with excess of lime. 

^ As in Jordan^s test for mercury — ^W. J. Jordan, Schufeigger^s Joum., 57 , 339, 1829. 

* A. Eschka, Chem. News, 26 , 22, 1872; Zeit. awd. Chem., ii, 344, 1872; Dif^fler's Jmm., 
204 , 47, 1872; 0. T. Holloway, Analyst, 31 , 66, 1906; Chem. Eng., 4 , 169, 1906; R. B. Chism, 
Eng. Min. Joum., 66 , 480, 1898; G. A. James, ib., 90 , 800, 1910; S. Piila de Rubies, Anal. 
Fis. Quim., 16 , 661, 1918; W. W, Whitton, CoMfomia J<mm. Tech., 4 , 28, 1904* 
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The Apparatus . — The upper edge of a deep, glazed porcelain crucible — 
about 4 cm. diameter, and 4*5 cm. high — ^is ground flat. The crucible, A, 
fig. 96, is supported in a hole in an 
asbestos or silica plate, //. A disc 
of silver ^ plate, 5 cm. in diameter 
(weighing about 0*4~()-5 grm. per sq. 
cm.) is annealed by holding it in 
the Bunsen flame for a minute or 
two. The disc is rubbed between 
two flat surfaces until it lies i)erfectly 
flat on top of the crucible. Weigh 
this disc, B. Place a rather larger 
metal disc, ( 7 , on top of the weighed 
disc in order to keep the latter clean. 



Fig. 96. — Holloway’s Apparatus. 
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A metal condenser, D, through which 
a current of cold water is flowing, is placed on the discs to keep them cool. 

The condenser is held in place by a 
500 grm. weight, W, fig. 97, on top 
of the condenser. A gutter, 6r, runs 
round the bottom of the condenser 
to collect any condensed moisture 
trickling down the condenser. The 
moisture is removed from time to 
time by means of a piece of blotting- 
paper. 

Charging the Crucible . — The finely 
powdered (120’s lawn) and dry ^ 
sample is weighed ® into the crucible 
and mixed with 10 grms. of fine iron 
filings.^ The mixture is covered 
with 5 grms. of the coarse iron 
filings. Everything is placed in 
position, as shown in the diagrams, 
figs. 96 and 97. 

Volatilisation of the Mercury . — 
The crucible is heated with a small 
flame * vsufiicient to raise the bottom 
to redness without the flame coming 
in contact with the sides. After 
heating from 20 to 30 minutes, let 
the system cool for 15 minutes with 
the condenser at work to guard 



Fio. 97.^ — Holloway’s Apparatus. 


* Gold has a greater affinity for the mercury than silver; but silver has the greater 
“collecting” power weight for weight and is also a better heat conductor. Hence Holloway 
recommended silver; Eschka and Chism used gold. 

* If metallic mercury be present, the drying must be conducted with care on account of the 
tendency of mercury to volatilise. 

* If the amount of mercury in the sample is less than 1 per cent., take 2 grms. of the 
sample; if between 1 and 2 per cent., take 1 grm.; if between 2 and 6 per cent., take 0*5 grm.; 
and if over 6 per cent, is present, grind the sample with 10 grms. of dry sand (120’s lawn) and 
take an aliquot portion so as to keep approximately within the indicated limits. 

* Clean iron filings free from oils ana fats are prepared by beating the filings to redness for 
an hour in a covered crucible. Sift the filings through an 80’s lawn, and also sift some 
throng a BO’s lawn. Keep each in a separate bottle. 

* The tip of a sinan Maker’s flame is very suitable. The plate does not absorb mercury 
Weil i! it is hot* 
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against the loss of uncondensed mercury vapour. Wash the gold or silver disc 
with alcohol^; dry in a desiccator; and weigh. The increase in weight of 
the disc represents the mercury. It requires a little practice to adjust the size 
of the flame and the time of heating in order to be sure all the mercury is vola- 
tilised under the conditions just indicated.^ To make quite sure, reheat the 
crucible with a fresh gold or silver disc in position. If all the mercury was 
volatilised during the first heating, there will be no increase in weight of the 
disc. If any increase in weight is obtained, add the result to the mercury 
obtained with the first plate. The plates can be freed from mercury, and pre- 
pared for another determination, by simply heating them to drive off the 
mercury.® A determination occupies 10 to 50 minutes. 

Special Precautio7is.~ (1) Avoid excessive heating of the crucible; the 
edge of the disc should never feel warm to the fingers. (2) The gold or silver 
disc should be thoroughly cleaned and fit on the (?rucible quite flat. (3) The 
disc and cooler should be carefully adjusted to ensure contact all round the 
top of the crucible. (4) The disc should be quite dry. (5) Draughts are 
objectionable, (b) Allow 15 minutes for cooling before removing the disc to 
prevent danger of losing uncondensed mercury vapour. 

Duplicate determinations on a 1 per cent, ore should agree to within 0*05 
per cent. (Holloway), a result which cannot be equalled by the wet method. 

A variety of volumetric and electrolytic liiethods has also been described 
for the determination of mercury.^ 


§ 171. The Separation of Bismuth from Lead, Cadmium and 
Copper— Ldwe’s Process. 

Lowe ® has based a process on the fact that water converts bismuth nitrate 
into an insoluble basic salt under conditions where lead, copper and cadmium 
salts undergo no such transformation: 

BifNOglg + 2H2O ^Bi(0H)2N03 -t 2HNO3 
Hence the process can be used for the separation of bismuth from the 


^ To remove tarry and organic matters which may have collected on the gold or silver 
plate. The gold amalgams used in pottery, if already mixed with “fat oil,” should be washed 
with ether to remove the oil before treatment by this process. 

* If the plate does not show a clear circular stain, either too much ore has been used or the 
lid did not lit properly. If the stain extends beyond the edge of the crucible, there will be an 
element of uncertainty owing to the probable loss of merciu*y. The plate and crucible should 
fit close enough to prevent this. 

* The plate seems to improve with use, since it gets more porous and absorbs mercury 
better. 

* For a discussion of volumetric methofis, see H. B. Dunnicliff and H. I). Suri, Analyst, 
54 , 405, 1929; M. L. Oolombier, Journ. Pharm. Ckirn., (7), 10 , 15, 1929. For electrolytic 
processes, see E. F. Smith, Electro-Afialysis, Philadelphia, 99, 223, 1918; S, Lomholt and 
J. A. Christiansen, Biochem. Zeit., 55 , 216, 1913; ib,, 81 , 356, 1917; J. Guzman and P. Poch, 
Anal, Fis. Quim., 16 , 742, 1918; W. Bottger, Zeit. angew, Chem,, 34 , 120, 1921 ; A.de Mecus, 
Btdl, Soc. chim, Belg., 31 , 302, 1922; A. Stock and R. Heller, Zeit. ungew. Vhem., 39 , 466, 
1926; A. Verdino, Mtkrockem., 6, 5, 1928. For a review of rec*ent work on the determination 
of mercury, see W. Fischbach, Zeit. anal. Chem., 96 , 436, 1934. 

* J. Lowe, Journ. prakt. Chem., (1), 74 , 344, 1858; C. H. Haflf, Handhuch der analytischm 
Chemie, Altona, 192J; G. Lufl, Zeit. anal. Chem., 63 , 330, 1923; Chem. Ztg,, 44 , 71, 1920; 
P. P. Solodovnikov, Uchenuie Zapiski Kazan Owmdarst. Vniv., 88 , 457, 1928. This process 
can be used for evaluating bismuth nitrate and bismuth oxide. The latter is soluble in 
nitric acid. For the determination of bismuth with gallic acid, see L. Ki^t and Gf. C, 
Chandlee, Ind. Eng. Chem. Anal. Ed*, 8 , 392, 1936. 
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elements just named. The basic nitrate is washed with a solution of ammonium 
nitrate; this allows the precipitate to be washed without decomposition. If 
water alone be used, the precipitate becomes more and more basic, the filtrate 
consequently acquires an acid reaction and some bismuth passes into solution. 

Precipitation . — The nitric acid solution of the sulphides is evaporated on a 
water bath to a syrupy consistency, mixed with hot water and thoroughly 
stirred with a glass rod. Take care to loosen any crusts which may have 
formed on the sides of the basin. The solution is again evaporated and the 
addition of water and the evaporation are repeated until further addition of 
water produces no turbidity — three or four evaporations usually suffice. This 
shows that the reaction indicated above is complete. Evaporate the solution 
to dryness and, when the dry mass has ceased to smell of nitri^^cid, cool. 

Washing . — Add a cold solution of ammonium nitrate (2E) and, after 
standing some time with frequent agitation to make sure that all the lead 
nitrate has passed into solution, filter. Wash the precipitate with the solution 
of ammonium nitrate and dry in an air bath. 

Ignition . — Remove the dry precipitate from the filter^paper and transfer 
it to a watch-glass. Ignite the filter-paper in a porcelain crucible at a low 
temperature. Moisten the ash with nitric acid. Evaporate to dryness very 
cautiously to prevent spurting. Transfer the precipitate to the crucible and 
ignite filter-paper ash and precipitate together. Try to keep the temperature 
below the fusing point of the oxide (c. 820^^), since, if the temperature be too 
high, the oxide melts and attacks the glaze.^ When the weight has become 
constant, weigh the precipitate as bismuth oxide— BigOg. 

Purif cation of the Bismuth Oxide. -The precipitate may be contaminated 
with a little iron, mercury and copper if these elements be present. Hence 
some prefer to redissolve the precipitate before ignition and re]>eat the 
separation. The combined filtrates are evaporated to dryness and calcined 
at a low temperature to destroy the ammonium salts, which interfere with the 
subsequent precipitation of the lead as sulphate (page 326). 

If sulphuric or hydrochloric acid be present, a basic sulphate or chloride 
may be formed, which is not converted to oxide on ignition. ^ The results will 
accordingly be high. In that case, Rose ® recommends fusing the mass for 
about 15 minutes with four or five times its weight of, say, 98 per cent, 
potassium cyanide in a covered crucible. When all is fused, the crucible is 
gently rotated to collect the little beads of metal into one button. The crucible 
should not be heated above low redness. Wavsh the cold mass with water to 
remove the cyanides and cyanates. The button is then washed with alcohol, 
dried at 100*^ and weighed as metallic bismuth. This weight multiplied by 
1*1148 gives the corresponding amount of bismuth oxide — BigOg.^ 


' The error from this cause can be neglected in moat cases. If reducing gases be present 
inside the crucible, some of the oxide will be partially reduced. 

* For the determination of bismuth as oxychloride, see O. A. Crickett, Eng. Min. Jonm., 
1 X2, 58, 1921; J. Antal, Oydgysz Dokt. Disa.y Budapest, 1928; W. Hertel, Met. u. ErZy 27 , 
557, 1930; as oxybromide, L. Moser and W. Maxymowicz, Zeit. anal. Chtm.y 67 , 248, 1925; 
as oxyiodide, R. Strebinger and W. Zins, Mikrochem.y 5 , 166, 1927; ZeU. anal. Chem.^ 72 , 
417, 1927; R. Strebinger and G. Ortner, * 6 ,, 107 , 14, 1936. 

» H. Rose, Pogg. Ann.y 91 , 104, 1854; xio, 136, 426, 1860. 

^ Sometimes the bismuth forms a kind of metallic lustrous film inside the crucible. For 
the precipitation of bismuth as metal, see L. Vanino and F. Treubert, Rcr., 31 , 1303, 
1898; E. Rupp and G. Hamann, ZeU. ami. Chern., 87 * 32, 1931. 
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§ 172. The Separation of Bismuth from Copper and Cadmium — 

Jannasch’s Process. 

The bismuth can be separated ^ from copper and cadmium, if cadmium be 
present, by evaporating a solution containing salts of these elements to dryness. 
Dissolve the residue in, say, 5 c.c. of nitric acid (sp. gr. 1*4) and 25 c.c. of water, 
and pour the solution into a beaker containing 25 c.c. of concentrated ammonia 
and 50 c.c. of a 4 per cent, solution of liydrogen peroxide, with constant 
stirring. A dull yellow precipitate of bismuth hydroxide separates.® Let 
the precipitate settle; decant the clear liquid; add more of the arnmoniacal 
hydrogen peroxide; decant; transfer to a filter-paper; wash with hot dilute 
ammonia (1:8), and finally with hot water, until a drop of the wash- water 
gives no residue when evaporated on a piece of ])latinuin foil. 

To remove any copper or cadmium which might be precipitated with the 
bismuth, dissolve the precipitate on the filter-paper in hot dilute nitric acid; 
evaporate to dryness and repeat the precijhtation as described above. 

After complete washing, dry the precipitate at 90^ 95°; ignite it in a 
porcelain crucible until its weight is constajit; and weigh as Bi 203 . The 
ignition of the precipitate and })aper is described in detail on page .361.® 


§ 173. The Determination of Bismuth Colorimetrically. 

Small amounts of bismuth are conveniently determined colorimetrically. 
Bismuth triiodide ^ dissolves in excess of potassium iodide, forming an intense 
yellow, orange or red coloration ® which, unlike the somew^hat similar colour 
given by iodine, is not destroyed by sulphurous acid. 

The colorimetric process for bismuth has recently been subjected to close 
scrutiny in connexion with the determination of traces of bismuth in copper.® 
The following scheme has been adapted from this work to the case of ceramic 
materials. If present, arsenic, antimony and tin, mercury and lead are 
separated by the processes given on pages 276, 354, 326 respectively. Bismuth 


^ P. Jannasch and J. Leskinsky, Ber., 26 , 2908, 1893; P. Jannasch and E. Rose, ih.t 
27 , 2227, 1894; P. Jannasch and E. von Cloedt, ih., 28 , 994, 1895; Ch^m. 64, 

1895; P. Jannasch, Zeit. anorg. Chem., 8 , .302, 1895; LeUfriden der GevncMmmily/ie^ I..eip 7 j*g, 
107, 110, 1904; P. P. Solodovnikov, Uchmuie Za 2 )iMki Kazan GomdarM. Univ,^ 88 , 457, 
1928. 

* If lead were present, it too would be precipitated with the bismuth as a peroxide. 

* A. L. Benkert and E. F. Smith’s process {Journ, Amer, Chem, Sac., 18 , 1055, 1896; 
A. F. V. Little and E. Cahen, Analyst, 35 , 301, 1910), by precipitation as bismuth formate, 
is an excellent process for the separation of bismuth from lead and cadmium. 

^ F. Field, Chem. News, 36 , 260, 1877; F. A. Abel and F. Field, Joum. Chem. Soc., 14 , 
290, 1862; M. Planes, Chem. News, 89 , 10, 1904; Joum. Phatm. Chim., ( 6 ), 385, 1903; 

L. L. de Koninck, Bull. Soc. chim. BeJg., 19 , 91, 1905; F. B. 8 tono, Joum. Soc. Chem. Ind., 
6 , 416, 1887; T. C. Cloud, ih., 23 , 523, 1904; H. A. B. Motherwell, Bng. Min. Joum., 104 , 
1091, 1917; C. O. Jones and E. C. Frost, Ind. Eng. Chem., 18 , 596, 19^; P. Dumont and 

M. Bouillenne, Compt. rend. Soc. bioL, 99 , 1247, 1928; Chem. Zenir., ( 1 ), 562, 1929; C. Frick 
and H. Engemann, Chem. Zig., 53 , 505, 601, 1929; N. Kameyana and 8 . Makishima, Joum. 
Soc. Chem. Ind. Japan, 36 , (Suppl. binding), 364, 1933; A. Portnov and V. Skvorzov, Farm. 
Zhur., 534, 1928; Chem. Zenir., ( 1 ), 114, 1929; L. A. Haddock, Analyst, 59 , 163, 1934. 

* One part of bismuth per 10,000 parts of water gives an orange colour; 1 part of bismuth 
in 40,000 parts of water, a light orange; and 1 part of bismuth in 100,000, a perceptible 
yellow coloration — T. C. Thresh, Pharm. Joum., 10 , 641, 1880; Joum. Chem. Soc., 3 S, 752> 
1880. 

* A. J. G. Smout and J. L. Smith, Chem. Trade Joum.f 92 , 420, 1933; Analyst, 581 476, 
1933. 
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is then separated from copper and cadmium by Jannasch’s method (page 362). 
Since only traces of bismuth are present, it is necessary to have at this stage 
a sufficient quantity of another element present to ensure that the whole of 
the bismuth is precipitated. Hence add about 0*025 grm. of ferrous ammonium 
sulphate for every gram of analysis sample taken. Reprecipitation of the 
mixed hydroxides of bismuth and iron is essential to remove the last traces of 
copper (and cadmium). The solution in both the initial and final precipitations 
should be stood for at least six hours in a warm place, as the complete precipita- 
tion of bismuth takes a considerable time. The final precipitate is dissolved 
in dilute sulphuric acid, the solution just neutralised and then again made 
faintly acidic. The iron is now reduced to the ferrous state by the addition 
of a slight excess of sulphurous acid,’ about 10 c.c, of a 2 per cent, solution of 
potassium iodide are added and the solution made up to a definite volume. 
The final solution is matched against a blank solution which has been prepared 
by carrying through all the above analytical operations from the initial 
precipitation of the mixed hydroxides. Into the blank solution a standard 
solution of bismuth ^ is run until the colours match. In the final solutions 
the acidity should be about 2 per cent, by volume and the amount of potassium 
iodide solution added should be adequate but not ex(*essive. The dilution of 
the test solution should be such that not more than 4 to 5 c.c. of standard 
bismuth solution are needed for a match. The method is said to be reliable 
from 0*002 to 0*020 per cent, of bismuth.^ 

Bismuth can also be determined as phosphate,^ or by metallic displace- 
ment from solution. The precipitated bismuth is allowed to interact with a 
ferric salt, followed by titration of the ferrous salt formed in the reaction : ® 

Bi+3FeCl3 = BiCl, + 3FeCl2 

The use of organic precipitants has also been advocated.® 


^ Haddock (l.c.) adds also 2 c.c. of 30 per cent, hypophosphorous acid. 

* Standard Bismuth Sou’TION. — Oi.ssolve 0*0897 grm. of pure bismuth in 20 c.c. of 
concentrated sulphuric acid and dilute to a litre. One (^.c. of this solution is equivalent to 
0*0001 grm. BijOj. 

* The coloured complexes formed between bismuth iodide and organic (jompounds have 
been used for quantitative work — P. Aubry, Journ. Pluirvi. Chini., (7), 25, 15, 1922; L. Cuny 
and G. Poirot, t6., (7), 28, 215, 1923; C. E. Laportes ih., (7), 28, 304, 1923; A. Girard and 
E. Fourneau, Compt, rend.^ 181, 610, 1925, For a volumetric process based on the formation 
of bismuth iodide, see C. Reichard, Pharm. Zentrh., 54, J03, 1913. H. Heinrichs and 
M. Hertrich {Oldstech. Ber.f 2, 112, 1924) determine bismuth colorimetrically with ammonium 
thiocyanate, as in the corresponding process for iron. C. Mahr (Zeit. anal. Chem., 94, 161, 
1933; 97, 96, 1934) has worked out a process, based on the colour given by bismuth salts with 
thiourea, which is applicable in the presence of silver, lead, copper and ferrous iron — compare 
G. Sens! and S. Seghezzo, Ann. dhim. appL, 19, 392, 1929; L. A. Haddock, Analyst^ 59, 
163, 1934. 

^ W. R. Schoeller |ind E. F. Waterhouse, An^dyat, 45, 435, 1920; W. R. Schoeller and 
D. A. Lambie, t6., 62, 533, 1937; G. Luff, Chem. Zig., 47, 133, 1923; G. G. Reissaus, Zeit. 
anal, Chem,, 70, 300, 1927; H. Blumenthal, ib,, 78, 206, 1929; P. Farini, Bdl, Chim, Farm,, 
73, 284, 1934; W. C. Blasdale and W. C. Parle, Ind. Eng, Chem, Anal, Ed,, 8, 352, 1936. 

* A. K. Kurtenaoker and F. Werner, Zeit, anarg, Chem., 123, 166, 1922; J. Hanus and 
A. Jilek, Chem, lAsty, 18, 8, 1924; G. G. Reissaus (v. aupra)\ W. Strecker and A. Herrmann, 
Zeit, CAem., 7a, 5, 1927; H. Kubina and J. Plichter, ib., 72, 201, 1927; G. J. Hough, 

. xS, 3, 1929. 

* R. Berg and 0. Wurm, Ber,, 60B, 1664, 1927; R. Berg, Zeit. amtl, Chem,, 72, 177, 
1927; G. Spacu and G. Suciu, ih,, 79, 196, 1929; A. Pinkus and J. Demies, Ball, 80 c, chim, 
Beig., S7, 267, 1928; F. Farini, Bdl, Chdm, Farm,, 73, 284, 1934. 
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A number of electrolytic methods have been proposed for the determination 
of bismuth, though none has gained wide acceptance.^ 


^ iSee, for instance, G. Vortmann, Her,^ 24 , 2749, 1891 ; D. Balachowsky, Compt. rend.^ 131 , 
179, 190(); A. Lassieur, ib., 179 , 682, 1924; K. Wimnienaucr, Zeit. anorg. Cheni., 27 , 1, 
1901 ; B, P. Richardson, ib.^ 84 , 277, 1913; A. L. Kam merer, Jonrn, Amc.r, Chem. jSVic., 
25 , 88 , 1903; B. L. Murray, Jtmrv. Ind. Eng, Chem,, 8 , 267, 1916; P. Poch, A nal, Fis, Quim,, 
i 6 , 620, 1918; M. Nakao, Journ, Pharm, Soc, Japan, No. 446, 276, 1919; K. 8 cel, Zeii, 
angew. Chem., 37 , 641, 1924; A. tlilek and J. Lukas, Coll. Czech. Chem, Comm., i, 869, 1929; 
E. P. Schoch and D. J. Brown, Eighth Inter. Con^. App. Chem., 21 , 81, 1912; R. C. Benner, 
ib., 21 , 91, 1912. 



CHAPTER XXVI. 


THE DETERMINATION OF COPPER AND CADMIUM. 

§ 174. Rivet’s Thiocyanate Process for the Separation of 
Copper from Cadmium. 

If cadmium be absent, copper is sometimes precipitated by hydrogen sulphide,^ 
or by aluminium (page 371), as well as electrolytically. The main objections 
to the former process are the time needed for a complete precipitation and 
the tendency of the precipitated sulphide to oxidise and form soluble copper 
sulphate by exposure to air during the washing on the filter-y)aper ; nor is the 
use of hydrogen sulphide an attractive feature of the process. Kern and 
Morris ^ compared the results obtained by precipitating copper with hydrogen 
sulj)hide and with aluminium and found that “the precipitation by aluminium 
gave as accurate results as when made by means of hydrogen sulphide.” 
There is also a difficulty in igniting copper sulphide and weighing it as such.® 
The very valuable electrolytic process for copper, described on page 255, will 
not w^ork in the presence of cadmium. If cadmium be present, Rivot’s 
process ^ suggested in 1854 may be used. This depends upon the fact that an 
alkali thiocyanate produces a precipitate of cuprous thiocyanate — CuCNS — 
in neutral or feebly acid solutions of a copper salt in the presence of a reducing 
agent — say sulphurous or hypophosphorous acid. The solution is best 
slightly acidified with sulphuric or hydrochloric acid. An excess of acid is 


* J. B. Coppock, Chem. AVw«, 73 , 262, 1896; B. Brauner, j' 6 ., 74 , 99, 1896; J. Thomsen, 
Ber., u, 2043, 1878. For a survey of methods for the determination of copper, see W. B. 
Price et ah, Journ. Ind. Eng, Chem., 7 , 546, 1915; H. W. Foote and J. E. Vance, Anal, 
Ed., 9 , 205, 1937. 

* E. F. Kern and M. H. Morris, School Mines Quart., 35 , 1 , 1914. 

* R. Wegsehieder, Monats., 14 , 315, 1893; C. Beck, Chem. Zig., 37 , 1330, 1913; 
E. Murmann, Chem. Zentr., ( 1 ), 2016, 1914; F. L. Hahn, Zeit. anorg. Chem., 99 , 201, 1917; 
Zeit. anal. Chem., 65 , 134, 1924; Ber., 63 B, 1616, 1930; E. Wilke-Dorfurt and U. Rhein, 
Zeit. anal. Chem., 64 , 380, 1024; M. Leo, Chem. Ztg., 48 , 841, 1924. 

* L. E. Rivot, Compt. rend., 38 , 868 , 1854; R. G. van Name, Amer. Joum. Scu, ( 4 ), 10 , 
451, 1900; 13 , 20 , 138, 1902; E. Busae, Zeit. anal. Chem., 17 , .53, 1878; 30 , 122 , 1891; 
H. Tamm, Chem. News, 24 , 91, 1874; K. Fleischer, ib., 19 , 2()6, 1869; G. Femekes and A. A. 
Koch, Joum,. Atner. Chem. Soc., 27 , 1224, 1905; W. Hampe, Chem. Ztg., 17 , 1691, 1893; 
Journ. Soc. Chem. hid,, 13 , 421, 1894; B. Blount, Analyst, 19 , 92, 1894; D. J. Demorest, 
Joum. Ind. Eng. Chem., 5 , 215, 1913; L. von Wissell and F. Kiisport, Landw. Vers. Stat., 
86 , 277, 1915; I. M. Kolthoff and G. H. P. van der Meene, Zeit. anal. Chem., 72 , 337, 1927; 
p. Kriiger and E. Tsohirch, ib., 97 , 161, 1934; W. Hiltner and W. Grundmann, ib., 97 , 172, 
1934. For the separation of copper and cadmium by precipitating the copper by a moderate 
excess of potassium iodide, evaporating to dryness, extracting with water, filtering and drying 
the separated cuprous iodide at 120°~150®, see P. E. Browning, Amer. Joum. Set., (3), 46 , 
280, 1894; L. W. Winkler, Zeit. anal. Chem., 63 , 324, 1923; I. M. Kolthoff and H. A. Kuyl- 
man, Chem. Weekblad, 23 , 186 , 1920. The cadmium in the filtrate is subsequently precipitated 
by sodium carbonate and ignited to CdO. For the separation of copper and iron, see G. Edgar, 
Joum. Amer. CAsm. 80 c., 38 , 884, 1916. 
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injurious. The solution should be free from oxidising agents — e,g, nitric acid, 
free chlorine oxides. The process enables copper to be quantitatively separated 
from cadmium and, indeed, many other metals.^ 

The Precipitation . — The solution ^ is neutralised with ammonia, if necessary, 
acidified with a couple of drops of sulphuric acid and treated with an excess 
of sulphur dioxide or ammonium bisulphite.® Then add, drop by drop with 
constant stirring, an aqueous solution of ammonium thiocyanate. The 
greenish precipitate of mixed cuprous and cupric thiocyanates soon becomes 
white. Let the mixture stand overnight. 

Washing and Drying the Precipitate . — Filter the solution, with the bulky 
precipitate, through a Gooch crucible, previously dried at 120° and weighed; 
wash with cold water ^ until the washings give but a faint red coloration with 
a solution of ferric chloride.® Then wash six times with 20 per cent, alcohol. 
Dry the precipitate between 110° and 120°; and weigh as CuCNS. The 
drying must be repeated until the weight is constant.® The weight of the 
precipitate multiplied by 0*6542 gives the corresponding amount of cupric 
oxide — CuO, 

Accuracy of the Results . — The results are excellent. For example, with 
known amounts of copper, Fernekes and Koch found: 

Copper (taken) . . 0*0939 0*0939 0*0939 0*0188 0*0188 grm. 

Copper (found) . . 0*0941 0*0939 0*0939 0*0189 0*0188 grm. 

The main objections to the method are the slight solubility of the precipitate 
in an excess of the precipitating reagent,^ and in water; and the tardy separa- 
tion of the precipitate. The method can be used to separate copper from zinc, 


^ Copper may also be separated from cadmium (also Pb, Mg, Mn, Hg, Zii) by the nitroso-/?- 
naphthol process, as indicated on page 420 — G. von Knorre, Zeit. anal. Chem., 28, 234, 1889; 
and from cadmium, nickel, cobalt, aluminium, chromium, by ammonium nitrosophenyl- 
hydroxylamine — ammonium “cupferron” — as indicated on page 504. For the precipitation 
of copper by hypophosphites, see F, Mawrow and W. Muthmann, Zeit. anorg. Chem., ii, 
268, 1896; F. Wenger and N. Diirst, Helv. Vhim. Acta, 6, 642, 1923. 

2 Remaining after the separation of the bismuth. 

® Made by saturating aqueous ammonia with sulphur dioxide. Some use for the precipita- 
tion a mixture of 120 grms. of potassium thiocyanate and 120 grms. of sodium hydrogen 
sulphite dissolved in 2 litres of water (H. Tamm, Chem. News, 24, 91, 1874). 

* The precipitate is practically insoluble in cold but appreciably soluble in hot water, 

® The copper in the thiocyanate may be determined volu metrically with some advantage 
if the standard solutions arc ready made. E. Fleischer {Chem. News, 19, 206, 1869) digests 
the precipitate in a solution of caustic alkali and washes the red precipitate of cuprous oxide 
with hot water until the washings give no red coloration with ferric chloride, and determines 
the copper by de Haen’s process (page 367). 8. AV. Parr {Jcyum. Amer. Chem. 80 c., 22, 685, 

1900; 24, 580, 1902; H. A. Guess, ib., 24, 708, 1902; W. E. Garriguos, ib., 19, 940, 1897; 
R. K. Meade, ib., 20, 610, 1898; Chem. News, 80, 67, 1899; J. Volhard, Uebig's Ann,, 190, 
251, 1877) dissolves the precipitated thiocyanate in 10 c.c. of a solution of potash (10 per cent.), 
adds 10 c.c. of ammonia (sp. gr. 0*96), and titrates with potassium permanganate until the 
green colour persists after warming the solution at 45°-55° for a short time. Then add 
more of the permanganate solution — say one-third or one-fourth of the amount already added. 
Let the mixture stand five minutes. Acidify the solution with 25 c.c. of dilute sulphuric acid 
(1:2), and titrate with permanganate at 60°-70® until the pink coloration appears. One gram 
of potassium permanganate corresponds with 0*7193 gram of cupric oxide — CuO. 

• Cuprous thiocyanate begins to decompose if heated above 170°. A. Claus {Joum. prakt, 
Chem., (1), 15, 401, 1838) found 3*0 per cent, of water in a sample dried at 115°; and M. 
Meitzendorfi (Pogg. Ann., 56, 63, 1842) found 1*54 per cent, when dried at 100°. Practically 
all the water is removed by working as described in the text. G. Fenner and J. Forschmann 
(Chem. Ztg., 42, 205, 1918) convert the thiocyanate to oxide by ignition in a mufile at about 
800° to save the time involved in drying to constant weight. 

^ I. M. Kolthofi and G. H. P. van der Meene (ZeU. awU. Chem,, 72, 887, 1927) reoommeitd 
that, after precipitation, the solution should not be more than 0*05N with respect to thio* 
cyanate. 
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cadmium, iron, cobalt, nickel and arsenic, because these elements are not 
precipitated under the conditions of the experiment. If antimony, tin or 
bismuth is present, tartaric acid should be added before precipitation. 

If desired, the precipitate can be roasted to drive of! the cyanogen com- 
pounds, the residue dissolved in acid and the copper determined volumetrically; 
or the thiocyanate can be dissolved in about 2 c.c. of concentrated nitric acid, 
boiled for a few minutes, treated with an excess of ammonia and the excess 
boiled off, treated with 2 to 3 c.c. of acetic acid, and the solution treated by 
de Haen’s process as described below.^ Not more than 0*0001 grm. of copper 
will be found in the filtrate with cadmium — if that element be present.^ 


§ 175. De Haen’s Volumetric Iodine Process for Copper. 

E. de Haen's process ^ is based on the fact that when an excess of potassium 
iodide is added to a concentrated solution of a copper salt, acidulated with 
acetic acid, cuprous iodide is formed, and an equivalent amount of iodine is 
liberated. The amount of free iodine is determined by titration with sodium 
thiosulphate. If the solution be too dilute, the cuprous iodide produced in 
the reaction just indicated re-forms the original salt. The regenerated copper 
salt then reacts with a further quantity of potassium iodide with liberation 


^ W. D. Brown, Journ. Ind. Eng. Cke?n., 7 , 213, 1915; G. Edgar, Journ. Amer. Chew. 

38 , 884, 1916. G. Incze {Zeit. anal. Chew., 54 , 252, 412, 1915; J. Moir, Journ. Chem. 
Met. Min. &jr.. E. Africa , 18 , 133, 1917; P. Floury and P. Tavernier, Bull. Soc. chim., (4), 
35 » 794, 1924) reduces the (joppi^r to the cuprous state by a measured excess of standard 
thiosulphate and, aft(*r pre(;ipitafion with thioc^yanate and filtration, determines the excess 
of thiosulphate in the filtrate. The reduction follows the course — 2 CUSO 4 + 2 NaaSa 03 = 
Na 8 S 40 « + Na 8 S 04 + Cu2S()4. 

^ G. Fenner and J. Forschinann, Chem. Ztg., 42 , 205, 1918. 

3 K. do Haen, Liebig's Ann.^ 91 , 237, 1854; A. Rfimpler, Journ. prakt. Chem., ( 1 ), 105 , 
193, 1868; M. Flajolet, ib., (2), ii, 105, 1894; 1). Vitali, Ze.U. a?ial. Chem., 36 , 549, 1897; 
L. Moser, ib., 43 , 597, 1904; 44 , 196, 1905; E. V. Vidcgron, ib., 48 , 539, 1909; F. M. Litter- 
scheid, ib., 41 , 219, 11K)2; Chem. Ztg., 33 , 263, 1909; E. Victor, ib., 29 , 179, 1905; F. M. 
Litterscheid, ib., 33 , 263, 1909; G. Vortmann and J. von Orlowsky, Zeit. anal. Chem., 20 , 
416, 1881; Monats., 7 , 418, 1886; M. Willenz, Rev. Chim. anal, app., 5 , 355, 1896; 
Chem. News, 76 , 243, 1897; L. Gamier, Journ. Pharrn. Chim., ( 6 ), 9 , 326, 1899; F. Pisani, 
Compt. rend., 47 , 204, 1858; M. flaupt, Pharm. Cenir., 30 , 509, 1889; Chem. News, 70 , 206, 
1894: L. de Bruyn and H. van IjM'ri, Rec. Trav. Chim. Pays-Bas, 10 , 119, 1891 ; H, Cantoni 
and M. Rosenstein, Bull. Roc. chim., (3), 35 , 1069, 1906; V. Gerlinger, Zeit. angew. Chem., 
19 , 520, 1906; L. Moser, Zeit. anorg. Chem., 56 , 143, 1907; Chem. Ztg., 31 , 77, 1907; G. 
Fernekes and A. A. Koch, Journ. Amer. Chem. Roc., 27 , 1224, H105; H. S. DuUn, ib., 17 , 
346, 1895; A. B. Low, ib., 18 , 457, 1896; 24 , 1082, 1902; Chem. News, 74 , 52, 1896; A. M. 
Fairlie, Eng. Min. Journ., 78 , 787, 1905; A. H. Low, ib., 59 , 124, 1896; E. H. Miller, ib., 
81 , 519, 1906; P. E. Browning, Amer. J. Rcience, (3), 46 , 280, 1893; F. H. Heath, ib., (4), 
25 , 513, 1908; F. A. Gooch and F. H. Heath, ib., (4), 24 , 65, 1907; Chem. News, 97 , 174, 
187, 1908; K. O, Brown, Journ. Chem. Roc., 10 , 65, 1857; J. W. Walker and M. V. Dover, 
ib., 87 , 1584, 1905; R. Williams, Chem. News, 58 , 273, 1888; J. W. Westmoreland, ib., 58 , 
78, 1888; Journ. Roc. Chem. Ind., 5 , 48, 1886; U. Tsukakoski, Eng. Min. Journ., 90 , 969, 

1910; F. E. Lathe, ib., 93 , 1071, 1912; A. W. Peters, Journ. Amer. Chem. Roc., 34 , 422, 

1912; W. C. Bray and G. M. J. MacKay, ib., 32 , 1193, 1910; M. E. Pozzi-Escot, Ann. Chim. 

anal., 18 , 219, 1913; E, Beck, Chem. Ztg., 37 , 1330, 1913; R. E. Lee, J. P. Trickey and 

W. H. Fegely, Journ. Ind. Eng. Chem., 6 , 556, 1914; R. W. Coltman, ib., 7 , 764, 1915; 
H. Ley, Chem. Ztg., 41 , 763, 1917; H. Koelsch, ib., 37 , 753, 1913; J. M. Kolthoff, Pharm. 
WeekbIM, 55 , 1338, 1918; P. Klason, R^'ensk Kem. Tids., 31 , 211 , 1919; H. F. Bradley, 
lnd» Eng. Chem., 12 , 800, 1920; E. Lasausse, Journ. Pharm. Chim., (7), 26 , 401, 1922; 
G. Batta and G. Lathiers, Bull. Roc. chim. Belg., 31 , 297, 1922; N. Schoorl and H. Berg- 
mann, Rec. Trav. chim., 44 , 1077, 1925; H. B. Dunniclifi and K. Ram, Kolloid ZeiL, 38 , 168, 
1926; M. I. Uflchakov, Jmm. Russ. Phys. Chem. Soc.., 60 , 1151, 1928; E. H. Smith, Chemist- 
Analyst^ x 8 » 6 , 1929; 20 , 10, 1931; M. Hersohkovitsch, Zeit. anorg. Chem,, 146 , 132, 1925; 
T. H. Whitehead and H. 8 . Miller, Ind. Eng. Chem. AncU. Ed., 5 , 15, 1933; F. Sierra, Anales 
Soc. Espan. Fis. 3 Z, 26, 1933; A. Wogrinz, Chem. Ztg., 57 , 613, 1933. 
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of free iodine, which produces the phenomenon of “ after- blueing.*’ ^ By 
increasing the concentration of potassium iodide,^ the back reaction is retarded 
and the time required for the titration consequently shortened. Free mineral 
acids react with the potassium iodide, forming hydriodic acid, A little free 
acid does no particular harm but, if much acid be present, some cuprous 
iodide is dissolved. This acts as a catalytic agent, accelerating the oxidation 
of the hydriodic acid by atmospheric oxygen. This leads to ‘^after-blueing” 
and to high results. 

Preparation of Solution . — If the copper has been precipitated as thiocyanate 
(or sulphide), the preci])itate is digested with, say, 5 c.c. of nitric acid (sp. gr. 
1*42) until solution of the copper is complete. Evaporate the solution on 
a water bath with hydrochloric acid in order to expel completely all red fumes 
of nitrogen oxides. This point is ver}^ important since nitrous acid is produced 
by the solution of the copper in the nitric acid. Unless the nitrous acid is 
entirely removed,^ it will react with the potassium iodide with liberation of 
iodine : 

2H1 + 2 HNO 2 = 2 H 2 O -f 2N0 + Ig 

Redissolve the residue in 25 c.c. of water and neutralise the acid by the 
addition of a few drops of ammonia.^ Boil the solution to expel the ammonia. 
Add 2 c.c. of concentrated acetic acid in order that the acid may be in slight 
excess.^ If necessary, boil to ensure the comj)lete dissolution of the copper. 
Cool. The cold solution should occupy about 50 c.c. If less, make the 
solution up to this volume with water.® 

The Titration . — Dissolve 3 grms. of potassium iodide in the solution.’ 


^ VV'hen the blue colourof the “ staroh iodide ” has l)een roruoved by the sodium thiosulphate, 
and more iodine passes into solution, the blue “ starch iodide ” colour will again apjwjar. If this 
blue reappears after the colour lias once been discharged by the titration, the phenomenon is 
called “after-blueing” — J, H, Davies and E. P. Perman, Che,m. 93 , 225, 1906; K. 

Sugiura and P. A. Kober, Journ. Amer, Che.m, Soc,, 34 , 818, 1912; K. H. E. Muller, Chem, 
Ztg., 38 , 1137, 1914; H. Dubovitz, 16 ., 39 , 585, 1915. 

* P. A. Shaffer and A. F. Hartmann {Journ, Biol. Chem., 45 , 349, 1921) consider that the 
final concentration of potassium iodide should be about ()-25 M to prevent reversal of the 
reaction. 

® A. H. Low (/,c.) oxidises the nitrous acid by boiling the solution with 5 c.c. of bromine 
water until the bromine is expelled. E. C. Kendall {Journ. Amer. Chem. Soc., 33 , 1947, 
1911) boils with sodium hypochlorite and afterwards destroys the excess of hypochlorite 
with phenol. M. E. Pozzi-E.scot (/.c.), H. Koelsch (/.r.) and K. Intonti {Ann. Chim. appl., 
20 , 583, 1930) remove the nitrous acid by the addition of urea. 

* Or sodium bicarbonate, not the (;arbonate (page 291). Note that iodine may be carried 
off if much carbon dioxide e.scapes from the solution after the addition of the potassium iodide. 

* The solution should not contain more than 3 c.c. of nitric, hydrochloric or sulphuric 
acid, or 25 c.c. of 50 per cent, acetic acid, per 100 c.c. of solution. For the action of hydro- 
chloric acid on sodium thiosulphate titrations, see J. T. Norton, Amer. J. Science, (4), 7 , 
287, 1899; Chem. Netvs, 80 , 27, 1899. S. U. Pickering {Journ. Chem. Soc., 37 , 135, 1880) 
showed that more iodine j.s required to oxidise the thiosulphate as the proportion of hydro- 
chloric acid increases. 

* C. E. Smith, Met. Chem. Ereg., 14 , 379, 1916. 

^ Or add about 6 c.c. of a 50 per cent, solution of potassium iodide. An excess of potas- 
sium iodide does no harm; too little will make the subsequent titration tedious owing to 
the gradual solution of precipitated iodine. An excess is therefore necessary to keep the 
precipitated iodine in solution; indeed, E. H. ^mith {l.c.) says that the end-point is sharper 
if sufficient potassium iodide be added to dissolve the precipitated cuprous iodide. A “sut^t- 
excess"’ means waste, and potassium iodide is expensive. G. Bruhns {Chem. Ztg., 42 , 301, 
1918; Zeit. anal. Chem., 59 , 337, 1920; P. Fleury and L. Boutot, Bull. Soc. chim. bid,, 
361, 1922; P. Fleury, Bull. Soc. chim., (4), 35 , 230, 1924; W. Orlik and W, Tietze, Chem, Ztg., 
54 , 174, 1930; I. M. Kolthoff, ih., 42 , 609, 1918) adds but a little potassium iodide to the 
copper solution and titrates with a mixture of thiostdphate and potassium thiocyanate. The 
latter reacts with the cuprous iodide first formed, to give the equivalent amount of potassium 
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Nearly white cuproug iodide separates and iodine is liberated. Shake the 
solution vigorously. The reaction is represented by the equation: 

2CuCl2 -f 4KI Cuglg + 12 + 4KC1 

The free iodine which separates colours the solution brown. The solution 
should be cold and kept cold to prevent loss of iodine. To avoid oxidation 
titrate the solution at once with a standard solution of sodium thiosulphate ^ 
until the brown colour of the iodine has changed to a faint straw yellow.^ Then 
add 5 c.c. of a cold solution of starch (page 285) in order to develop the 
“iodine blue,” and continue the titration cautiously, drop by drop, until the 
iodine blue is discharged. A drop in excess will suffice. The action of the 
thiosulphate on the iodine is represented by the equation : 

2NasiS^03> I2 2 Nal + Na2S40e ‘ 

The blue colour of the “starch iodide” returns on exposure to the atmosphere. 
If the solution remains colourless two minutes, the titration may be considered 
finished.* 

If 1 c.c. of the standard solution of sodium thiosulphate represents 
0+)159 grm. of copper oxide, and 25 c.c. of the sodium thiosulphate solution 
be required for the titration, then the solution under investigation contained 
the equivalent of 25x0*0159=0*3975 grm. of copper oxide. 

Influence of Foreign Sabstances . — If the blue colour of the “starch iodide” 
returns almost immediately after a titration, and this again after the addition 
of two more drops of thiosulphate, the titration will probably be unreliable 
owing to the failure to destroy the nitrous acid present in the solution at an 
earlier stage of the operation. Excessive dilution, excessive amounts of 
acetic acid and the presence of sodium or ammonium acetate retard the 
reaction between the copper salt and the potassium iodide. This leads to low 
results. Hence the care recommended above to remove the ammonia. In 
the presence of these retarding agents, the titration is somewhat tedious, since 


iodide, thus decreasing the quantity of potassium iodide initially needed. This modification 
does not give reliable results {see D. Kruger and E. Tschirch, ZexU amil 97, 161, 

1934), but H. VV. Foote and J. E. Vance {Journ. Amer. Chem. 80c. y 57, 845, 1935) have found 
that if a little of a soluble thiocyanate be added towards the end«point of the usual iodine 
titration results are obtained comparable with the beet volumetric methods. See also 
J. Bitskei, Zeit. anal. Chem., 102, 35, 1935. 

^ Standard Solution of Sodium. Thiositlphate. — D issolve 12 grma. of the pure anhy- 
drous salt in a litre of pure, recently boiled distilled water. If the hydrated salt is used, take 
19 grms. The latter is first reduced to powder and dried between sheets of blotting-paper. 
After the solution has stood about a fortnight, it is standardised by weighing OdO, 0*15 and 
0*^ grm. of pure electrolytic copper foil separately in three 250 c.c. Erlenmeyer flasks. 
Warm the copper with 5 to U) c.c, of nitric acid (sp. gr. 1*20). Make the volume of the solution 
in each flask up to about 25 c.c., and evaporate on a steam bath in order to expel red fumes 
nitrogen oxides. Then treat each solution as indicated in the text. W. C. Grant, Chemist-^ 
Analyst, 13, 21, 1915. For the stabilisation and standardisation of thiosulphate solutions 
for ^is process, see A. H. bow, Chemist^Analyst, 30, 18, 1920; L. O. Hill, Ind. Eng. Chem. 
Anal. Ed., 8, 200, 1936. 

* If the end-point does not appear before 25 c.c. of the thiosulphate have been added, add 
^ potassium iodide. At this stage J. R. Caldwell {Joum. Amer. Chem. 80c., 

57, w, 1935) recommends the addition of 0-5 to 1 c.c. of a 4 cent, alcoholic solution 
of wmte drop by drop. The liquid is stood for 30 seconds before completing 

the titration. The addition of the shellac prevents th^ blue starch-iodine complex being 
oar^ down by the precipitated cuprous iodide and the end-point is said to be much sharper. 
XT lODiNB. — ^For the recovery of iodine from cuprous iodide, see P. T, van 

VoMrt, 0^. ITertft&rf. as, m, 440 , 1931; J. J. Hansma, ib.. aS, 183, 1931. Foj tlw 
ceoovoty of iodine bom the aqneoua leridues, see footnote 3, pa^ 289 . 
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the “after- blueing” has to be followed up for a long time. The presence of a 
large amount of alkali salts - particularly sulphates and nitrates — leads to 
wrong results. 

Ferric acetate liberates iodine from potassium iodide; ferric phosphate 
does not. Hence, if a little iron be present, some recommend the addition of 
sodium phosphate.^ If much iron be present, the copper should first be 
separated as suli)hide, metal or thiocyanate. Bismuth forms a brown- 
coloured iodide which is very like the colour of the iodine in solution and it 
also imparts a dirty green colour to the starch indicator, so that the change 
is not from blue to colourless, but from dirty green to yellowish-white. Hence, 
while bismuth does not actually interfere, its presence obscures the end-point 
and too much thiosulphate may be run in before the starch is added. Lead, 
arsenic and antimony interfere ^ with the determination and should be removed 
before titrating.^ Lead may be removed as sulphate, bismuth as phosphate, 
or both as peroxides by hydrogen peroxide in alkaline solution (page 362). 

Errors . — The chief points requiring attention are :--(!) Errors due to the 
use of insufficient potassium iodide; (2) too much acid liberates iodine from 
potassium iodide in presence of air, but sufficient acid must be ])re8ent to give 
a prompt liberation of iodine and a sharp end-point during the titration — 
sulphuric and acetic acids can be used; nitric and hydrochloric acids are not 
so good; (3) loss of iodine by volatilisation (page 302); (4) the solution to be 
determined should occupy as small a volume as j)ossible and be titrated with as 
dilute a solution of thiosulphate as is consistent with a good end-point; and 
(5) the end-point is modified in the presence of a large excess of cuprous iodide. 
The mixture of starch and cuprous iodide, just before the end-point is reached, 
assumes a chocolate- brown coloration, and this changes to a pale buff colour 
with the last necessary drop of thiosulphate. The end-jioint has occurred 
when another drop of thiosulphate does not diminish the prevailing light tint 
of the mixture. 8o long as a drop of thiosulphate falling on the quiet surface 
of the liquid under titration produces a perceptible white area, the end-point 
has not been reached. 


§ 176. The Evaluation of Copper Oxide and Carbonate. 

Dissolution of the Copper Oxide. — Digest, say, 0»5 grm. of the oxide or 
carbonate on a hot plate with sulphuric acid or with 6 to 10 c.c. of nitric acid 
(sp. gr. 1*4) and 7 c.c. of sulphuric acid (sp. gr. 1*84). Heat the solution until 
the excess of sulphuric acid has been nearly expelled. Calcined copper oxide 
dissolves rather slowly, while copper oxide which has not been calcined at a 


^ L. Moser {Zeit. anal. Ghem., 43 , 597, 1904) adds an excess of sodium pyrophosphate 
— Na 4 p 207 — ^to determine copper in the presence of arsenic and iron by the iodine process. 
Complex phosphates are formed; of these, the copper salt is alone decomposed by acetic acid. 
H. Ley, Okem. Zlg., 41 , 763, 1917; I. M. Kolthoff, 16 ., 42 , 609, 1918; I. W. Wark, Joum. 
Ghent. Soc., 121 , 358, 1922; F. L. Hahn and H. Windisch, Rer., 56 B, 598, 1923, all recommend 
the use of phosphates. Anon. {Journ. Soc. Ghem. Ind., 34 , 462, 1915; H. F. Bradley, Ghemist- 
Andlyat, 17 , 14, 1928; B. Park, Ind. Eng. Ghent. Anal. Ed., 3 , 77, 1931) uses alkali fluoride 
to suppress the iron, while A. W 6 ber {Zeit. angew. Ghent., 35 , 336, 1922) precipitates the 
iron as ferric hydroxide by blowing air through the ammoniacal solution at 70^'. For the 
simultaneous determination of copper and iron, see H. Ley (Lc.) and I. W. Wark 

* According to Femekes and Koch (footnote 4 , page 365), cadmium, ainc. aluminium, 
ars^c, antimonic and stannic salts do not interfere. For the determinationof arsenio and 
copper in mixed solution, see I. M. Kolthoff and C. J. Cremer, Pharm, WeeUMi 58 , I620> 
1921. 

* C. and J. J. Beringer, A Textbook 0 / Asaaying^ London, 201, 1908. 
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high temperature disHolves quickly. When cold, add 25 c.c. of water ^ and, 
if necessary, filter. 

Precipitation of the Copper . — Place two strips of metallic aluminium ^ — say 
15 cm. by 2*5 cm. by 1 mm.— in the solution so that one end of each strip rests 
against the side of the beaker. Cover the beaker with a clock-glass to prevent 
loss by spurting^ and heat the solution to boiling. Metallic copper is pre- 
cipitated. When all the copper is precipitated — about a quarter of an hour — 
decant the liquid through a 9 cm. filter-paper. Wash the copper * on the 
aluminium plates and on the filter-paper with a weak solution of hydrogen 
sulphide in air-free water to prevent oxidation of the copper. Reject the 
filtrate and washings.® 

Dissolution of the Copper . — Dissolve the copper from the aluminium plates 
in a slight excess of nitric acid (sp. gr. 1 *3) and remove the plates from the 
beaker. Pour the solution through the filter-paper and collect the filtrate in a 
second beaker. Wash the first beaker and the filter-paper and then treat the 
solution as described under de Haen/s process (page 367), care being taken to 
expel nitrous acid from the solution. 

Errors . — The Committee of the American Chemical Society, ‘‘On Uni- 
formity in Technical Analysis,’’® reported in 1904 that the following numbers 
represent tlie extremes sent in by nineteen analysts for a sample of cupriferous 
slag:— 

SiOg. Fe. xVlaOg. OaO. Mj;0. Zn. Mn. Cii. S. 

Highest . 35-15 32-20 7-16 13-53 3-21 4-25 1-53 0-46 1-98 

Lowest . 31-27 30-33 3-24 10-73 1-(X) 1-87 0-11 0-20 1-45 

The remarks made on the analyses of the argillaceous limestone, on page 245, 
are applicable here.'^ 


^ Copper is slightly soluble in ooncentrated sulphuric and hydrochloric acids; hence the 
acidity of the solution should be feeble. 

® The precipitation by aluminium is quantitative when acids, other than sulphuric acid, 
are absent. D. Tommasi, Bull. Soc. chim.^ (2), 37 , 443, 1882; ih., (3), 17 , 440, 1897; Chem. 
News, 46 , 62, 1882; A. H. Low, Journ. Amcr. Chem. Soc., 18 , 458, 1896; G. E. Perkins, ih., 
24 , 478, i902; Chem. News, 86 , 86, 1902; E. V. V^idegren, Zeit. aiial. Chem., 48 , 539, 1909; 
E. E. Kem and M. H. Morris, School Mines Quart., 35 , 1 , 1914; J. B. Senderens, Bull. Soc. 
chim., (3), 15 , 208, 1896. For magnesium: A. Villiers and F. Borg, Compt. rend., xi 6 , 1524, 
1893; E. G. Bryant, Chem. News, 76 , 30, 1897; S. A. Sworn, ib., 76 , 59, 1897. See also 
page 309. For zinc: G. H. ITaff, Handbueh der analytischen Chemie, Altona, 269, 1822; 
P. Mohr, ZeiL anal. Chem., i, 143, 1862; C. Ullgren, ib., 7 , 442, 1868; F. Field, Chem. News, 
I, 62, 73, 1860. f’or cadmium; A, Classen, Jowr?!. prakt. Chem., (1), 96,259, 1865. For 
iron: A. A. Julien, Cnem. News, 24 , 9, 1871 (page 170). The iron should dissolve uniformly 
without the separation of black particles and the formation of ridges on the surface. 

• Cadmium used in plac^e of aluminium does not spurt so much. 

* The copper film has its own characteristic red colour. If the solution contained any 
arsenic or antimony, the copper will be contaminated and appear dirty browm. 

* At this stage Field washed, dried and weighed the metallic copper. He found that the 
copper precipitated by either zinc or iron always contained traces of these metals; at the same 
time, a small amount of copper in the primary solution always escapes precipitation. In 
commercial analyses. Field considers that the small amount of foreign metal precipitated with 
the copper compensates for that left in the primary solution. 

• Joum. Amer, Chem. Soc,, 26, 1644, 1904. 

^ For the simultaneous determination of copper, cuprous and cupric oxides in admixture, 
see D. Nishida and K. Hirabayashi, Journ. Chem, Inid. Japan, 26, 1123, 1923; S. Zerfoss 
and M. L. Willard, Ind. Eng. Chem. Afial. Ed., 8 , 303, 1936; and for copper-cuprous oxide 
mixtures, W, D, Bonner and B. D. Kaura, Ind. Eng. Chem., 19 , 1288, 1927; L. C. Hurd and 
A. E. Clark, ib.. Anal. Ed., 8 , 380, 1936. 
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§ 177. The Colorimetric Determination of Copper— 
Carnelly's Ferrocyanide Process. 

In cases where but small quantities of copper are likely to be present, in red 
lead, for example, the copper is usually determined colorimetrically,^ from the 
intensity of the colour of ammoniacal,^ ferrocyanide,^ bromide * or chloride ® 
solutions. 

Potassium ferrocyanide, in acid solutions of copper, produces an earthy 
brown coloration which can be detected when 1 part of copper is present in 
1,000,000 parts of solution. In neutral solutions, 1 part of copper can be 
detected in 1,500,000 parts of solution; and in neutral solutions containing 
ammonium nitrate, 1 part of copper can be detected in 2,500,000 parts of 
solution.® Hence the ferrocyanide test is made with neutral solutions in the 
presence of ammonium nitrate. The sensitivity is similarly increased if 
ammonium chloride be substituted for the nitrate. 

The Standard Solution . — Pipette 1 c.c. of an aqueous solution of potassium 
ferrocyanide ’ into a 100 c.c. flask; add 5 c.c. of an aqueous solution of 


^ A. E. von Hubert, Berg. Hutt. 7Ag., 8, 667, 1840; 10, 804, 1851 ; V. Eg^?ertz, lb., 21, 218, 
1862; Zeit. anal. Chem., 2, 434, 1863; F. Dehms, ib., 3, 218, 1864; IHaglers Journ., 172, 
160, 1864; G. Panten, ib., 170, 391, 1863; C. Stammer, ib., 159, 641, 1861; A. Payen, ib., 
27, 372, 1828; V. A. Jacquolain, Joum. prakt. Chem., (1), 46, 174, 1849; A. Muller, ib., (1), 
60, 474, 1853; Zeit. anal. Chem., 2, 434, 1863; M. Bergeron and L. I’HOte, Compt. rend., 80, 
268, 1875; J. Wagmeister, Oester. Zeit. Berg. Hutt., 13, 270, 1865; J. Parry and J. .1. Morgan, 
Chein. News, 67, 259, 1893; T. P. Blunt, ib., 32, 3, 1875; 33, 7, 1876; M. M. P. Muir, ib., 
33, 11, 1876; M. W. lies, ib., 34, 16, 1876; M. Lucas, Bull Soc.. chim., (3), 19, 815, 1898; 
Chem. News, 79, 67, 1899; G. L. Heath, Joum.. Amer. Chem. Soc., 19, 24, 1897 ; J. D. A. Smith, 
Trans. Amer. Inst. Min. Eng., 30, 851, 1900; L. W. Winkler, Zeit. angew. Chem., 26, 38, 1913; 
E. R. Budden and H, Hardy, Analyst, 19, 169, 1894; S. G. Clarke and B. Jones, ib., 54, 333, 
1929; C. Pyriki, Zeit. anal. Chem., 64, 325, 1924; A. B. Shakhkeldian, Journ. Appl. Chem. 
Russia, 2, 475, 1929; R. Biazzo, Ann. Chim. appl., 16, 96, 1926; 1>. L. Drabkin and C. S, 
Waggoner, Joum. BioL Chem., 89, 51, 1930. 

* G. Bischof, Dingier' s Joum., 184, 433, 1867; J. Milbauer and V. Stanek, Zeit. anal. 
Chem., 46, 644, 1907 ; A. Austin, Min. Eng. World, 33, 753, 1910; B. S. White, Ind. Eng. Chem., 
7, 1035, 1915; 1. F. Ilchenko and K. M. Stakhorskyi, Ukrain. Khem. Zhur., 3, 237, 1928. 
According to A. Jaworowsky {L'Orosi, 19, 195, 1896), the colour reaction is much more 
sensitive if a drop or two of phenol be added to the ammonia. 

* T. Carnelly, Chem. News, 32, 308, 1875; W. B. Pritz, A. Guillaudeu and J. R. Withrow, 
Journ. Amer. Chem. Soc., 35, 168, 1913; Chem. News, 109, 134, 1914; L. W. Winkler, Zeit. 
angew. Chem., 27, 544, 1914; R. F. Heath, Min. Scientific Press, 114, 624, 1917. Compare 
L. A. McDowell and H, L. Johnston, Journ. Amer. Chem. Soc., 58, 2010, lkl6. 

* G. Deniges and E. Simonot, Journ. Pharm. Chim., (7), ii, 186, 1915. 

* N. V. Mandrika, Zhur. Prikladnoi Khem., 2, 317, 1929. 

* This is nearly the same delicacy as hydrogen sulphide, which gives a brown coloration 
with copper solutions when 1 part of copper is present in 2,500,000 parts of solution — A. 
Wagner, Zeit. anal. Chem., 20, 349, 1881; A. Castiglioni, Zeit. anal. Chem., 97, 270, 1934. 
The ammonia test is one-tenth as sensitive as the ferrocyanide test. — A. J. Coowr, Journ. 
Soc. Chem. Ind., 5, 84, 1886. The hydrogen sulphide reaction is not recommended for the 
colorimetric test because of the disturbing effects of lead. For the colorimetric determina- 
tion of copper by sodium diethyldithiocarbamate, see T. Callan and J. A. R. Henderson, 
Analyst, 54, 650, 1929; L. A. Haddock and N. Evers, ib., 57, 495, 1932; R. W. Thatcher, 
Joum. Amer. Chem. Soc., 55, 4524, 1933; W. D. McFarlane, Biochem. J., 26, 1022, 1932; 
W. R. G. Atkiiis, Joum. Marine Biol. Assoc. U.K., 1% 63, 1933; H. W. Moseley, A. G. 
Rohwer and M. C. Moore, Science, 79, 507, 1934; L. W. Conn, A. H, Johnson, H. A. Trebler 
and V. Karpenko, Ind. Eng. Chem. Anal. Ed., 7, 16, 1935; E. Laget, Ann. Chim. anal. Chim. 
appl., ty, 145, 1935. For the determination ii copper (also zinc and lead) in silicate rooks 
by diphenyltfaiocarbazone, see E. B. Sandeil, Ind. Eng. Chem, Anal. Ed., 9, 464, 1937; 
E. Stolze, Bodenk. Pfianzenemdhr., i, 115, 1936. 

’ Potassium Fbbboctanibe Solution. — D issolve 1 grm* of potassium ferrpoyaride in 
26 c.c. of water. 
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ammonium nitrate,^ and make the solution up to 100 c.c. with distilled water. 
Transfer this solution, or an aliquot portion, to the right test glass of the 
colorimeter. 

The Test Solution. — The solution under investigation must be neutralised.® 
If free potash be present, it is first neutralised by a slight excess of acid, then 
a slight excess of ammonia is added. Boil off the excess of ammonia until the 
solution is neutral. If the solution is acid, add a slight excess of ammonia and 
boil off the excess until the solution is neutral. Make the cold solution up to 
a definite volume, say 100 c.c. Pipette 1 c.c. of the solution of potassium 
ferrocyanide into a 100 c.c. flask; add 5 c.c. of the ammonium nitrate solution 
and then add an aliquot portion, say 50 c.c., of the solution under investigation. 
Make the solution up to the mark with water. Transfer the whole solution, 
or an aliquot portion, to the left test glass of the colorimeter. 

The Comparison. — Fill a burette with a standard solution of copper sul- 
phate.® The burette may read to, say, ^*^th c.c. Run the copper sulphate 
solution gradually from the burette into the right test glass of the colorimeter, 
with constant stirring, until the tints of the test solution and the standard 
solution are the same. 

Calculations . — A gram of red lead gave a solution which was made up 
to 100 c.c. 100 c.c. of the standard solution needed 0*78 c.c. of a standard 
copper solution to produce uniformity of tint. The 0*78 c.c. of the standard 
copper solution contained 0*000078 grm. of copper oxide. Hence 100*78 c.c. 
of the standard contained the same amount of copper oxide as the 100 c.c. of 
the given sample. Thus the sample contained 0*0078 per cent, of copper 
oxide. 

Accuracy of the Results. — The following results illustrate the accuracy of the 
process with solutions containing known quantities of copper oxide: — 

OuO used . 100 10 M5 0*9 0*8 0*7 0*5 mgrm. 

CuO found. 102*01 11*2 M9 0*91 0*82 0*71 0*52 mgrm. 

The amount of copper oxide so determined is rather too high with the more 
concentrated solutions, but the results are quite good with small quantities. 

Influence of Foreign Substances. — With moderate proportions an excess 
of the ferrocyanide solution does not affect the accuracy of the method. 
Similar remarks apply to the ammonium nitrate. For example, no difference 
could be detected by Carnelly in the results obtained with solutions containing 
5 and 15 c.c. of the respective salt solutions. Ammonium chloride, sodium 
chloride, calcium chloride, calcium sulphate, magnesium sulphate and sugar 
did not appear to affect the results. It is, however, best to destroy the organic 
matter, if present, by evaporation with nitric acid. 

Influence of Lead. — Lead salts form a white precipitate with potassium ferro- 
cyanide which does not interfere with a comparison of the colours. Carnelly 
made up a solution containing 2 grms. of lead nitrate (1*25 grms. Pb) with 
0*255 grm. of copper nitrate in a litre of water. Varying proportions of this 
solution were taken, with the following results: — 

Cu used . . 0*77 0*70 0*49 0*51 0*35 mgrm. 

Cu found . 0*80 0*75 0*51 0*49 0*38 mgrm. 


^ Ammonium Nitrate Solution. — Dissolve 100 grms. of the salt in a litre of water. 

* Free acids make the tint paler, free ammonia (Sssolves the precipitate produced by the 
ferrocyanide and free potash decomposes it. 

* Standard Solution of Copper Sulphate. — D issolve 0*3 13S grm. of pure copper 
animate — CUSO4.5H1O — in a litre of water. One c.c. of the solution contains 0*0001 grm. 
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Hence relatively large amounts of lead haye no appreciable effect on the 
accuracy of the comparison. 

Influence of Iron , — If iron be present, the solution is oxidised with a few 
drops of nitric acid and evaporated to a small bulk. Precipitate the iron with 
ammonia, filter and wash. Dissolve the precipitate in nitric acid and re- 
precipitate with ammonia. Filter and wash. Mix the filtrates and boil the 
solution to drive off the ammonia. The following represent the results obtained 
with varying amounts of iron,^ which were separated before the copper was 
determined : — 


Fe used 

. 0 

0-20 

2*40 

3*G0 mgrm 

Cu used 

. 0-66 

0-51 

()-61 

0*76 mgrm 

Cu found 

. 0-66 

0*53 

0-69 

0*79 mgrm, 


The results are therefore quite satisfactory.^ 

§ 178. The Determination of Copper with a-Benzoin Oxime 

(“Cupron’^). 

The use of certain organic precipitants enables copper to be determined 
gravi metrically when the amount of metal present is so small that otherwise 
a colorimetric method would have to be adopted. Of these reagents probably 
a-benzoin oxime is the best known and most satisfactory.® 

Dilute ammonia solution is added in liberal excess to the neutral solution of 
copper,^ containing little, if any, ammonium salts. The solution is heated to 
boiling and a 4 per cent, alcoholic solution ^ of a-benzoin oxime added 
dropwise until the blue copper colour disappears. The solution is then filtered 
through a weighed Gooch crucible, or a sintered glass filter crucible, dried at 
110°, The green precipitate is washed first with a hot 1 per cent, solution of 
ammonia until free from mineral salts, and then with hot alcohol to remove 
excess of the precipitant, if any. After drying at 110°, the precipitate is 
weighed as Ci^HnOgNCu, with 22*02 per cent, of copper.® 

§ 179. The Gravimetric Determination of Cadmium as Sulphate. 

Precipitation as Cadmium Sulphide, — When hydrogen sulphide is passed 
through a solution containing more than 0*25 grm. of crystalline cadmium 
sulphate in 100 c.c. of water, cadmium sulphide separates as a canary yellow 
curdy precipitate which quickly settles, leaving the supernatant liquid yellow 
and opaque. If the mixture be heated to boiling, the precipitate becomes 

^ Small amounts of iron are determined by the thiocyanate process (page 185). 

* M. Fromraes {Zeit. anal. Chem., 97 , 36, 1934) reviews some of the more recent work on 
the determination of copper. 

» F. Feigl, Ber., 56 B, 2083, 1923; F. Feigl, G. Sicher and O, Singer, i 6 ., 58 B, 2294, 1925; 

R. Strebinger, Mikrochem,^ i, 72, 1923; E. Azzalin, Ann. Chim. appl.^ 15 , 373, 1925; H. A. 
Kar, Ind. Eng, Chem. Anal, Ed,, 7 , 193, 1935; Z. Gruzewska and G. Roussel, Compt, rend, 
80c, bioL, 121 , 289, 1936. 

* The solution should contain not more than about 0*05 grm. of copper. 

® The amount of benzoin oxime used should be about four times the weight of copper 
present. 

* For the determination of copper with 8 *hydroxyquinoline, see R. Berg, Zeit. anal, 
Chem., 70 , 341, 1927; J. Calvet, Compt. rend,, 195 , 148, 1 ^ 2 ; with 5 : 7-dibromo-8'hydroxy- 
quinoUne, L. W. Haase, Zeit, anal. Chem., 78 , 113, 1929; with salicylaldoxime, F. Ephraim, 
Ber., 63 B, 1928, 1930; i 6 ., 64 B, 1210, 1215, 1931; W. Reif, Zeit. anal. Chem., 88 , 33, 1932; 

S. Astin and H. L. Riley, Journ. Chern. 80c., 314, 1933; H. L. Riley, ib,, 895, 1933; E. 
Azzarello and A. Accardo, Ann. Chim. appl., 23 , 483, 1933; M. Ishibashi and H. Kishi, 
Joum, Chem, 80c. Japan, 55 , 1060, 1067, 1934; F. Alton, B. Wandrowsky and E. Knippen- 
berg, Mihroohem., 20 , 74, 1936; M Chambers, Chemisi-Analyet, 26 , 52, 1937; I. Ubadditu, 
Chim. e Ind. (Italy), 19 , 65, 1937; J. Mironoff, Bull 80c, chim, Bdg,, 45 , 1, 1936. 
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orange-yellow ^ and the supernatant liquid is left almost clear and colourless. 
With solutions containing about 0*01 grm. of the sulphate, there is no precipi- 
tate and the solution is distinctly yellow. On standing for 24 hours, however, 
the colloidal sulphide, to which the colour of the liquid is due, coagulates and 
precipitates. Hydrochloric acid has a solvent action on the sulphide. Thus 
Meldrum found that for w grm. of crystalline cadmium sulphate per 10 c.c. of 
water, v c.c. of concentrated hydrochloric acid were required to dissolve the 
resulting sulphide, the corresponding values of w and v being indicated below: — 

w, . . 0-050 0-040 0-030 0-020 0-010 0-005 0-0025 grm. 

V at 10° . 3-0 3-5 3-0 2-5 2-0 1-5 1-5 c.c. 

V at 100° . 1-0 0-8 0-8 0-8 0-5 0-4 0-3 c.c. 

Hence the failure to precipitate all the cadmium sulphide may be due to the 
presence of an excess of hydrochloric acid or to the liberation of this acid when 
chlorides are decomposed by hydrogen sulphide^: — MCl^ + H28 = MS + 2HC1. 
If 100 c.c. of the solution contain not more than the equivalent of 14 c.c. of 
hydrochloric acid (sp. gr. 1*12), the separation of cadmium sulphide will be 
complete in the cold, but if over 20 c.c. of this acid be present no precipitate 
will be formed in cold solution. At 70°, 5 c.c. of an acid of s]). gr. 1-01 is the 
limit for complete precipitation and 19 c.c. of this acid, per 100 c.c. of solution, 
completely inhibits precipitation at this temperature.*^ Consequently the 
adjustment of the acidity of the solution needs careful attention. Sulphuric 
and acetic acids have a much smaller solvent action. The separation of 
cadmium sulphide is complete in dilute sulphuric acid (sp. gr. 1-19) in the cold. 
If but 5-40 c.c. of this acid be present in 100 c.c. of solution, the precipitate is 
finely divided and difficult to filter; with 40-70 c.c., the precipitate is more 
compact and easier to filter; and with 70-100 c.c. of this acid in 100 c.c. of 
solution the precipitation is complete, but the gas must be conducted through 
the solution a long time. In hot solutions (70°), if over 30 c.c. of this acid be 
present, traces of cadmium will remain in solution. The optimum acidity is 
given variously as from 3 to 13 c.c. of concentrated sulphuric acid per 100 c.c.^ 
but about 7 to 8 c.c. is the most favoured value. 

If any cadmium should be present, it will be found in the slightly acid 
filtrate from the copper thiocyanate. Accordingly, adjust the acidity of the 
solution so that it contains from 7 to 8 c.c. of free sulphuric acid per 100 c.c., 
heat to about 70° and pass hydrogen sulphide through it until cold; cadmium 
sulphide, more or less contaminated with double salts,^ will be precipitated.® 


* The colour of the precipitate is determined by the nature of the mother liquid, 
temperature, etc. The colour of the cadmium sulphide may vary from light yellow to an 
orange-brown. N. von Knobukow, Joum. 'prakt. Chem,^ ( 2 ), 39 , 412, 1889; G. Buchner, 
Chem, Ztg,, ll, 1087, 1107, 1887. 

* For the equilibrium CdClj-f CdS-f2HCl, see W. Manchot, G. Grassl and A. 

Sohreeberger, Zeit, anal. Ch 4 >m., 67 , 177, 1925. 

* O. Follenius, Zeit, anal. Chem,, 13 , 411, 1874. 

* O. Follenius, Zeit. anal. Chem,, 13 , 411, 1874; R. Meldrum, Chem, News, 79 , 170, 1899; 
E. T. Allen and J. L. Crenshaw, Zeit. anarg. Chem,, 79 , 125, 1913; W. D, Treadwell and 
K. S. Guiterman, Zeit. anal. Chem., 52 , 459, 1913; W. Cooper, Chem. News, iio, 250, 1914; 
E. Bchramm, Janm, Ind. Eng. Chem., ii, 110, 1919; L. W, Winkler, Zeit. angew. Chem., 34 , 
383, 1921; G. Luff, Zeit, anal. Chem,, 65 , 97, 1924; J. G. Fairchild, ChemiM- Analyst, 20 , 5, 
1931; W. N. Stull, Journ, Amer. Chem. 80 c., 23 , 508, 1901. 

» E,g, CdS.CdCl*; CdS.CdSO*— O. Follenius, Zeit. anal. Chem., 13 , 411, 1874. 

* If zinc is present, the sulphide precipitated from 4 to 5 N“H 2 S ()4 solution should be 
redissolved in dilute hydrochloric acid ( 1 : 1 ) and reprecipitated with hydrogen sulphide — 
W* D. Treadwell and K. S. Guiterman (l.c.). According to G. Luff {l.c.), a cleaner separation 
of cadmium from zinc is effected if ammonium sulphate be present in the solution. See also 
K* Chalufniy and K. Breisoh, Chem, Ztg,, 48 , 349, 1924. 
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Conversion of the Sulphide to Sulphate , — The sulphide is filtered; washed 
with water containing about 5 per cent, of ammonium nitrate ; dissolved in hot 
hydrochloric acid (1:3); and heated on a water bath with a slight excess of 
sulphuric acid. The solution is then evaporated to dryness in a weighed 
platinum crucible supported over a ring burner, so that there may be no loss 
by spurting. The crucible is then placed in a larger crucible, and heated to 
redness ^ until no more white fumes of sulphuric acid are evolved. Cool in a 
desiccator. If the sulphate is tinged with a yellow colour, some oxide is 
present. In that case, add a drop of sulphuric acid to moisten the mass 
and again ignite. Cool in a desiccator and weigh as cadmium sulphate — 
CdS 04 . The cadmium sulphate so obtained should be white in colour and 
dissolve to a ])erfectly clear solution in water. Every gram of cadmium 
sulphate — CdS 04 — corresponds with 0‘6159 gram of cadmium oxide — CdO. 
The results are excellent.^ For instance, Follenius found with solutions 
containing 0*4036 grm. of cadmium sulphate: 

CdS 04 found . 0*4036 0*4036 0*4033 0*4038 grm. 

Error . . 0 0 -0*0(X)3 +0*0002 grm. 

§ i8o. The Volumetric Determination of Cadmium —Berg^s Process. 

The cadmium may be determined volumetrically, instead of gravimctrically 
as sulphate, when a standard solution of iodine is available.^ Collect the 
precipitated cadmium sulphide on a filter-paper or in a Gooch crucible packed 
with asbestos. Wash the precipitated sulphide with air-free water and transfer 
it by washing with 250 c.c. of air-free water to a 500-c.c. Erlenmeyer’s flask. 
An excess of iodine solution^ is added along with 10 c.c. of hydrochloric 
acid (sp. gr. 1*19). The reaction which occurs is represented by the equation : 

CdS + 2HC1 + 12 = CdClg + 2HI + 8 


^ On evaporating a solution of cadmium sulphate with sulphuric acid, (Tystals of 
CdS 04 .H 20 are formed (B, Kiihn, Arch. Pharm., (2), 50 , 286, 1847; SchweiggePs Journ.^ 60 , 
344, 1830; K. von Hauer, Journ. prakt. Chem., ( 1 ), 64 , 477, 1855; ( 1 ), 72 , 372, 1857; 
G. Wyrouboff, Bull. Soc. Min., II, 275, 1888; 12 , 366, 1889; F. Mylius and 11. Funk, Her,, 
30 , 832, 1897; Zeit. anorg. Chew., 13 , 157, 1897; M. de Sehulten, Compt. rend., 107 , 405, 
l 888 ). At the water of crystallisation is given off and anhydrous cadmium sulphate 
is obtained. Cadmium sulphate can be heated for a long time at a red heat, under the 
conditions described in the text, without decomposition. At a still higher temperature, the 
sulphate begins to decompose, first acquiring a yellow tint and finally passing to a dark 
brown-coloured oxide. If ammonium chloride be present, ammonium sulphate and cadmium' 
chloride may be formed. 

® H. Rose, Atutfiihrliches Haudbuch der analytiachen Che.mie, Braunschweig, 2 , 149, 1871; 
0. Follenius, ZeAt. anal, Chem., 13 , 272, 1874; A. Carnot, Compt. rend., 102 , 621, 1886; 
Bull. 80 c. chim,, (2), 46 , 812, 1886; H. Baubigny, Compt. rend., 142 , 677, 792, 959, 1906; 
W. Cooper, Chem. Newa, no, 250, 1914; L. A. Congdon and R. C. Canter, ib., 128 , 116, 
1924; P. N. Das-Gupta and H. *Saha, Jemrn. Indian Chem, 80 c., 8 , 19, 1931. 

* P. von Berg, Zeit. anal. Chem., 26 , 23, 1887; H. Enell, ib., 54 , 537, 1915; E. J. Ericson, 
Journ. Ind. Eng. Chem., 9 , 671, 1917; L. A. Congdon and R. C. Canter, Ch^m. News, X 28 » 
116, 1924; E. J. Kraus, Chem. Ztg., 50 , 281, 1926. This process is extensively used for the 
determination of sulphur in iron and steel. The sample is treated with hydrochloric acid 
and the evolved hydrogen sulphide passed through a solution of cadmium chloride or acetate, 
thereby precipitating cadmium sulphide. For alternative volumetric processes for the deter- 
mination of cadmium, see H. Enell (l.c.)\ K. Cernatesco, Bull. Acad. 8 ci. Roumaine, 8 , 43, 
1922; L. A. Congdon and R. C. Canter (l.c.); R. C. Wiley, Ind. Eny. Chem. Anal. Ed,^ 3 , 
14, 1931. 

^ 7*917 grms. of iodine, and 16 grms. of potassium iodide per litre. 2 grm. of iodine 
corresponds with 0*6069 grm. CdO. Hence 1 c.c. of iodine represents 0*001 grm. of sulphur 
or 0*004005 grm. CdO. 
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Dilute the solution to about 300 c.c., and titrate the excess of iodine with a 
standard solution of sodium thiosulphate, as indicated for copper (de Haen’s 
process, page 367).^ 

§ 181. The Electrolytic Determination of Cadmium — 
Beilstein and Jawein’s Process. 

The electrolytic process for cadmium (page 255) generally gives more 
accurate results than gravimetric or volumetric processes. The following 
method is due to Beilstein and Jawein.^ 

The Electrolyte. — Add a drop of phenolphthalein to a solution of a cadmium 
salt containing, say, 0*5 grm. of the sulphate or acetate. Then add potassium 
hydroxide until a permanent red colour is obtained. Cadmium hydroxide is 
precipitated. Add a solution of 98 per cent, potassium cyanide, slowly, with 
constant stirring, until the precipitate is all redissolved. An excess of the 
potassium cyanide disturbs the action.® Make the solution up to about 150 c.c. 

The Electrolysis. — The solution so prepared is electrolysed in the cold * 
with a current density of 0-5 to 0*7 amp.,® and an electrical pressure of 4*6 to 
5 volts.® In about 6 hours increase the current density to 1*0 -1*2 amps., 
and continue the electrolysis for about an hour."^ If the electrolysis is finished, 
stop the current, wash, dry and weigh the deposited metal in the usual way. 
There is not so much danger of loss by re-solution of the metal when the current 
is stopped as is the case with copper (page 257). 

Preparation of Cadmium Sulphide for Electrolysis. — Cadmium sulphide is 
usually separated in gravimetric analysis. Dissolve this in nitric acid. Expel 


^ For the determination of cadmium as phosphate, see E. H. Miller and R. W. Page, 
Z/fAt. anorg. Chem., 28, 233, 1901; M. Austin, /ft., 22, 207, 1899; Amn. Journ. Scimr.e, (4), 8, 
206, 1899; L. W. Winkler, Zeit. a7igf‘w. Ohem., 34, 466, 1921; Iv. A. Congdon and R. C. 
Canter, Chtni. 128, 116, 1924; as oxide, M. Muspratt, Journ. Soc. Chetn. Ind,, 13, 

211, 1894; P. K. Browning and L. C. .lones, Zeit, anorg. Chnn., 13, 10, 1897; Amcr. Journ. 
Science, (4), 2, 269, 1896; A. .1. Whittstat, Chemist -A milyM, 17, 21, 1916; L. A. Congdon 
and R. C. Canter (/.c.); as <?arbonate, E. H. Miller and R. W. Page (f.c.); as oxalate, L. A. 
Congdon and H. C. Canter (t.c.); J. Dick, Zeit. (mat. Chevi., 78, 414, 1929; as ferrocyanide, 
G. LuflF, Chem. Zty., 49, 513, 1925 ; Zeit , anal. Chern.f 65, 97, 1924/25 ; as metal (by 
distillation), H. ter Meulen and H. J. Ravenswaay, Sec. True, chim., 48, 198, 1929. For 
precipitation by pyridine, see 8. Kragen, Manats., 37, 391, 1916; G. Rotter, Zeit. anal. 
Che.m.., 64, 102, 1924; G. 8pacu and J. Dick, /ft., 73, 279, 1928; by 8-hydroxyquinoline, 
R. Berg, tft., 71, 321, 1927; by jS-naphthaquinoline, R. Berg an<i O. Wurm, Ber., 60B, 1664, 
1927. For a review of methods for the determination of cadmium, see K, Heller and 
F. Machek, M ikrfx^hem., 19, 147, 1936. 

* F. Beilstein and L. Jawein, Ber., I2, 7.59, 1879; A. L. Davison, Journ. Amer. Chem. Soc., 

27, 1275, 1905; L. G. Kollock and E. F. Smith, fft.. 27, 1527, 1905; W. D. Treadwell and 
K. S. Guiterman, Zeit. atial. Chem., 52, 459, 1913; M. Muspratt, Journ. Soc. Chem. Ind., 13, 
211, 1894; S. Avery and B. Dales, Journ. Amer. Chein. Soc., 19, 379, 1897; F. C. Mathers 
and H. M. Marble, Trans. Amer. Electrochem. Soc., 25, 297, 319, 1914; Report, Journ. Ind. 
Eng. Chem., 7, .548, 1915; J. Guzman and P. Poch, AnaUs Soc. Espan. Fis. Quitn., 15, 
235, 1917; E. F. Smith, Elexiro’ Analysis, Philadelphia, 91, 1918; E. Biittgenbach, Zeit. 
anal, Chem,, 6$, 452, 1925; A. Jilek and J. Lukas, Chem. Listy, 20, 18, 1926. 

* E. H. Miller and R. W. Page, Scho<d Mines Quart., 22, 391, 1901; Zeit. anorg. Chem., 

28, 233, 1901. 

* For hot solutions, 60®-60°, a current density of 01 -0-3 amp. and 3*3-4*5 volts will 
require between 5 and 6 hours. 

® The metal is not all precipitated after 12 hours with a current density of 0*5 amp. If 
lamp, be employed at the start, the deposit is non-coherent, and liable to drop off. 

* If left overnight, use a current density of 0 06 amp. and 3-2 volts. 

^ Test the solution for cadmium by acidifying a few drops with hydrochloric acid; boil 
to expel the hydrocyanic acid (note the gas is very poisonous); add a little HsS water; a 
yellow precipitate shows that cadmium is still present. 
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the excess of acid by evaporation. Dissolve the dry residue in water, add 
potassium hydroxide and then proceed as indicated above. 

Removal of the Cadmium from the Electrode . — The removal of cadmium 
from the cathode presents no particular difficulty. The metal readily dissolves 
in nitric acid, although it dissolves but slowly in hot hydrochloric and sulphuric 
acids. 



CHAPTP]R XXVII. 


THE DETERMINATION OF ZINC. 

§ 182. The Analysis of Silicates containing Zinc Compounds. 

If a silicate containing zinc be treated as indicated for clays, ^ several points 
require special attention. 

Silica Evaporation. — It is highly important to remove all the silica during 
the evaporation for silica, because, when ammonia is added to a solution con- 
taining zinc and silica, in order to remove the iron and alumina,^ a zinc com- 
pound, said to be zinc silicate, will be precipitated. Again, although zinc 
chloride alone does not volatilise below a red heat, if an acid solution containing 
zinc and ammonium chlorides be evaporated to dryness, and gradually heated, 
the chlorides begin to sublime at about 145°. Hence the evaporation of solu- 
tions containing silica, zinc and ammonium chlorides should not be finished at 
temperatures much higher than 100°. 

Ammonia Precipitation. — The addition of ammonia to precipitate iron and 
aluminium hydroxides leads to the simultaneous precipitation of some zinc 


Table XLVII. — Contamination of the Ammonia Precipitate by Zinc. 


Used. 

Zinc found. 

Zinc. 

Iron. 

NH 4 CI. 

Water. 

Ammonia 

solution. 

First 

filtrate. 

Second 

filtrate. 

Total 

zinc. 

Per cent. 

Per cent. 

Grm. 

c.c. 

c.c. 




60 

2 

2 

33 

ry 

59- 10 

0-94 

60-(H 

60 

2 

2 

66 

5 

59- 18 

0-82 

60-CK) 

60 

2 

2 

132 

6 

5902 

1-03 

60 05 

60 

10 

4 

66 

10 

58-87 

1-23 

60-10 

60 

10 

6 

66 

10 

58-90 

1-00 

59-90 


^ Zinc ores are usually decomposed by digestion with acids, say, equal volumes of hydro- 
chloric and nitric acids, and heated on a hot plate until red fumes cease to be evolved. Add 
3*5 grms. of ammonium chloride, and heat the solution until it becomes thick and pasty. 
When the mass is nearly dry, add 30 c.c. of hot water. If silica be present, filter and wash 
thoroughly; if an insoluble residue remains, fuse the ignited mass with a little sodium car- 
bonate, take up the cold residue in dilute hydrochloric acid, and separate the silica by 
evaporation to dryness in the usual way. Add the acid filtrate from the silica thus separated 
to the first filtrate. 

• E. Prost and V. Hassreidter, Zeit. angew. Ghem.^ 5 , 166, 1892; K. Voigt, i 6 ., 26 , 47 , 
1913; W, G. Waring, Joum» Amer* Chem. 80 c., 2 ^ 4, 1904, 

379 
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hydroxide,^ and two, better three, reprecipitations are needed to eliminate the 
zinc from the ammonia precipitate,^ even when zinc alone is to be determined. 
For instance, Waring obtained the results given in Table XLVII. with artificial 
mixtures of zinc with iron after single and double precipitation of the iron. 
In the analysis of three different samples of zinc blende, Waring also obtained 

Table XLVIII. — Contamination of the Ammonia Precipitate by Zinc, 


Total iron 
l)er cent. 

Per cent, of zinc. 

First 

filtrate. 

Second 

filtrate. 

Third 

filtrate. 

8-62 

47-20 

3-fk) 

()-r)8 

8-75 

46-05 

4-75 

0-40 

14-32 

16-50 

2-0.6 

0-65 


It may also be regarded as a general rule that hydroxides precipitated by ammonia 
contain silica and phosphates, unless these substances have been previously 
removed.^ 

Manganese Precipitation. — If manganese be precipitated, before the zinc, by 
one of the usual oxidising agents — bromine, hydrogen peroxide, ammonium 
persulphate — some zinc hydroxide will be precipitated with the manganese 
hydroxide.® According to Waring, in order to prevent the precipitation of 
zinc with the manganese, it is necessary to separate the latter as hydrated 
peroxide, and if the separation be effected from ammoniacal solutions, ‘‘the 
solution should be concentrated and contain a large amount of ammonium 
chloride.’’ 

Precipitation of Zinc as Sulphide. — The zinc can be determined either by 
the volumetric ferrocyanide process, or precipitated as sulphide. White zinc 
hydrosulphide is precipitated from neutral solutions of zinc salts by means 
of hydrogen sulphide,® but not if much over 4 c.c. hydrochloric acid (sp. gr. 
1*12) be present per 100 c.c. It has already been shown, page 271, that the 
accumulation of acid as a result of the reversible reaction ZnClg + 

ZnS-f 2HC1 causes re-solution of the zinc sulphide as fast as it is precipitated."^ 

^ According to G. Bertrand and M. SavUlier {Bull. Soc. chim., (4), i, 63, 1907), crystals 
of calcium zincate — CaH2Zn,04.4H20 — are deposited on boiling an ammoniacal solution of 
a zinc salt and an excessive proportion of a calcium salt. 

* W. Funk, Zeit. angew. Chem., i8, 1687, 1906. 

® According to L. L. de Koninck and E. von Winiwarter (Bull. Soc. chim. Belg., 26, 238, 
1912) the retention of zinc by ferric oxide is due to the formation of a double hydroxide and 
not to adsorption. The retention is prevented by adding 6 per cent, of magnesium (as 
chloride) and sufficient ammonium chloride to prevent the precipitation of the magnesium 
hydroxide, E. Beyne, *6,, 26, 355, 1912. 

* For the solubility of zinc hydroxide in ammonia, see W. Bonsdorff, Zeit. anorg. Chem., 
41, 132, 1904. 

« M, Dittrich and C. Hassel, Ber., 35, 15, 3266, 1902; H, Baubigny, Compt. rend., 135, 
22, 966, 1902; 136, 7, 449, 1903; W. G. Waring, Journ. Amer. Chem. Soc., 26, 4, 1904. 

* H. Baubigny, Compt. rend., X07, 1148, 1888; W. Weinicke, Pogg. Ann., xxo, 666, 1860; 
E. T. Allen and J. L. Crenshaw, Zeit. anorg. Chem., 79, 125, 1913; A. Villiers, BuU. Soc. chim., 
(3), 13, 166, 1895; F. SeeUgmann, Zeit. anal. Chem., 53, 694, 1914; 54, 104, 1916. 

’ According to S. Glixelli {Zeit. anorg. Chem., 55, 297, 1907), the theory of the action of 
hydrogen sulphide on zinc salts does not depend upon equilibrium conditions similar to those 
indicated on page 272. He says that the reaction ZnS04 + H,S —ZnS H|S04 is not rovers* 
ible, but that a kind of ** false equilibrium’* occurs in acid soluticms which may be very 
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By decreasing the concentration of the acid, or replacing it by a weaker acid, all 
the zinc can eventually be precipitated. Thus the precipitation can be made if 
sufficient alkali acetate, formate, oxalate or thiocyanate be present to fix the 
mineral acid by forming alkali chloride, liberating the organic acid. If too 
little free mineral acid be present, a condition which may be produced by 
adding too much alkali acetate, etc., some nickel or cobalt sulphide may be 
I)recipitated. Hence careful adjustment of the acidity of the solution is 
essential for the successful separation of zinc from cobalt or nickel — if too much 
mineral acid be present {i,e. too little alkali acetate, etc., be added) some zinc 
will remain in solution. Conversely, if too little mineral acid be present {i.e, 
too much alkali acetate, etc., be added) some nickel or cobalt sulphide will be 
precipitated with the zinc.^ Many organic acids may be present in relatively 
large quantities without interfering with the precipitation of the sulphide. 
This is the case, for instance, with formic, acetic, citric, succinic and chloracetic 
acids. That acid is best which allows the greatest margin of error between the 
two extremes. 

§ 183. The Theory of the Basic Acetate Separation. 

It may now be well to recapitulate our treatment of a complex mixture of 
colouring oxides with a silicate. The acidified filtrate from the silica was 
treated with hydrogen sulphide. Lead, bismuth, copper, cadmium, mercury, 
arsenic, antimony and tin sulphides were precipitated. The filtrate was boiled 
to expel the hydrogen sulphide and treated with an excess of ammonium 
chloride and ammonia, when aluminium, titanium and ferric hydroxides were 
precipitated.^ Instead of using ammonia as precipitating agent, many prefer 
the so-called basic acetate separation of iron and aluminium from zinc, man- 
ganese, cobalt and nickel. This separation depends upon the fact that solutions 
of acetates of iron, aluminium, titanium, chromium, zirconium and vanadium 
are decomposed (page 162) when heated, and insoluble basic acetates are 
deposited. On the contrary, the acetates of magnesium, manganese, zinc, 
nickel and cobalt are stable enough to remain undecomposed when their 
solutions are boiled for a few minutes.^ 

When sodium carbonate is added to a solution of ferric chloride, the pre- 
cipitate first formed dissolves in the ferric chloride. One part of ferric chloride 
will dissolve approximately ten parts of ferric hydroxide.* Any further 
addition of sodium carbonate produces a permanent precipitate, since the ferric 
chloride is already saturated with the hydroxide. If a solution of ferric chloride, 
just saturated with the hydroxide, be heated, the mixture decomposes and 

persistent. According to W. Dederichs {Pharm, Ztg., 44 , 198, 1899), 2 to 3 per cent, of 
hydrochloric acid must be present to prevent loss of zinc during the precipitation of copper 
sulphide. For the theory of false equilibrium, see J. W. Mellor, Chemical Staiics and 
Dynamics t London, 417, 1904. Glixelli’s view does not include all the facts. The pre- 
cipitated zinc sulphide probably changes into a less soluble form; vide page 415. L. Bruner, 
BtdL Acad. Sci. Cracow, 603, 1906; G. Bruni and M. Padoa, Aiti i?. Accad. Lincet, ( 6 ), 14 , 
a, 625, 1905. 

^ For the precipitation of zinc as sulphide in the presence of manganese, cobalt and nickel, 
see E. A. Ostroumov, Ann. Chim. anal. Ckim, appl., 19 , 146, 1937. 

* We ignore pro tempore the possible occurrence of certain constituents in both the 
hydrogen sulphide and the ammonia groups. 

* Formates, succinates and benzoates have been suggested in place of the acetates since 
they can be more readUy filtered and washed, but it is generally said that the precipitations 
are not then so complete. For instance, chromium is not precipitated with the formates 
unless an excess of iron is present (F. Schulze, Chem. Cenfr., ( 2 ), 6 , 3, 1861; 0. F. Tower» 
Joum. Amer. Chem. Soc., 32 , 933, 1910; W. Hisinger, A/handlingar i Fysik, 3 , 153, 1810). 

* F. Kessler, ZeU. anal. Chem., xi, 268, 1872; x8, 8 , 1879; Chem. Nem, 27 , 14, 1873. 
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ferric hydroxide is precipitated. If sodium or ammonium acetate be added to 
a solution of ferric hydroxide in ferric chloride, ferric acetate is produced. 
This is hydrolysed on heating and a basic ferric acetate is precipitated, while 
acetic acid passes into solution. 

The hydrolysis (page 162) which occurs on boiling is only completed in 
dilute solutions — at least 500 c.c. of water should be present per gram of ferric 
hydroxide. For complete precipitation, therefore, as much sodium carbonate 
should be added as is possible without causing a permanent precipitate; and 
only sufficient sodium acetate should be added to replace the combined chlorine 
of the ferric chloride in solution. 

If a mixture of aluminium, ferric, nickel, manganese, zinc and cobalt salts 
be so treated, the acetates of manganese, zinc, cobalt and nickel are hydrolysed 
at a much higher temperature (175'') than the aluminium and ferric acetates. 
If a large excess of alkali acetate be present, the acetates of manganese, nickel, 
cobalt and zinc are decomposed at a much lower temperature, and they may, 
in consequence, be precipitated along with the iron and aluminium on boiling 
the solution. Manganese acetate does not appear to be hydrolysed under these 
conditions when less than twenty times the required amount of alkali acetate is 
present; nickel acetate is more liable to hydrolysis than cobalt; while zinc is 
next to manganese in its tendency to hydrolyse and form the hydroxide or basic 
acetate and free acetic acid.^ 

Acetic acid is usually added to the solution hejore the alkali acetate in order 
to lessen the danger of the joint precipitation of manganese, zinc, cobalt and 
nickel along with the aluminium and iron. But since aluminium hydroxide 
(and phosphate) is soluble in dilute acetic acid, and since alumina usually 
predominates in silicate analyses, while zinc, nickel and cobalt, if present at all, 
only occur in minute quantities, it is best to work with as little free acetic acid 
as possible when dealing with clays and related substances. The presence of 
11 per cent, of acetic acid will prevent the precipitation of the iron and 5 per 
cent, will prevent the precipitation of aluminium. In illustration, two solutions 
containing the equivalent of 0*2 grm. of iron, and 0*2 grm. each of manganese, 
zinc, nickel and cobalt, were mixed with 2 grms. of sodium acetate, and each 
made up to 300 c.c. ; 12 c.c. and 3 c.c. of acetic acid (sp. gr. 1*044:) were added, 
so that the solutions contained, respectively, 4 per cent, and 1 per cent, by 
volume of acetic acid. After treatment by the basic acetate process, the 
precipitate, according to Brearley, contained the equivalent of 


Acetic acid. 

Manganese. 

Zinc. 

Nickel. 

Cobalt. 

1 per cent. . 

0*0585 

0-2046 

0*1770 

0-0590 

4 per cent. 

trace 

nil 

0*1219 

0-0315 


^ A. Mittasch, Zeit. anal. Chew., 42 , 492, 1903; W. Funk, 16 ., 45 , 181, 1906; C. Stock- 
mann, « 6 ., 16 , 172, 1877; C. Kramer, ih., 16 , 334, 1877; G. Matzurke, ib., 17 , 78, 1878; 0. 
Brunck, Chem. Ztg., 2Sf 511, 1904; G, Rosenthal, Din^ler^s Journ., 225 , 154, 1877; C. Meineke, 
Zeit. angew. Chem., i, 224, 1888; J. Jewett, Amer. Chem. Jovrn., i, 251, 1879; Chem. yew«, 
40 , 273, 1879; H. Brearley, ib., 75 , 13, 1897; 76 , 165, 222, 1897; 79 , 193, 1899; A. Jeannel, 
ib., 17 , 286, 1868; T. Moore, ib., 56 , 75, 1887; R. L. ib., 77 , 265, 1898; J. B. Mac- 

kintosh, ib., 56 , 64, 1887; W. Gibbs, ib., II, 102, 1865; Amer. J. Science, (2), 39 , 58, 1866; 
W. Herz, Zeit. anmg. Chem., 20 , 16, 1899; B. Reinitzer, Monats., 3 , 266, 1882; G. 
Rudorf, Zeit. phys. Chem., 43 , 262, 19<)3; V. von Eggertz, Berg. HUM. Ztg., 26 , 187, 1867; 
W. Hampe, Zeit. Berg. Uutt. 8al., 25 , 253, 1877; F. Mayer, Ber., 22 , 2627, 1889; R. B. Riggs, 
Joum. Anal. App. Chem., 6 , 94, 1892; R. F. Weinland and E. Gussmann, Zeit. unorg. Chem., 
66 , 157, 1910; G. van Pelt, Bull, Soc, chim. Bdg., 28 , 101, 138, 1914; L. 8tM Biaen, 
34 , 489, 1914; A. Charriou, Comm, rend., 175 , 693, 1922; A. Kling and A. Lassienr, ib., 
178 , 1651, 1924. P. Wenger, C. Cimerman and H. Gomi (Compt. re^, Boe, Phys. Bud. not. 
Qenive, 50 , 167, 1933) say that iron should be precipitated at a pa less than 6 , the optimum 
value being 4*2. 
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The precipitate by the basic acetate process contains titanium, most of the 
zirconium,^ vanadium, uranium, ^ as well as phosphorus ® and arsenic, if present. 
Chromium (y.v.) is precipitated with the iron and aluminium, but the separation 
is not satisfactory with chromium. This process can also be used for separating 
iron and aluminium from the rare earths.^ 

The basic acetate ])rocess recjuires careful manijmlation when much man- 
ganese, nickel and cobalt are present. Any method of analysis which depends 
for its completion on a careful adjustment of the composition of the solution, as 
is here indicated, cannot be a safe general method. A second application of the 
process is often advised, by redissolving the precipitate in hydrochloric acid. 
Moore says four precipitations arc necessary, Mackintosh says six! If the 
process be conducted with due resf)ect for the idiosyncrasies indicated above, 
two acetate precipitations, or one acetate })recipitation followed by an 
ammonia precipitation, will generally suffice. Practical directions for the 
process now follow. 

§ 184. The Basic Acetate Separation. 

N eAdralisation of the Solutiov.- (hadnsAly add a concentrated aqueous 
solution of sodium carl)onate from a burette, with constant stirring, until the 
precipitate begins to disappear slowly^; then add a dilute solution in a similar 
way until the small precipitate does not disa}»pear with one or two minutes’ 
stirring. If much iron be present, the solution will now have a reddish tint; 
but if little iron be present, the solution will be almost colourless. Add 3 c.c. 
of acetic acid (sj), gr. l-()44) to dissolve the precipitate, and allow the solution 
to stand a couple of minutes.® If the solution be not clear, add another 
drop of dilute a(;etic acid, and proceed as bcdore. If necessary, repeat the 
addition of dilute acetic acid, drop by drop, until the solution does become 
clear under the conditions stated. 

Precipitation , — Dilute the solution to about 400 c.c. and heat to boiling; 
add about 6 c.c. of sodium acetate .solution.’ Do not boil the mixture more than 


^ E. Linnemann {Monalf*,, 6 , 33o, 1885) says the separation is not complete. 

* H. Rheineck, Chew. A>?c.s, 24 , 233, 1871. 

* If phosphates and vanadates be present in preponderatinf? quantity, the method of 
separation breaks down, since insoluble compounds are formed with any manganese present — 
G. E, F. Lundell and H. B. Knowles, Journ. Amv.r. Chem, Sck'., 45 , 676, 1923. 

^ * A. Beringer, Liebig' h Ann., 42 , i34, 1842; T. Scheerer, Pogg. Ann., 51 , 467, 1840. 

® According to H. Tamm (Ckem. iVeww, 26 , 37, 1872), oxidation with nitric acid leads to 
the precipitation of raangane.se with the iron and alumina. It is claimed that the oxidation 
of the iron is best efFeeted with potassium chlorate. According to M. Cams {Chem. Ztg., 45 , 
1 194, 1921 ), the contamination of the basic acetate precipitate by manganese is due not to 
co-precipitation but to the formation of higher oxidation products of manganese, owing to 
the action of dissolved oxygen. A perfect separation with one precipitation, even in the 
presence of excess of manganese, is claimed by adding 3 c.c. of 3 per cent, hydrogen peroxide 
before the sodium acetate. The higher manganese (jompounds are reduced to the man- 
ganous state and as such are soluble in the acetic acid. 

* Some add 3 c.c. of acetic acid (sp. gr. 1*044; that is, 33 per cent.) in excess, for every 
100 c.c. of solution in the beaker previous t-o the dilution. As indicated in the text, an 
excess of acid, however, leads to an incomplete precipitation of the aluminium, while too 
little acid will lead to the precipitation of manganese, zinc, nickel and cobalt, if these elements 
be present. 

’ Sodium Acetatp: Solution. — Dissolve 167 grms. of sodium acetate in water and make 
the solution up to 500 v.c. One c.c. of this solution will contain one-third of a ^am 
of sodium acetate. Ammonium acetate is not so suited for the work, although it is sometimes 
recommended, chiefly b^ause it is removed from the precipitate on ignition. Ammonium 
acetate has the disadv^^age of being more readily hydrolysed (page 162) than sodium 
acetate in aqueous solution. H. C. Dibbits {Bull. Soc. chim., (2), 18 , 490, 1872; (2), 20 , 
268, 1873) says that 7*6 per cent, of ammonium acetate is hydrolysed against 0*14 per cent, 
of sodium acetate. Hence, on boiling solutions of ammonium acetate, ammonia is evolved 
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a minute, or the precipitate will become slimy, and some may dissolve in the 
acetic acid. The precipitate is bulky and difficult to filter ^ and wash. Filter 
and wash with hot water containing 50 grms. of sodium acetate per litre. 
Suck the precipitate dry at the pump, using a platinum filter cone (page 88) to 
support the filter-paper. The precipitate is seldom or never ignited and 
weighed because it is always contaminated with alkali salts. Hence it 
must be dissolved in nitric or hydrochloric atud and reprccipitated with 
ammonia, as described on page 165. 

The process just outlined gives satisfactory results. The presence of 
sulphates, however, leads to imperfect precipitations.^ Tartaric and citric acids 
should be absent. Indeed, it might here be emphasised that analysts are very 
chary about introducing organic acids into their solutions, because, if later 
separations have to be made, there is some uncertainty as to the effect of the 
organic acids on subsequent precipitations. Tartaric, citric, oxalic, malic and 
other organic acids, dextrin and the sugars, for instance, prevent the precipita- 
tion of aluminium, chromium and ferric hydroxides by ammonia and of 
manganese sulphide by ammonium sulphide.^ 

Evaporate the combined filtrates to about 200 c.c. If a precipitate should 
separate, filter it off, dissolve the precipitate in hydrochloric acid and 
precipitate the iron and alumina in the solution as basic acetates; add the 
filtrates to the main filtrate. 

Suppose that zinc, cobalt and nickel be absent; the manganese may now 
be precipitated by a number of different processes, e,g. by bromine or by 
ammonium sulphide. If cobalt, nickel and zinc be present, first remove the 
zinc by the formic acid process described below'. 


and the solution l>ecomc8 more acid. Thus the acidity of solutions of ammonium acetate is 
less easy to control than solutions of sodium acetate. VV. Gibbs (Chem. H, 102, 1865) 

adds the acetate to the cold solution and then heats the solution to boilin^f. H. Brearley 
79, 193, 1899) says a large excess of acetate always leads to an imperfect s(3paration of, say, 
nickel and iron, because (1) the excess of acetate transforms the nickel as well as iron into 
acetate; and (2) the nickel acetate is partially decomposed along with the ferric aeetaU*. 
“When the acetate is added to the cold solution, both these factors exert- their maximum 
influence. On adding acetate to the boiling solution, the first portion of it precipitates the 
iron; when the remaining portion is added, the conditions are changed, for the iron is present 
in suspension only, and its influence is greatly lessened.” 

^ H. N. Warren {Ohern. News, 61, 63, 1890) agitates finely powdered glass with the pre- 
cipitate. He claims that if this is properly done, the glass carries down the precipitate ana 
enables the washing to be done more quickly. The glass does no harm, since the precipitate 
is afterwards dissolved in acid. A. Kling and A. Lassieur (Compt, rend., 178, 1551, 1924) 
add paper pulp before precipitation. 

* The filtrate may be tested for iron by potassium ferrocyanide, not thiocyanate. 

® Sulphates must not be determined in the filtrate from the basic acetate process on 
account of the great probability of contamination with sulphates from the large amounts of 
reagents used. 

* M. Juette, Compt. rend., 66, 417, 1868; Chem. News, 18, 63, 1868; J. Roszkowski, Zeit. 
anorg. Chem., 14, 1, 1897; C. Aubel and G. Ramdohr, Journ. prakt. Chem., (1), 72, 184, 1857; 
Liebig^s Ann., 103, 33, 1857; J. Ldwe, Zeit. anal. Chern., 9, 20, 1870; J. Puls, Joum. prakt. 
Chem., (2), 15, 83, 1877; H. Grothe, ib., (1), 92, 175, 1864; C, Claus, ib., (2), 4, 63, 1871; 
Corey, Diss., Zurich, 1868; E. 8alkowski, Pfiuger's ArcMv, 6, 221, 1885; M. F. Pisani, 
Compt. rend., 45, 349, 1857; W. Weith, Bar., 9, 342, 1876; L. Dossios, Liebig's Ann., 146, 
174, 1868; F. Hofmeister, ib., 189, 6, 1877; G. Stadeier and W. Krause, Jahrb., 746, 1864; 
L. Kahlenberg, Zeit. phys. Chem., 17, 577, 1895. 

* J. Spiller, Journ. Chem. Soc., lo, 110, 1858; Chem. News, 8, 280, 1863; 19, 166, 1869; 
H, How, ib., 19, 137, 1869; H. N. Draper, ib., 8, 260, 1863; F. Field, ib., 3, 65, 1861; M. F. 
Pisani, ib., 3, 257, 1861; L. J. Curtman and H. Dubin, Joum. Amer. Chem, 80 c., 34, 1486, 
1912; £. Salkowski, Zeit, physiol. Chem., 83, 159, 1913. 
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§ 185. The Separation of Zinc from Manganese, Cobalt and Nickel. 

AsHumo that the filtrate from the ammonia or basic acetate separation 
contains zine,^ manganese/-^ cobalt and nickel, as well as magnesia, lime and the 
alkalies. 

FrecApitalion of Zinc Sulphide . — The ammoniacal solution is neutralised 
with formic acid, and about 5 c.c. additional formic acid (sp. gr. T2) is added 
per 150 c.c. of solution. Not more than about 3 per cent, excess of formic acid 
should be j)resent, or some of the zinc may escaj)e precipitation. Enough 
sodium formate should be present to react with the inorganic acids set free by 
the action of the hydrogen sulf)hidc, and so j)revent free hydrochloric acid 
accumulating in the solution.’** Heat the solution to 50°-6()°. Pass hydrogen 
sulphide (two bubbles a second) through the warm solution for an hour in order 
that the zinc sul})hide may coagulate and filter cjuickly.'^ Zinc sulphide is 


^ Zinc may be found in rca^fcnts kept in Jena and “noriHol’’ glass bottles, page 127. 
Acids iransportt‘d in carbo3’s with glass covers secured by zinc rings are liable to contamina- 
tion owing to the splasliing of tin* acid into the neck of the carboy. This explains how zinc 
has been r('portcd when no zinc was pr<‘sent in the original sample. A. ^^ita, Stahl Eisen, 
32, 1532, 1012; 42, 7S7, 1012. 

^ I’he manganese may or may not have lie(*n removed prior to the zine. 

® W. Hampe, ('hf w, Z/f/., 9, 543, 1885; Chem. AVw’.v, 52, 313, 1885; M. Bragard, Chem. 

10, 720, 1880; E. Dohici, ?7/., 23, 300, 1809; P. von Berg, Zeit. anal. Chem.., 25, 512, 
1880; (1. Naumann, ib.. 28, 57, 1880; W. Funk, ib., 46, 03, 1007; H. Kinder, Stahl Eiaen, 
16, 075, 1800; F. W. H. Delffs, Zni. Chem. Pharm., 3, 4, 1860; Chem. News, 41, 279, 1880; T. 
Cockijurn. A. 1). (lardincr and J. W. Black, A milyst, 37, 443, 1912. According to Bragard, the 
solution should have 5 c.c. of forini<.* acid (sj>. gr. 1*1 130) per 0-03 grm. of nickel in solution, 
and this amount should not b(‘ exceeded if the zine is to be pr(‘eipitated completely. If 
much nickel be present, tiie solution should l)e diluted to 5()0-0()0 c.e. If tlic solution be 
heated, more acid is needed to prevent the precipitation than if the solution be “gassed” 
cold. A very slight excess of liydroehloric* acid a<Ided to a neutral solution is sometimes 
used instead of formic aci<i, but tJicre is a ditlicmlty in regulating the correct amount of acid, 
and the results are satisfactory when only small amounts of zinc are present. 0. Brunner, 
Dingier' H Journ., 150, 300, 1858; A. Klaj^c and A. Deus, Zeit. anal. Chem., 10, 100, 1871; 
F. 0(?ttt4, ib., 27, 10, J888; J. B. Kirkland, Hep. Au^stralaaian Asme., 2, 307, 1890. For 
the separation in the presenec of free mineral acids, sec 1. Majdel, Arhiv. hem. Pharm., 2, 127, 
1928; Zeit. anal. Chem,, 76, 2(J4, 1020; O. Buff and B. Bir.sch, Zeit. anorg. Chem., 150, 84, 
**^1025; 11. Kat6, Jaurn. Chem, Sac. Japan, 54, 807, 1933. For acetic acid, see A. Rosenheim 
and E. Huldschinskv, Zivit. anarg. Chem., 32, 84, 1902; A. Thiel, ib., 33, 1, 1902; H. Xissenson 
and W. Kottembeil, Chem.. Ztg., 29, 05<t, 1905; J. Flath, ib., 25, 504, 1901; \V. G. Waring, 
Journ. Amer. (■hem. Sue., 26, 4, 1904; W. Funk, Zeit. anal. Chem., 46, 104, 1907; M. Bragard, 
ib., 26, 200, JS87; H. Kinder, Stahl Eisen, 16, 075, 1890; J. Platz, ib., 9, .4f»4, 1889; H. 
Baubigny, Campf. rend., 108, 230, 450, 1888; G. Jander and H. C. Stuhlmann, Zeit. anal. 
Chem,, 60, 280, 1921 ; K. Borneniann, Zeit. auorg. Chem., 82, 21<), 1913. For citric acid, see 
F. Beilstein, Her., ii, 1715, 1878; K. E. Marbaker, Journ. Awer. Cer. Sac., 14, 102, 1931; 
F. G. Hills, Ind. Eng. (.■hem. Anal. Ed., 5, 201, 1933. For oxalic acid, A. Carnot, Compt. 
rend.., 102, 078, 1886. For succinic acid, H. Alt and J. Sehultze, Ber., 22 , 3259, 1889; H. 
Delffs, Chem. News, 41, 279, 1880. For monochlorac.etic acid, P. von Berg, Zeit. anal. Chem., 
25, 512, 1880; H. Kalo, Journ. Chem. Soc, Japan, 55, 213, 1934; E. A. Ostroumov, Ann. 
Chim. anal. Chim. appl., 19, 145, 1937. For trichloracetic acid, J. J. Fox, Journ. Chem. Soc., 
91, 964, 1907. It is claimed that this acid is better for the separation of zinc and cadmium, 
since the acidity limits are not so narrow’ as with hydrochloric acid. For benzene mono- 
sulphonic acid, see H. Schilling, Chem. Ztg., 36, 1352, 1912. For ihiocyanic acid, see C. 
Zimmermann, Liebig's Ann., 199, 3, 1879; 204, 226, 1880; F. D. Treadw'ell, Zeit. anarg, 
Chem., 26, 104, 1901. 

* Zinc sulplude is a difficult precipitate to filter and wash. It may be gelatinous or in a 
very finely divided condition suspended in the fluid; in the former case washing is very slow; 
in the latter case the precipitate passes through the paper (pages 160 and 274) — A. Villiers, 
Compt, rend., 120 , 97, 188, 322, 498, 1895. P. Pipereaut and A. A. Vila {Internat, Cong, 
App, Chem,, 7 , i, 141, 1909) say that zine sulphide is precipitated in a very dense form, 

25 
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practically insoluble in formic acid of the strength just indicated; and, like 
many other sulphides, changes from the colloidal form after precipitation. 
Hence it is better to let the mixture vstand overnight in a warm place with a 
slow current of hydrogen sul])hidc passing through the solution, or else let it 
stand some time in a corked flask. The larger the excess of formic acid, the 
slower the separation of the zinc sulphide, and the larger the excess of alkali 
acetates or formates jnescnt, the more slimy the precij)itated sulphide and the 
more difficult it is to filter and wash. 

Filtering and Washing the 7 Ahc Sulphide. — Filter off the precipitated 
sulphide and test the flltrate with hydrogen sulphide to make sure that all the 
zinc is precipitated. Wash the precipitate thoroughly two or three times 
with water saturated with hydrogen sulphide, and containing a little formic 
acid. (Collect the washings in separate beakers, so that if the flltrate should 
begin to run through turbid,’ as sometimes occurs whem the ammonium salts 
are nearly all wasluul out, it will not be necessary to re-filter a large (juantity of 
liquid. The juecipitate is usually free from manganese, cobalt and nickel 
if the solution has i5-2()c.c. (jf formic acid (sp. gr. 1*2) f>er 250 -500 c.c. When 
a relatively large amount of these ehnmmts is present the j)reci]>itate may be 
contaminated, and it is advisable to dissolve the ])recipitate in dilute hydro- 
chloric acid, neutralise with ammonia and reprecipitate with hydrogen sulphide. 
Add the second flltrate to the first. The joint filtrates are reserved for the 
separation (d’ manganese, cobalt and nickel, as indicated on page 415. The 
precipitate of zinc sul])hide is then treated as indicated in the next section. 

Influence of Fornric Acid. — To illustrate the relation between the amount 
of acid in the solution and the efficiency of the formic acid separation, the 
following numbers are quoted from Bragard’s work: - 

'Table XLIX.- -Effect of Fonnic Acid on the Separation of Zinc and 
NicTel as Sulphides. 


Zinc. 

Nickel. 

Volume 

solution. 

Formic 

acid. 

Zinc ppt<l. 

Nickel pptd. 
with ziiK-. 

grm. 

grm. 



c.c. 

c.c 

grm. 

jxT cent. 

00325 

0-0048 

3(M) 

5 

0-0324 

54-2 

0-0325 

0-(K)48 

3(X) 

fi 

0-0325 

37-5 

(HKi25 

0-0(48 

3(K> 

: 7 

i 00322 j 

22-9 1 

0-0325 

0(K48 

3fH) 1 


1 0-0325 1 

0-0 

0*0325 

0(H)9fi 

5(H) i 

1 10 

! 0-0325 1 

00 

0-3252 ! 

00900 

400 

1 

! 0-3252 

28-1 

0-3252 

O-OOfiO 

, 5(X) 

1 20 

1 0-3247 j 

18-4 

0-3252 1 

0-0960 

6 (K) 

30 

i 0-3252 1 

8-0 

0-3252 1 

0-0960 

600 

40 i 

i 0-3248 j 

0-0 


readily washed, by the addition of finely divided sulphur to the boiling alkaline solution. 
The precipitate is white, and when Ihe precipitation is complete, a pink coloration appears. 
E. Murmann (Monats,, 19 , 404, 1898) adds a little mercuric chloride to the solution before 
“gassing.” The results are good. See page 328. G. Jander and U. 0. Stuhlmann {h>c. cit.) 
and W. Awe {Arch. Pharm.,, 265 , 147, 1927) collect the zinc sulphide on a membrane 
filter. For the precipitation in the presence of sodium bisulphite, sec K, Bornemann, loc. cit. 
H. A. Fales and G. M. Ware (Jmrn. Amer. (Jhem. Sr>c., 41 , 487, 1919) say that a granular 
precipitate is obtained by using a solution having a high concentration of the ammonium 
salt of a strong acid (sulphuric). 

^ 0. Mtihlhauser, Zeit, angew. Chem., 15 , 731, 1902. 
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The 1904 report of the Committee on Uniformity in Technical Analyses^ 
shows analyses of three samples of zinc ore by forty-two chemists. As a 
result : 


' 

Sami* 

LK A. 

Samf 

LE B. 

Sample C. 


Zn. 

Fe. 

Zn. 

Fe. 

Zn. 

Fe. 

Highest results 

Lowest results 

39-22 

12-20 

21-92 

18-04 

i 'i 

; 38-86 
; 28-90 

! 

i 

1 15-00 

1 8-40 

i 

59-79 
! 56-03 

1 

3-26 

2-10 


The results for saiii})les A and B are surprisingly discordant, and seriously 
undermine confidence in many ])ublished analyses. Each chemist used the 
j)articular process he thought best. 


§ 186. The Determination of Zinc as Phosphate. 

Zinc sulphide is not an easy })recipitate to prepare for the balance and, 
in consequence, many adopt Tamm’s ^ process, in which the zinc is precipitated 
as phosphate. This is an easy gravimetric process, although, in practice, 
with the standard solutions ready made, it is far easier to get good results with 
the unwashed sulphide by volumetric processes than by gravimetric methods 
which involve the washing of the precipitated zinc suljdiide. 

Effect of Alkali Salts, If the solution contains sodium or potassium salts, 

the precipitate will be contaminated with zinc sodium ]>hosphate, ZnNaP 04 , 
and zinc potassium phos[)hate, ZnKP() 4 .^ In the presence of sodium salts 
correct results are given by precipitation with secondary ammonium phosphate, 
(NH 4 ) 2 HP 04 , in neutral solution after the addition of 5-10 grms. of ammonium 
chloride.^ A second precipitation is necessary if potassium salts are present, 
ammonium chloride being added before each precipitation. 

Dissolve the precipitated sul})hidc in hot dilute hydrochloric or nitric acid. 
Boil the solution to expel the hydrogen sulphide. Filter off any sulphur 
which separates. The acid solution, occupying about 150 or 200 c.c.,^ is 
neutralised with ammonia and then made faintly acid with hydrochloric acid. 
Add about 2 grms. of ammonium chloride for each 0*1 grm. of zinc. Heat 

* Journ. Amir, Chem, Soc., 26, 1044, 1004. 

* H. Tamm, Chem. iVrww, 24, 148, 1871; G. Losekann and T. Mayer, Chem. Ztg.^ 10, 
720, 1886; L. Jawein, ib., Ii, 347, 1887; M. Bragard, ib., 10, 160o,‘l886; G. C. Stone, 
Journ. Amer. Chem.. S'oe., 4, 26, 1882; H. W. Langfey, /i., 31, 1051, 1909; A. C. Langmuir, 
*6., 21, 125, 1899; Chem. AV'M’.v, 79, 183, 1899; H. D, Dakin, Zeit. anal. Chem., 39, 273, 
19(K); Chem. News, 82, 101, 19tKl; M. Au.stin, Amer. J. Science, (4), 8, 206, 1899; R. C. Boyd, 
School Mines Quart., Ii, 355, 1890; J. Clark, Journ. Soc. Chem. Ind., 15, 866, 1896; 
M. Pouget, Com pi. rend., 129, 45, 1899; K. Voigt, Zeit. antjew. Chem., 22, 2280, 1909; 24, 
2195, 1911; 25, 205, 1912; V. Hassreidter, ib., 24, 2491, 1911; 25, 1005, 1912; K. Voigt, 
ib., 26, 47, 1913; Report in Journ. Ind. Eng. Chem., 4, 467, 1912; P. Artmann, Zeit. anal. 
Chem., 54, 89, 1915; 62, 8, 1923; D. Balareff, ib., 60, 442, 1921; P. Artmann and W. Hart- 
mann, if)., 62, 17, 1923; L. W. Winkler, Zeit. angew. Chem., 34, 235, 1921; R. Strebinger and 
J. Poilak, Mikrochem., 4, 15, 1926; L. A. Congdon, A. B. Guss and F. A. Winter, Chem. 
News, 131, 65, 81, 97, 113, 1925; L. Hahn and J. Dornaiif, Eer., 55B, 3434, 1922. 

* T, M. Finlay and A. C. Gumming, Journ. Chsm. Soc., 103, 1004, 1913. 

* L. Dede {lier., 6 xB, 2463, 1928) says the results are inacourate when more than 3 per 
cent, of sofiiiim chloride is present and recommends precipitating the excess of sodium chloride 
by passing hydrogen chloride through the concentrated solution. The precipitate is then 
filtered ofi and washed with highly concentrated hydrochloric acid, the excess of acid being 
removed from the filtrate by evaporation to dryness. 

^ The solution is diluted so as to contain 0*2 to 0-4 grm. zinc per 400 o.c. of solution. 
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the solution to boiling, add 15 to 20 times as much secondary ammonium 
phosphate ^ as there is zinc in the solution. If a precij)itate docs not form, 
carefully add aminonia until it does.^ The solution will now be alkaline. 
Keep the vessel and contents warm on a water bath for J0~15 minutes and the 
amorphous ammonium zinc phosphate— ZnNH 4 P 04 — first precipitated will 
crystallise. If the solution be boiled it bumps badly. Let the precipitate 
settle.® When cold, filter through asbestos ^ in a Gooch crucible. Clean ® 
the beaker with the mother liquid, and wash with cold water containing about 
1 per cent, of ammonium phosphate until the precipitate is free from chlorides, 
then wash with a dilute solution of ammonium nitrate until free from phos- 
phates. Finish the washing with alcohol. Dry at 100°, and weigh the 
precipitate as ZnNH 4 p 04 . This weight, when multiplied by 0-4561, represents 
the corresponding amount of zinc oxide — ZnO.® 

The precipitate can also be ignited to low redness and w'eighed as zinc 
pyrophosphate — Zn 2 P 207 . If the ignition be conducted at too high a tempera- 
ture, the pyrophosphate may melt and be absorbed by the asbestos, with but 
a slight loss in weight — possibly 0*1 per cent. The weight of the pyrophos})hate 
multiplied by 0*5340 gives the corresponding amount of zinc oxide — ZnO. 


§ 187. The Volumetric Ferrocyanide Process for Zinc. 

Zinc ferrocyanide is precipitated from a hydrochloric acid solution of a 
zinc salt by potassium ferrocyanide. When all tlie zinc has been converted 
into zinc ferrocyanide, any further addition of the j)otas8ium feiTc>cyanide will 
cause the solution to give a brown coloration with a uranium salt.’ 

^ P. Artmann {ZeiL anal, Che.m.^ 62, 8. 1923) uses an exoesH of at least 10 c.c. of 3N- 
ammoniurn phosphate per 150 c.c., so that after precipitation the solution is not less than 
N/5 in ammonium phosphate. If iniiTocosmic salt be used, there is more diftieulty in wash- 
ing the precipitate free from alkalies than when the ammonium salt is used. 

^ The precipitate is soluble in acids and ammonia, and slightly soluble in large quantities 
of ammonium salts. G. Luff {Chan. Ztg., 46, 365, 1922) accordingly separates aluminium 
and iron as phosphates from zinc in acetic acid solution and, similarly, magnesium and 
manganese in ammoniacal solution. For chromium phosj^hate, sec H. Kammerer, Zeit. anal. 
Chem., 12, 375, 1873. 

® The important points to observe in precipitation are a large excess of reagent and 
sufficient ammonium salts to flocculate the precipitate; if too great an excess of ammonium 
salts be present, a little zinc phosphate may pass into solution. If, in addition to alkali 
salts, other metals be present, the precipitate may l)e contaminated accordingly. 

* A slight loss of zinc by reduction to metal, with subsequent volatilisation, may occur 
if filter-paper bo used and the precipitate be afterwards ignited. If the precipitate be ignited, 
the asbestos used in the Gooch crucible should have been previously calcined. Otherwise, 
drying at UX)'^ will suffice. 

* The precipitate is inclined to stick tenaciously to the w^alls of the beaker in which the 
precipitation is made. It may then be necessary to dissolve the precipitate from the walls 
with a little acid and evaporate to dryness in a weighed crucible. 

* Tests made under various conditions show that here less than 0‘0(K)3 grm. of zinc 
phosphate escapes with the filtrate and in the washings. P. Artmann {Zeit. anal. Chem., 
54, 89, 1915) gives the solubility of zinc ammonium phosphate as 1-45 mgrm. per 100 c.c. 
of water at 17*5'^ and corrects the results accordingly from the volume of the filtrate. For 
about 0*3 grm. of precipitate L. W. Winkler {loc. cit.) adds 0*3 mgrm. to the weight 
of ZnNH^PO^ or 0*9 mgrm. to that of Zn^PjOy. 

’ E. H. Miller, Journ. Amer. Chem. Soc., 18, 1100, 1896; 22, 541, 1900; 24, 226, 1902; 
E. H. Miller and J. A. Matthews, ib., 19, 547, 1897; E. H. Miller and M. J. Falk, ib., 26, 
962, 1904; E, H. Miller and J. L. Danziger, ib., 24, 827, 1902; G. C. Htone and D. A. van 
Ingen, ib., 19, 542, 1897; E. H. Miller and E. J. Hall, School Mines Quart., 21, 267, 1900; 
Chem. News, 82, 177, 1900; F. Reindel, Dingier' s Journ., 190, 395, 1868; K. Zulkowsky, 
ib,, 249, 175, 1893; M. Bragard, Beitrdge zur Kenntnis der qmnHtativen Bestimmung des Zinks, 
Berlin, 1887; G. Wyrouboff, Ann. Chim. Phys., (5), 8, 444, 1876; L. L. de Koninck and 
E. Frost, ZeU, cmgew, Chem., 9, 460, 664, 1896; Chem, News, 76, 6, 16, 29, 38, 61, 1897. 
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Theory of Process . — If the ferrocyanide be gradually added to the solution, 
there is first a slow formation of normal zinc ferrocyanide : 

2ZnCl2 + K4Fe(CN)e 4KC1 + Zn^FeCCNle 

If the solution be cold (20° to 25°), it will at first colour a drop of uranium 
nitrate a fading yellowish-brown. When about three-quarters of the required 
amount of potassium ferrocyanide has been added, the solution no longer affects 
the indicator — uranium salt. The ])recipitate becomes flocculent. The slow 
reaction just indicated is followed by a faster reaction: 

3Zn2Fe(0N)e 4- K4Fe(CN)e 2K2Zn3LFe(CN)e]2 

The indicator is coloured permanently when the second reaction is completed. 
The whole reaction is therefore written: 

3ZnCl2 + 2K4Fe(ON)6 - > Zn3K2[Fe(CN)el2 + 6KC1 

After a little j)racti(te, the transient colour first produced will not be mistaken 
for the final permanent coloration. The first coloration gradually fades and 
the permanent tint becomes more intense. The solution during the former 
stage is bluish-white and during the latter stage pale cream. The first 
transient coloration of the indicator does not appear if the solutions be hot, 
because the first reaction j)roceeds quickly. This reaction is the basis of 
Galetti\s })roccss ^ for the volumetric determination of zinc. If the process be 
carried out in a regular, uniform manner, comparable and satisfactory results 
can be obtained. “In my opinion,” says Seaman, ‘Hhe results for zinc by the 
ferrocyanide process more nearly approach the absolute amount of zinc in an 
ore than the results obtained by working slowly with the gravimetric process.” 

Disturbing Agents . — Anything which oxidises or decomposes the ferro- 
cyanide solution should be absent, such as strong acids or chlorine. Metals 


1 M. Galetti, Zeit. amit. Chpvn., 4 , 1865; 8 , 135, 1869; I 4 , 190, 1875; Bull. Soc. 

ehim.^ (2), 2 , 83, 1864; J. A. Muller, tA., (4), i, 13, 61, 1907; 0. Fahiberg, Zeit. anal. Chem., 
13 , 379, 1874; L. Blum, « 6 ., 29 , 271, 1890; 31 , 60, 1892; E. Murmann, « 6 ., 45 , 174, 1906; 
Monatn.y 19 , 404, 1898; L. L. de Koninck and E. Frost (/.c.); A. Ilenard, Compt. rend.^ 
67 , 450, 1868; M. Pouget, ? 6 ., 129 , 45, 1899; W. G. Waring, Journ. Amer. Chem. aS’oc., 26 , 4, 
1904; 29 , 265, 19074 A. H, Low, ib., 15 , 550, 1893; 22 , 198, 1900; W. H. Seaman, ib., 29 , 
205, 1907; W. H. Keen, ib., 30 , 225, 11 H) 8 ; G. 0. Stone, ib., 17 , 475, 1895; 30 , 904, 1908; 
Reports on this subject, ih,, 29 , 262, 1907; Mm. Eng. World, 40 , 55, 1914; Chem. News, 
67 , 5, 17, 1893; F. M. Lytc, ib., 31 , 222, 1875; W. H. Keen, ib., 98 , 201, 1908; R. W. Mahon, 
Amer. Chem. Journ., 4 , 53, 1882; H. S. Pattinson and G. 0. Redpath, Journ. Soc. Chem. Ind., 
24 , 228, 1905; E. Donath and G. Hattensauer, Chem. Ztg., 14 , 323, 1890; Report in Chem. 
News, 67 , 5, 17, 1893; E. Rupp, Archiv Pharm., 241 , 331, 11103; Chem. Ztg., 33 , 3, 11K)9; 

C. Kirscbnick, ib., 31 , 960, 1907; E. T. Henderson, /Vor. Australian Inst. Min. Eng., 195, 
1913; F. R. von Bichowsky, Journ. Washington Acad. Sri., 17 , 141, 1917; J. H. Hastings, 
Met. Chem. Eng., 36 , 506, 1917; K. Voigt, Zeit. angew. Chem., 24 , 2195, 1911 ; 26 , 47, 1913; 

D. J. Demurest, Journ. Ind. Eng. Chem., 5 , 302, 1913; 1. M. Kolthoff and E. J. A. H. Verzyl, 
Zeit. anorg. Chem., 132 , 318, 1924; Bee. Trav. chim., 43 , 380, 389, 1924; I. M. Kolthoff, ib., 
41 , 425, 1922; F. Muller, Zeit. anorg. Chem., 128 , 125, 1923; A. H. Low, Technical Methods 
of Ore Analysis, New York, 252, 1922; N. W. Lord and D. J. Demorest, Metallurgical Analysis, 
New York, 203, 1924; S. IJrbasch, Chem. Ztg., 46 , 101, 125, 133, 138, 1922; E. Beyne, Bull. 
Soc. chim., 33 , 507, 1924; E. G. R. Ardagh and G. R. Bongard, Ind. Eng. Chem., 16, 297, 
1924; G. G. Reissaus, Zeit. anal. Chem., 69 , 450, 1926; R. Nakaseko, Mem. Coll. Sci. Kyoto, 
liA, 95, 1928; N. Joassart and E. I.»oclerc, Bull. Soc. chim. Belg., 39 , 231, 1930; E. Brennecke, 
Zeit. anal. Chem., 86 , 175, 1931; B. Kamienski and K. Karezewski, Roezniki Chem., ii, 577, 
1931; B. Park, Journ. Amer. Chem. Soc., 54 , 180, 1932; F. C. Breyer, Eighth Inter. Cong. 
Appt. Chem.., 25 , 7, 1912; W. B. Price et al., Journ. Ir^. Eng. Chem., 7 , 457, 1915; L. A. 
Congdon, A. B. Guss and F. A. Winter, Chem. News, 131 , 65, 81, 97, 113, 1925; A. Hecquet, 
Ann. Chim. anal. Chim. appl., 1 $, 10, 1933; S. Saito, Bull. Inst. Phys. Chem. Beaearch (Tokyo), 
8 , 921, 1929; Sci. Papers, ib., 24 , 226, 1934; P. L. Hibbard, Ind. Eng. Chem. Anal. Ed., 
6 , 423. 1934. 



390 A TREATISE ON CHEMICAL ANALYSIS. 

which give insoluble or sparingly soluble ferrocyanides — cadmium, copper, 
antimony,^ arsenic, ^ iron, aluminium, manganese,® nickel, cobalt, lead and 
magnesium — should also be absent. Some of these substances, however, 
produce no appreciable effect if only ])resent in small quantities — e.g, 
aluminium and lead.** 

The composition of the precipitate varicvS according as the solution is 
alkaline, neutral or acid ; according as the solution is acid with acetic or hydro- 
chloric acid; if the hydrochloric acid be in excess, the ])otassium ferrocyanide 
will be decomposed, forming a blue solution which s})oils the work. This all 
shows tha t uniform conditions are indispensable for accurate work. 

The end-point is not very sensitive in the presence of hydrochloric acid, but 
it is sharpened a little in presence of ammonium chloride. In consequerufe, it 
is necessary to deduct from the burette reading the amount of the standard 
ferrocyanide solution needed to give the brown coloration, with the uranium 
nitrate used as indicator, in excess of that actually required to convert all the 
zinc to ferrocyanide. Since uranium ferrocyanide is soluble in hydrochloric 
acid, this excess is dependent U])on the amount of hydrochloric acid present. 
Hence it is necessary to work under certain definite conditions which experi- 
ence has shown to be the })est, and to determine the allowance to be made for 
the indicator. 

Standardismg the Potassium Ferroeganide Solution. — Dissolve* 34 -bO grins, 
of crystalline potassium ferrocyanide — K 4 Fe(DN)g . 3H20-~ -in water,® and make 
the solution up to a litre — if not clear, filter.® 1 c.c. corresponds with 0*01 grm. 


^ Cadmium salts are fatal to the success of the determination of zinc by the ferrocyanide 
process. Cadmium ferrocyanides — CdaFefCNlg and K2CdPe(CN)«, or a mixture of the two 
— are formed (E. H. Miller, Amcr. Chem. /SVr., 22, 541, 1900; 24, 226, 1902; H. Weil, 
Zeit. anal. Chnn., 52, 549, 1913). If cadmium, <?opp(^r and antimony b(‘ present, a diftieult 
separation by hydrogen sulphide may be necessary (1. M. KolthofT and J. (?. van Dijk, Pharvi. 
Weel'blad^ 59, 1351, 1922). It is generally considered best to precipitate the copjx*r, lead, 
cadmium and antimony by boiling tJjc dilute hydrochloric acid solution w it h a piece* of metallic 
aluminium (page 309). Lead will precipitate copper in an acidified solution. If copjKjr is 
to be precipitated with aluminium, ammonium salts shouhl be absent. If much aluminium 
be present, derived from the solution of metallic aluminium, the results of the ferrocyanide 
titration will be irregular (E. H. Miller and E. J. Hall, School Minc^ Quart. ^ 21, 270, 1900; 
Chem. News, 82, 177, HKX)). 

* If arsenic lx* present, some iron may escape precipitation with ammonia. In that case, 
the solution may be evaporated to dryness. Boiling the residue with concentrated hj^dro- 
chloric acid and bromine will expel the arsenic. 

® M. GaUeti {Zeit. anal. Chem., 4, 213, 1865) removes iron and manganese by shaking the 
solution with lead dioxide and filtering before titrating. K. V'^oigt {Zeit. angew. Chem., 24, 
2195, 1911; 26, 47, 1913) and J. W. Springer {ib., 30, 173, 1917) remove manganese by 
means of bromine (page 394) and (topper by hydrogen sulphide. 1). .1. Demorest {Jmirn. 
Ind. Eng. Chem., 5, 302, 1913) says that ammonium carbonate separates zinc and copper 
from iron, aluminium, manganese, lead and cadmium, the zinc and coppt*r remaining in 
solution. The copper is then precipitated as sulphide. A. Renard {Bull. Soc. chim., (2), 
II, 473, 1869) removed manganese by sodium phosphate in ammoniacal solution; on analysis 
an untreated sample gave 1 *036 grm. zinc and the same sample, after the above treatment, 
0*998 grm, zinc. See also G. van Pelt, Bull. Soc. chim. Belg., 28, 101, 138, 1914; E. Seelig- 
mann, Zeit. anal. Chem., 53, 594, 1914; 54, 104, 1915. For the separation of zinc from 
aluminium and magnesium, see L. Harn and J. Dornauf, Ber., 55B, 3434, 1922; H. L. 
Piotrowski, Przemysl Chem., 14, 105, 1930. 

* V. Lehner and C. C. Melocbe {Joum. Amer. Chem. Soc., 35, 134, 1913), W. D. Treadwell 
and D. Chervet {Helv. Chim, Acta, 5, 633, 1922) and J. M. Kolthoff (Chem,. WeeMlad, 24, 
203, 1927) show that lead does no harm in the ordinary ferrocyanide titration for zinc. 

* L. Blum {Zeit. anal. Chem., 34, 285, 1895) deals with the impurities in commercial 
potassium ferrocyanide. 

* F. Moldenhaucr {fihem. Ztg., 15, 223, 1891; Chem. News, 64, 150, 1891) proposes to 
prevent the decomposition of the solution by adding 1 to 2 grms. of potassium hydroxide 
per litre. The standard solution should be preserved in darkness. 
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of zinc oxide. In order to standardise this solution, ignite pure zinc oxide ^ 
and cool in a desiccator to ensure freedom from moisture and carbonates. 
Dissolve exactly 10 grms. in concentrated hydrochloric acid, add ammonia until 
a slight permanent precipitate is formed; dissolve this in a drop or two of dilute 
hydrochloric acid; add 6 c.c. of concentrated hydrochloric acid and 10 grms. 
of ammonium chloride and make the solution up to a litre. 1 c.c. corresj)onds 
with 0-01 grm. of ZnO. 

The Pipette 25 c.c. of the standard solution of zinc oxide into 

a ()00 c.c. flask or beaker and sufficient water to make about 1 80 -200 c.c. 
Warm the solution to about 70^- 80”, and ynnjr about half into another beaker. 
Add the standard ferrocyanide solution from a burette, 1 c.c. at a time, until 
the solution has a greyish colour and a drop in contact with a drop of uranium 
nitrate solution^ on a ])orcelain jdate (page 501) gives a distinct brown 
coloration. Mix the two solutions. Sup})ose that 14 c.c. of the ferrocyanide 
give no coloration with the first half ami 15 c.c. give a distinct browui. Then 
at least 28 c.c. of ferrocyanide solution will be needed for the titration. Hence 
a total 28 c.c. of ferrocyanide may ]k‘ added without fear of exceeding the 
limit. Then add the. ferrocyanide drop by drop and test for the end by means 
of the spot test. Four the solution ])ackwards and forwards from one beaker 
to the other in finishing the titration. This procedure is less tedious than 
titrating the whole solution directly and there is less danger of exceeding the 
limit. A little time should be allowed for the spot test to change colour or the 
end-point may be exceeded. This may be corrected as follows: — Let the test 
drops be added in regular order and keep a memorandum of the corres})onding 
burette readings. The first spot w’hich shows the brown coloration after 
standing a short time is the pro])er reading. This gives the volume of the 
ferrocyanide solution corresponding with the zinc in the given solution. 
Hence the amount of zinc oxide is readily comynited.® 


‘ Zinc oxide is pref(*rable since it is more easily procured free from metallic impurities 
than is zinc itself. 

2 Uranium Nitrate iSolction. -Io grms. of uranium nitrate in 100 e.c. of water 
(M. Galleti, Zr»7, anal, 4 , 213, 186.>). H. Nissenson and W. Kettembeil {Chem. ZUj.^ 

29 , 501, 1905) and W. G. Waring {Journ. Amvr, Chew. Nor., 26 , 4, 1904) use a. 1 per eent. 
solution of ammonium hi'ptainolybdaU^ instead of uranium nitrate or acetate, provided 
hydrogen sulphide is absent. A trace of hydrogen sulphide can be d(‘st roved by a small 
crystal of swlium sulphite. F. Moldenhaucr {Chew. Ztg., 13 , 1220, 18S9; 15 , 223, 1891; 
Chem. News, 64 , 15(), i891 ) draw.s a narrow streak of a 4 per cent, solution of eoppt^r sulphate 
alontt strips of white filter-paper by means of a camel-hair brush. The strips are dried quickly 
and preserved in stoppered bottles. When a drop of liquid eontaining potas.sium ferrocyanide 
is placed on the white portion of a strip, if free potassium ferrocyanide soaks into the portion 
containing eopp<‘r sulphate a reddish mark is pnxhieed. For the use of iron salts as internal 
indic^ators, see S. Urbasch, Chem. Zfg., 46 , 0-138, 1922; S. L. Robertson, Journ. Boy. Tech. 
Coll. Mrl. Club, Glasgow, (0), 37, 1928; .1. Gueron, Chim. anal. Chim. appl., 14 , 393, 
1932. J. W. Springer {Ze,it. angew. Chem., (1), 30 , 173, 1917) uses ferrous chloride in aqueous 
acetic acid as an exteirnal indicator. L. Fernandes (Giorn. Chim. !nd. Appl., 6 , 334, 1924), 
recommends alkali molybdates; W. H. Cone and L. C. Cady {Journ. Aw,er. Chem. 8oc<. 
49 , 356, 1927), I. M. Kolthoff {Chem. Weekblad, 24 , 203, 1927), I. M. Kolthoff and E. A. 
Pearson {I mi. Bng. Chem. Anal, Ed., 4 , 147, 1932) diphenyl benzidine or diphenylamine for 
internal use; no indicator allowance is needed witli the former. E. J. Koesis and L. Poliak 
{Aria Lit. Sci. Univ. Hung, Frau. Joseph Seri. Chem. Min. Phys., 4 , 147, 1934), sodium 
alizarin sulphonate. 1. Tananaev and M. Georgobiani {Zeit. anul. Chem., 107 , 92, 1936) 
use methyl red as an adsorption indicator. G. C. Stone {Journ. Amer. Chem. Sw., 17 , 473, 
1896) recommends a dilute solution of cobalt nitrate as indicator and claims that it gives 
better results than uranium, copper or iron salts. Note that commercial “uranium acetate” 
may be either uranyl acetate or sodium uranyl acK^tate. 

* There is a danger of under-titrating when the solution is cold, owing to thc^ slow reaction 
between the ferrwyanido and the zinc. F. Schulz {Chem. Zfg., 33 , 1 187, 11K)9) places an open 
lube (12-16 mm. diameter) in the liquid to be titrated and then titrates as usual, while 
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Indicator Allowance ,^ — Pour 180 to 200 c.c. of water into a beaker, add 
10 grms. of ammonium chloride and 6 c.c. of concentrated hydrochloric acid. 
Warm the mixture to 70^-80° and add ferrocyanide from the burette with 
constant stirring until a drop of the solution gives a distinct brown colour 
when applied to a spot of the uranium nitrate indicator on a white glazed tile. 
The volume needed should not be greater than 0*5 c.c., and, in subsequent 
titrations, it should be subtracted as a correction from each burette reading.^ 

Zinc can also be determined volu metrically by titration with a standard 
solution of sodium sulphide Schalfner’s method. Opinion is divided as to 
the merits of the process; some maintain that the composition of the test 
solution must be carefully controlled, and others that such precautions arc 
immaterial. The sodium sulphide solution must be checked frequently 
against a standard solution of zinc. 

§ i88. The Evaluation of Zinc Oxide. 

When the zinc oxide is to be determined in a commercial sample of the 
oxide, proceed as indicated in the preceding section for the pre])aration of the 
standard zinc oxide solution and keep the conditions as nearly the same as 
possible, i.e. titrate at -80° in a volume of 180 200 c.e. of solution, contain- 
ing 6 c.c. of concentrated hydrochloric acid ^ and 10 grms. of ammonium 
chloride. A little lead in the solution will not affect th(‘ result ap])reciably. 

Zinc oxide is soluble, even after ignition, in a mixture of equal volumes of 
ammonia (sp. gr. 0*924), ammonium carbonate (20 ])er cent.) and ammonium 
chloride (20 per cent.). Hence Tambon ® determines the zinc oxide in “zinc 
white” and “zinc grey” by digesting 10 grms. of the sample with 300 c.c. of 
the above solution and shaking the mixture a few minutes. After standing 
10 minutes,® filter, wash and dry the insoluble residue. The difference betvreen 
this weight and the original sample represents the zinc oxide. Instead of 
estimating the soluble zinc by difference, it can be determined volu metrically. 
If soluble zinc salts are present, they must be first removed by washing with 
warm water before digesting with Tambon’s solution.’ 


rotating the beaker, the liquid inside the tube not being acted upon. Hence, by using 
the tube as a stirrer, the untitrated liquid within it neutralises any over- titration. The 
last drops of the standard solution arc then added very fjautiously. 

^ An ingenious method for calculating the indicator allowance in this and other titrations 
is given by B. Park, Ind. Eng, Chem. Anal. Ed., 8 , 32, 1936. 

* B. Park (Journ. Amer. Chem. Soc., 54 , 180, 1932) points out that, in the analysis of 
zinc ores, when hydrogen sulphide is added to precipitate any copper or to reduce oxidising 
agents in the zinc solution before titration, excess hydrogen sulphide will also reduce any 
ferricyanide in the standard ferrocyanide, thus altering its titre. Hence he standardises the 
ferrocyanide solution against a zinc standard in the presence of hydrogen sulphide. 

® M. Schaffner, Berg. Hutt. Ztg,, 16 , 40, 1867; Journ. prakt. Chem., ( 1 ), 73 , 410, 1868; 
C. Kiinzel, ih., ( 1 ), 88 , 486, 1863; S. Urbasch, Chem. Ztg., 46 , 101 , 126, 133, 138, 1922; C. 
Boy, ih., 47 , 758, 1923; E. Donath and G. Hattensaur, ib., 14 , 323, 1890; A. Beckers, Bull. 
80 c. chim. Belg., 20 , 164, 1906; E. Beyne, ib., 33 , 607, 1924; 34 , 38, 1926; V. Hassreidter, 
ib., 20 , 373, 1906; Zeit. anal. Chem., 56 , 311, 506, 1917; J. Patek, ib., 55 , 427, 1916; 
W. OrUk, ib., 56 , 141, 1917; G. Fenner and Rothschild, ib., 56 , 384, 1917; V. Hassreidter, 
Zeit. angew. Chem., 21 , 66 , 1908. 

^ if more hydrochloric acid be used, the indicator allowance will be larger than 0*5 c.c. 
and the result will be uncertain. 

* J. Tambon, Bull. 80 c. chim., (4), i, 823, 1907. 

? “Zinc grey” requires 30 minutes’ digestion. 

’ Recent work on the determination of zinc is discussed by M. Frommes, Zeit. anal. 
Chem., 97 , 36, 1934, For the determination of small amounts of zinc by “dithizone,” see 
P. L. Hibbard, Ind, Eng, Chem. Anal, Ed.-, 9 , 127, 1937, and footnote 6 , piige 372. 



CHAPTER XXVIIT. 


THE DETERMINATION OF MANGANESE. 

§ 189. The Effect of Manganese on Silicate Analyses. 

Fireclays often contain up to 0*2 per cent, of manganese. This element is 
usually ignored in clay analyses when, as Hillebrand ^ has shown, if present, 
it will be found distributed between the ammonia precipitate, the lime and 
the magnesia, even when a double ammonia jirecipitation is made. Much 
remains in the ammonia precipitate, presumably because the manganese is 
poroxidised, when it is precipitated in ammoniacal solutions.- For instance, 
Steiger found : — 

Table L. — Distrihufion of Manganese among the Different Constituents 

of a Clay Analysis, 


ComjK).sition of rock. 


Manganese found. 







With 



AljO, 

FejOa. 

CaO. 

xMgO. 

Total. 

AI 2 O 3 

FcaOa 

\A^ith 

('aO. 

With 

MgO. 





by diff. 


9-35 

11-84 

2-81 

i 

0-311 

0-036 

0-023 

0-252 

1271 

11-98 

4-3(» 

0-442 1 

0-()88 

0-016 

0-338 

4-80 

50-51 

1-04 

0 - 7 (H) i 

0-301 

0-087 

i 0-312 

3-49 

3-99 

0-92 

0-016 ! 

0-016 

nil 

nil 

1 (M) 

28-04 

19-11 

0-574 

0-032 

1 0-101 

0-441 


If the manganese is to be determined in a silicate or clay, one of two methods 
may be adopted.® The manganese is either preeijutated with the aluminium 
hydroxide by peroxidising the manganese as indicated on page 157; or the 
iron and aluminium hydroxides are precipitated by the basic acetate process, 
redissolved and reprecipitated by ammonia. The manganese will be found in 
the combined filtrates.^ In the former case, the manganese can be deter- 

^ W. F. Hillebrand, Bull. V.S. Qeol. Bur., 700 , 134, 1919; P. de Sorray, Btdl. Asfior. Chim. 
Suer. Dist., 27 , 671, 1910; H, Rose, Fogg. Ann., no, 292, 1860; Chem. Neivs, 2 , 266, 1860; 
L. A. Dean and E. Truog, Ind. Eng. Chem. Awil. Ed., 7 , 383, 1935. G. E. F. Lundell and 
H. B. Knowles (Journ. Amer. Chem. 80 c., 45 , 676, 1923) state that moderate amounts of iron 
and aluminium can be separated from manganese and nickel by precipitation with ammonia 
just as well as by any other process. Compare E. A. Ostroumov, Zavadskaya Lab., 6 , 16, 1937. 

* footnote 5, page 383. 

® Many other methods are available. Sc»e A. R. Taborda, Bev. Brasil Chim., (Sao Paulo), 
3 , 168, 1937. 

* When minute amounts of manganese are in question, it may be well to bear in mind 
that laboratory glass generally contains a little manganese, which is dissolved out by alkali — 
E. A. Gortner, Amer. Chem. Joum,, 39 , 157, 1908. 
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mined by the colorimetric proceSvS in an aliquot portion of the pyrosulphate 
fusion. In the latter case, the manganese can be precipitated by ammonium 
sulphide, or by bromine, and subsequently determined colorimetrically, or 
gravimetrically as phosphate. The basic acetate process is generally used for 
the separation of alumina and iron from manganese, zinc, cobalt and nickel. 

§ 190. The Detection of Manganese. 

Sacher ^ detects one part of manganese in 200,000 parts of solution by 
precipitating manganous hydroxide by alkali, allowing the precipitate to 
oxidise partially in air and then treating with a few drops of 0*5N-oxalic 
acid until just dissolved. A red coloration is develo])ed sharply. Reducing 
agents, tannic acid, excess of oxalic acid and high temperatures should be 
avoided. 

Leitmeier ^ detects manganese in rocks by adding to a spot of the solution 
of the mineral on filter-paper a drop of aqueous potash, followed by a drop 
of a solution of benzidine in acetic acid. A blue colour appears if manganese 
is present. 

§ 191. The Precipitation of Manganese by the Bromine Process. 

Add 15 c.c. of 33 per cent, sodium acetate solution to the filtrates from, 
say, the basic acetate se])aration, and then add 2 3 c.c. of liquid bromine.® 
Heat the solution to boiling. If the solution, on standing, has a yellow colour, 
sufficient bromine is present; if not, add more bromine. Filter off the pre- 
cipitate on a close-grained fdter-paper. Add more bromine to the filtrate and 
boil again. If more manganese is thrown down, filter and repeat the process 
until no manganese is preci])itated. Wash the pretdpitate.'* If the later 
washings carry any mangancvse, re-filter. 

The mixed precipitates are now ignited and weighed as Mn 304 .® This 

' J. F. Sacher, Chetn. Ztg,j 39, 319, 1915; Chem. Zenir., (1), 438, 1916. For modifications 
of this test, see W. Prandtl, Ber,, 49, 1613, 1916; V. Maori, Boll, chim, farm.,, 56, 377, 1917; 
H. Caron and D. Raquet, Ann. Chim. anal., (2), I, 174, 1919; G. Denigds, ib., (2), 2, 215, 1920. 

* H. Ivcitmeier, Tsch. Min. BKr. Mag., 41, 87, 1931. 

® Liquid bromine is recommended because it keeps down the volume of the solution. 
Some add bromine w^ater, that is, water saturated with bromine. The latter is made by 
keeping water in a bottle with an excess of liquid bromine. L. L. de Koninck {Zeit. anal. 
Chem., 18, 468, 1879; Chem. News, 43, 34, 1881) recommends a saturated solution of bromine 
in a 10 jKjr cent, aqueous solution of pf)tassium bromide. Others recommend a saturated 
solution of bromine in concentrated hydrochloric acid. The latter solution is strongly acid; 
Koninck’s solution is neutral. For the presence of bromoform in commercial bromine, 
see S. Reymann, Ber., 8, 792, 1875; G. Torossian, Journ. Ind. Eng. Chem., 8, 663, 1916; 
R. Namias, Vlnd. chim. min. met., 4, .52, 1917. 

It is very difficult to wash the precipitate free from the alkalies carried down by the 
manganese oxide. Ammonium acetate in place of sodium acetate in the basic acetate separa- 
tion helps a little, but the separation of manganese is not so good. A. G. M‘Kenna, Tech. 
Quart., 3, 333, 1890; Chem.. News, 63, 184, 1891; V. Eggertz, ih., l8, 232, 1868; ib., 43, 
226, 1881 ; C. Reinhardt, Chem. Ztg., 10, 323, 357, 372, 1886; C. Holthof, Zeit. anal. Chem., 
23, 491, 1884; F. Kessler, ih., 18, 1, 1879; N. Wolff, ib., 22, 520, 1883; P. Waage, ib., lo, 
206, 1871; H. Kammerer, Ber., 4, 218, 1871. 

® S. U. Pickering, Chem, News, 43, 225, 1881; C. R. A. Wright and A. P. Luff, Joum. 
Chem. Soc., 33, .525, 1878; C. R. A. Wright and A. E. Menke, ib., 37, 775, 1880; W. Bittmar, 
ib., 17, 294, 1864; J. and H. S. Pattinson, Journ. Soc. Chem, Ind., 10, 333, 1891; E. H. 
Saniter, ib., 13, 112, 1894; H. D. Richmond, Analyst, 19, 99, 1894; F. A. Gooch and M. 
Austin, Zeit. anorg. Chem., 17, 268, 1898; R. Schneider, Pogg, Ann,, 107, 605, 1869; C. 
Meineke, Zeit. angew, Chem,, i, 3, 1888; W. C. Heraeus and W. Geibel, ib., 20, 1892, 1907; 
A. Gorgeu, Compt. rend., 106, 743, 1888; W. W. Randall, Amer. Chem. Joum., 19, 682, 
1897; St 0. Deville, Compt. rend., 56, 977, 1863; Chem. News, 7, 294, 1863; Ballot, Bull. 
Sci. pharmacol., 26, 514, 1919; Chem. Zentr., {2), 425, 1920; W. (k)meliu8, Pharm. Ztg., 58, 
427, 1913; M. Herschkowitsoh, Zeit. anal. Chem., 59, 11, 1920. 
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weight multiplied by 0*93008 gives the corresponding amount of MnO. If the 
crucible be surrounded by oxidising gases during the ignition, the composition 
of the precipitate will not deviate appreciably from Mn 304 ; but if reducing 
gases be present, this formula will not represent the composition of the ignited 
precipitate (page 166). MnO is formed if the manganese compound be calcined 
at a red heat in a Rose’s crucible (fig. 98) in a vigorous current of hydrogen; 
and the higher oxides hum Mn 304 if ignited in a current of carbon dioxide, or 
the sesquioxide, Mn 203 , by ignition in a current of oxygen.^ The MnO formed 
as just described is said to be a “convenient and accurate form in which to 
weigh manganese.” 

The chief disadvantages of the bromine prcci [Station are: (1) the con- 
tamination of the precipitate with alkalies; and (2) uncertainty in the com- 
position of the ignited oxide. A re precipitation by bromine and ammonia 
will generally free the precipitate from foreign contaminations. Instead of 
weighing the luecipitate as Mn 304 , many ])refer to dissolve the moist precipitate 
in dilute acid and determine the manganese volumetrically, colorimetrically 
or gravimetrically by the phosphate process. 

Other oxidising agents ammonium, potassium or sodium persulphate,*-^ 
hydrogen peroxide^ — are often used instead of bromine for precipitating 
manganese as hydrated peroxide.* 


§ 192. The Precipitation of Manganese by Ammonium Sulphide. 

Ammonium sulphide alone precipitates manganese, zinc, nickel and cobalt 
sulj)hides very imperfectly; but if ammonium chloride be present, precipitation 
is practically complete. Fresenius ^ says that these elements can be pre- 


^ r. N. Jtaikow and 1*. TinchkofT, Chem, ZUj.y 35 , 1013, 1911. 

2 Ji. Dode, Chew, 35 , 1077, 1911; G. van IVlt, Hull. Soc. ehiw. Behj,^ 28 , 101, 138, 
1914; M. Huybrechts and N. Joasaart, tV/., 27 , 130, 1913; M. Herschkowitsoh, Zeii. anal. 
Chem.f 59 , 11, 1920; K. A. Jensen, ib.^ 86 , 422, 1931; M. Dittrich and C. llassel, Jier.y 
36 , 284, 1423, 1903; 35 , 3206, 1902. If cobalt be present, along with manganest^ salts, 
some cobalt will be precipitated by the persulphate, as well as manganese peroxide. F. 
Mawrow, Zeit. auorg. Chew., 24 , 263, 1900; T. 8 oniiya, Journ. Hoc. Chem, Ind. Japan, 33 , 
255B, 1930. Compare G. E. F. Lundell, Journ. Amer. Chem. >SV., 45 , 2600, 1923; H. W. 
Willard and J. J. Thompson, Ind. Eng. Chem. Amil, Ed., 3 , 399, 1931. 

’ P. Jannasch, Prakl. Leiifaden Gewichtsanalyse, Leipzig, 47, 1897; P. Jannasch and 
H. Lt^hnert, Zeit. anorg. Chem., 12 , 134, 1896; P. Jannasch and E. von Cloedt, ib., 10 , 399, 
405, 1895; I*. Jannasch and K, Niederhofheim, Her., 24 , 3945, 1891; P. Jannasch and 
J. F. MacGregory, Journ. prakt. Chew., (2), 43 , 402, 1891; A. J. Walker and W. Farmer, 
Proc. Chem. Hoc., 30 , 139, 1914; A. Carnot, Compt. rend., Ii6, 1295, 1893; Bull. Sc*c. 
chim., (3), 9 , 613, 1893; G. Lunge, Her., 18 , 1874, 1885; Cofnpt. rend., 116 , 1375, 1893; 
H. C. Jones, ib., II7, 781, 1893; Amer. Chem. Journ., 12 , 279, 1890; G. van Pelt, Bull. Hoc. 
chim. Belg., 28 , 101, 138, 1914; J, S. Teletov and N. N. Andronikova, Bull. Hoc. chim., (4) 
45» 674, 1929; Ukrain Chem. Jmrn., 4 , 341, 1929; H. J. Taverne, Chem. Weekblad, 20 , 
210 , 1023. 

* M. Dittrich and C. Hassel, Ber., 36 , 284, 1423, 1903; Zeit. anal. Chem., 43 , 382, 1904; 
M. Dittrich, Ber., 35 , 4072, 1902; M. E. Pozzi-Escot, Ann. Chim. anxil., 7 , 376, 1902; H. 
Baubigny, Compt. rend., 135 , 965, 1110, 1902; 136 , 449, 1325, 1903; G. von Knorre, Zeit. 
angew. Chem., 14 , 1149, 1901; 16 , 905, 1903; Zeit. anal. Chem., 43 , 1, 1904; 44 , 88 , 1905; 
E. Donath, ib., 44 , 698, UK) 5 ; H. Ltidert, Zeit. angeu\ Chem., 17 , 422, 1904; H. P. Smith, 
Chem. News, 90 , 237, 1904; H. Rubricus, Stahl Eisen, 25 , 890, 1905; M. Marqueyrol and 
L. Toquet, Ann. Chim. anal. Chim. appL, (2), 9 , 289, 324, 1927; E. V. Holt and H. F. 
Harwe^, Min. Mag., 21 , 318, 1927, 

® R. Fresenius, Journ. prakt. Chem., (1), 82 , 265, 1861; Zeit. anal. Chem., ii, 419, 1872; 
H. Raab and L. Wessely, ib., 42 , 433. 1903; A. Classen, ib., 16 , 319, 1877; 8 , 370, 1869; 
C. Melneke, Zeit. angew. Chem., i, 3, 1888; A. Volker, Liebig's Ann., 59 , 38, 1846; P, de 
Cleremont and H. Guiot, BM. Soc-. chim., ( 2 ), 27 , 353, 1877; J, C. Olsen and W. 8 . Rapalje, 
Joum. Amer. Chem. Soc., 26 , 1615, 1904; J. C. Olsen, E. 8 . Clowes and W. O. Weidmann, 
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cipitated from solutions containing the equivalent of 4 manganese 
oxide, and nickel or cobalt oxide in presence of an excess of 

ammonium chloride. ^ If free ammonia be present, the precipitation of 
manganese and nickel sulphides is retarded and a certain amount of these 
elements remains in solution. 

There are at least two varieties of manganese sulphide. ^ The one is pink 
or flesh-coloured and colloidal and readily passes through the filter-paper. Nor 
does the pink variety settle readily from the solution. The other sulphide is 
green in colour, coarse grained, crystalline and settles quickly. The latter can 
be easily filtered and washed. The pink variety, in presence of an excess of 
ammonium sulphide,^ soon passes into the green variety when heated, but the 
change is retarded by the presence of ammonium chloride and many foreign 
salts. ^ Hence ammonium chloride facilitates the separation of manganese 
sulphide, but hinders the transformation of the pink into the green sulphide. 
The pink modification is the first product of the reaction and this is 
transformed into the green modification later on. The analyst must there- 
fore use methods which ensure a complete conversion of the manganese into 
sulphide and the transformation of the pink into the green sulphide. The 
best conditions are: ( 1 ) an excess of ammonium chloride before adding the 
sulphide; and (2) a large excess of ammonium sulphide in hot solutions. The 
ammonium sulphide must be free from yellow polysulphide, since manganese 
sulphide is slightly soluble in ammonium polysulphide. ^ 

Suppose, then, that the manganese is to be precipitated by ammonium 
sulphide. Evaporate tlie filtrate, if necessary, to about 200 c.c. Pour the 
solution into an ICrlenmeyer’s flask; add 2-3 grins, of ammonium chloride 
and ammonia until the solution is alkaline. Pass hydrogen sulphide 
through the boiling solution * for about 10 minutes. Cork the flask and 
let it stand for about 24 hours in a warm place.’ This procedure gives 


ib., 26 , 1622, 1904; F. Muck, Zeit. Chem., (2), 5 , 580, 1869: (2), 6 , 6 , 1870; H. How, Chetn, 
News, 19 , 137, 1870; W. Bottger, Ber,, 33 , 1019, 1900; Chem. News, 82 , 247, 19(K); M. 
Antony and P. Donnini, Gazz. Chini. lUiL, 23 , i, 560, 1893; F. Secligmann, Zeit. anal. Chem., 
53 , 594, 1914; 54 , 104, 1915. 

^ And irnff of zinc oxide, if zinc lie present. 

* V. M. Fischer, Journ. Buss. Phys. Chem. Sac., 46 , 1481, 1519, 1914. 

^ Not with sodium or potassium sulphide (Muck, Lc.). 

* A. Villicrs, Compt. rend., 159 , 67, 1914. 

® For the retarding action of salts of organic; acids on the precipitation of manganese 
sulphide, see page 384; and for the retarding action of ammonium salts, see H. Rose, Chem. 
News, 2 , 302, 1860. 

® Fischer {l.c.) says that if the solution be boiled, alkaline earth metals may l)e precipitated 
as carbonates, due to absorption of carbon dioxide from the air. He recommends the follow- 
ing procedure: To 100-2()0 c.c. of solution add 5-15 grms. of ammonium chloride and 
50-60 c.c. of ammonia (sp. gr. 0*895). Now from a dropping funnel add, in the course of 
10-15 minutes, 50-60 c.c. of ammonium hydrosulphide, freshly prepared from 2*5 per cent, 
ammonia solution. Shake constantly during the addition but do not warm. If the sulphide 
is not entirely in the green form at the end of the addition, cork the flask and stand for 16-90 
minutes. Dilute to 500-700 c.c. with cold, freshly boiled distilled water, filter and wash 
with a dilute solution of the precipitant, containing a little ammonium chloride. E. Murmann 
{Monats. 19 , 404, 1898) adds a little mercuric chloride before passing the hydrogen sulphide 
through the hot solution. The precipitate of the green sulphide so obtained is easily filtered 
and washed. The mercury volatilises as soon as the precipitate is ignited. 8 eeligmann 
(l.c.) adds a little hydrogen peroxide to the solution before adding ammonia. 

’ If the solution happens to contain much lime, as sometimes occurs in the analysis of 
blast-furnace slags, the prolonged standing leads to the formation of crystals, probably 
calcium thiosulphate (L. Blum, ZeM. anal. Chem., 28 , 454, 1889). In that case, it is better 
to follow H. Rose (Auafiihrliches Handhuch der analytischeM Chemie, Braunschweig, I, 167, 
1864) and boil the solution while repeatedly adding ammonium sulphide. Filter at onee. 
No calcium thiosulphate is then formed. 
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a granular precipitate.^ Collect the precipitate ^ on a small filter-paper — 
say 7*5 cm. diameter. Wash with water containing a little colourless 
ammonium sulphide.® Dissolve the precipitate in a little dilute sulphuric acid 
if the manganese is to be determined gravimetrical ly as phosphate. 

5^ § 193- The Gravimetric Determination of Manganese — 

Gibbs* Phosphate Process. 

Manganese is separated from the alkaline earths by precipitation with 
ammonium sulphide, or with oxidising agents like potassium chlorate, 
potassium persulphate or bromine. The precipitate is dissolved in hydro- 
chloric acid (1:1), and microcosmic salt is added to the solution. A 
precipitate of ammonium manganese phosphate is obtained similar to the 
precipitate obtained with magnesium.^ This is converted into the pyro- 
phosphate by ignition and then weighed. 

First Precipitation . — The cold solution of the manganese oxide in hydro- 
chloric acid (1 : 1) is supposed to contain no more manganese than is represented 
by 0*1 grm. MnO per 100 c.c. of solution. Add an excess of a cold saturated 
solution of microcosmic salt ® with constant stirring. Then add a few grms. 
of ammonium chloride, followed by a slight excess of dilute ammonia. Heat 
the mixture until the precipitate becomes crystalline, and let the whole stand 
for about l| hours, till cold. Filter and wash with cold, slightly ammoniacal 
water,® dry the precipitate at a gentle heat and ignite as descri})ed below. If the 
manganese salt is associated with other salts in solution, a second precipitation 
must be made.’ A large excess of microcosmic salt is necessary in order to 

^ A black precipitate indicates that nickel, cobalt, cM)pper or platinum may be present. 
With clays, however, there is little ehanec of this, but plat ilium may be derived from the 
platinum crucible during the jiyrosulphate fusions. For the separation when 7 .inc, etc., is 
present, see page 385. 

2 If some sulphide sticks to t he walls of the flask or beaker, wash the vessel with dilute 
nitric acid. The resulting solution is either added to that obtained by dissolving the pre- 
cipitate, or it is evaporated to dryness in a weighed crucible, calcined to Mn 304 , and the 
result added to the weight of the main precipitate. It is important to test the filtrate for 
manganese, and to test the jirecipitate for silica, barium, etc., if only one precipitation 
followed by roasting to Mn ,04 be made — .J. and H. 8 , Pattinson, Chem. News, 8 i, 193, 1900. 

® L. Blum (Zeit. anal. Chem.f 44 , 7, 1905) says there is frequently a slight oxidation of 
sulphide to sulphate, and in consequence traces of barium and strontium, if present, may bo 
precipitated. 

* W. Gibbs, Chem. News, 17 , 195, 1868; Amer. J. Science, ( 2 ), 44 , 216, 1867; Zeit. anal. 
Chem.y 7 , 101, 1868; K. Fresenius, ib., Ii, 415, 1872; F. Kessler, ib., 18 , 8 , 1879; H. D. 
Dakin, ib., 39 , 784, 1900; Chem. News, 83 , 37, 1901; W. Bottger, ih., 82 , 101, 1900; Ber., 
33 , 1019, 1900; A. G. M‘Kenna, Tech. Quart., 3 , 333, 181H); Chem. News, 63 , 184, 1891; T. 
Moore, ib., 63 , 66 , 1891; G. L. Norris, Journ, Sac. Chem. hid., 20 , 551, 1901; E. H. Saniter, 
ib., 13 , 112, 1894; K. C. Boyd, School Mines Quart., ii, 355, 1890; L. Rurup, Chem. Ztg., 20 , 
285, 337, 1896; A. Ledebur, ib., 8 , 910, 927, 963, 1884; F. A. Gooch and M. Austin, Zeit. 
anorg, Chem., 18 , 339, 1898; Am/er. J. Science, (4), 6 , 233, 1898; Chem. News, 78 , 239, 246, 
1898; C. E. Munroe, Amer. Chem., 7 , 287, 1877; M. Lindeman and J. Motteu, Bull. 80 c. 
chim., (3) 13 , 623, 1896; F. H. Campbell, Journ. Soc. Chem. hid., 32 , 3, 1912; L. W. Winkler, 
Zeit. angew. Chem., 35 , 234, 1922; R. Strebinger and J. Poliak, Mikrochem., 4 , 15, 1926; 
P. Nuka, Zeit. anal. Chem., 87 , 7, 1931; iMvij Univ. Jiaksti, 2 , 1, 1931. 

® Ammonium Sodium Phosphate Solution. — A saturated solution has nearly 170 grms. 

litre. 1*5 grms. suffice for 01 grm. of MnO. Hence 9 c.c. will be required per 0-1 grm. 

® P. Nuka {l.c.) says that the only satisfactoiy wash liquor is a hot 1 i>er cent, solution of 
diammonium hydrogen phosphate, (NH 4 )aHP 04 ; the latter is then washed away with 60 
per cent, alcohol. 

’ D. Balarev and N. Desev (Zeit. anal. Chem., 70 , 444, 1927) say that the presence of 
much acetate, sulphate, potassium or sodium iea^ to high results and that the error caused 
by sodium acetate cannot be eliminated by repreoipitation. 
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render the precipitate insoluble, especially in the presence of ammonium 
salts. ^ 

Second Redissolve the j)reci|)itato in an excess of hydro- 

chloric acid. Heat the solution to boiling and add a slight excess of ammonia 
and microcosmic salt solution. The flocculent white gelatinous precipitate 
of manganese ammonium pho8])hate so produced passes into a flesh-coloured 
crystalline precipitate — NH 4 MnP 04 — when the solution is boiled, or allowed 
to stand for some time.**^ The precipitation is best performed in a platinum 
vessel; but a glass vessel is quite satisfactory. When cold, filter either 
through an asbestos-packed Gooch crucible or through filter-paper, and 
wash with very dilute, cold ammonia solution until the wash-water acidified 
with nitric acid gives no turbidity with a drop of silver nitrate solution. This 
is important.^ Add more microcosmic salt to the filtrate. If a precipitate 
settles after standing several hours, filter it through a small filter-paper. 
Dry the precipitates. 

Ignition of the Precipitate, lii the filtration has been done through filter- 
paper, transfer the dried precif)itate to a watch-glass. Ignite the paper separ- 
ately in a porcelain crucible. Then transfer the precipitate from the watch- 
glass and ignite at a red heat. The temperature should be raised very gradually, 
in order to prevent any solid from being carried away with the ammoniacal 
vapours. The ignited precipitate should be white or pale pink. 

Calculation. — The weight of the calcined manganese ])yrophosphate — 
Mn 2 P 207 — multiplied by 0*5 (or, more exactly, by 0*4998), and divided by the 
weight of the sample, represents the amount of manganese oxide — MnO — in 
the given sample. 

Errors. — If the precipitate be coloured brown, the manganese was not all 
converted into the phosphate. In that case, redissolve the precipitate in 
hydrochloric acid (1 : 1), and repeat the precipitation with more microcosmic 
salt. If the precipitate is not all soluble in the hydrochloric acid, some silica 
was probably precipitated with the manganese. In that case, filter the 
solution, wash, ignite and weigh the insoluble silica. Deduct the weight of the 
silica from the weight of the nominal manganese phosphate. 

The process docs not give good results in the presence of zinc, nickel, 
copper and other inetals which give precipitates of sparingly soluble phosphates 
in ammoniacal solutions. It is an excellent method for converting precipitates 
by, say, bromine into a weighable form, and for separating manganese from 
those elements which are not liable to 2 >recipitation in ammoniacal phosphate 
solutions. 

In test experiments, using 50 c.c. of a saturated solution of microcosmic 
salt, 20 grnis. of ammonium chloride and a solution diluted to 200 c.c., Gooch 
and Austin obtained the following figures: — 

MnO used . 0*0942 0*0942 0*0942 0*1885 0*1885 0*1885 grm. 

MnO found . 0*0951 0*0955 0*0956 0*1888 0*1886 0*1889 grm. 

Error . 0*0(X)9 0*0013 0*0014 0*0003 0*0001 0*0004 grm. 

^ The proportion of ammonium chloride to the ammonium manganese phosphate should 
l)e as 50 : 1. A very large excess of ammonium chloride may be added without any per- 
ceptible solvent action. K. Fresenius (/.c.) says that 1 part of the precipitate dissolves in 
32,092 parts of cold water, in 20,122 parts of boiling water, and in 1776 parts of a solution 
of ammonium chloride (1 : 70). This latter statement, however, does not hold good when 
an excess of the phosphate used for precipitating is present. 

^ A large excess of ammonium chloride favours a rapid transformation; ammonium 
nitrate is not so good. 

^ Ammonium chloride would be volatilised during the ignition, but a trace of manganese 
chloride might be formed. There is no danger from this if the washing be oondUotad as 
described in the text. 



THE DETERMINATION OF MANGANESE. 399 

The positive error here observed appears to be due to the slight adsorption of 
the microcosniic salt by the precipitated phosphate.^ The average error in 
duplicate determinations did not, therefore, exceed grin, when expressed 
in terms of MnO. 

§ 194. The Volumetric Determination of Manganese— 
Pattinson’s Process. 

A large number of rapid methods has been suggested, by precipitating the 
manganese as hydrated manganese dioxide — possibly MnO(()H) 2 -" by reagents 
such as potassium chlorate, ^ zinc oxide and bromine,® bleaching powder and 
ferric chloride,^ ammonium jiersulpliate,® and subsequently determining the 
manganese dioxide by one of the many available volumetric processes. These 
processes can be made to give accurate results under special conditions, but 
there is some uncertainty as to the composition of the precipitate, and in 
routine work an allowance is frequently made for the deviation in the com- 
position of the precipitate from the assumed MnO(OH) 2 . When ores are only 
occasionally analysed, the corrections are troublesome. Ledebur, Saniter, 
Riirup and others have examined Volhard’s, Pattinson’s and other methods. 
Pattiiison\s gives excellent results. This process is based on the fact that the 
whole of the manganese in a solution of manganese chloride can be precipitated 
as manganese dioxide in the presence of ferric or zinc chloride by an excess of 
an aqueous solution of calcium hypochlorite or bromine water. 

Diaaolntion of the Mineral. — I)igest 10 grins, of the finely powdered and 
dried (lUf’) mineral in 100 c.c. of concentrated hydrochloric acid. Add 5 c.c. 
of concentrated nitric acid and evaporate down to a small volume.® Transfer 
the solution to a 1(K) c.c. flask and make up to the mark with water. 

Conversion of the Manqanese Chloride into Manganese Pcrox/dc.- Agitate 
the contents of the flask, and pipette 20 c.c. into a litre beaker or Erlenmeyer’s 
flask. Add sufficient ferric chloride to make the amount of ferric and man- 
ganese chlorides present in the solution approximately equal. This ensures 


^ The positive error introduced by precipitation in the presence of sodium salts has been 
pointed out by Balarev and J^sov, Nuka and Winkler (see footnotes 6 , 7, page 397). To avoid 
the introduction of sodium compounds, Winkler precipitates in boiling, faintly acid solution 
with a 20 per cent, solution of diammonium hydrogen phosphate. Xuka states that high 
and variable results are also obtained if the precipitate is made to become crystalline by 
heating; it should form slowly and bt' (Tystalline from the start.. 

* W. Hampe and M. Ukena, Zeit. ami. Chern., 24 , 431, 1885; 32 , 369, 1893; A. P. Ford, 
Trans. Amer. Inst. Min. Eng., 9 , 397, 1880; F. Williams, ih., 10 , 1 (X), 1881; K. Bolling, 
Journ. Amer. Chem. Sw., 23 , 493, 1901; J. B. Hannay, Joum. Chem. Soc., 33 , 269, 1878; 
F. F. Beilstein and L. Jawein, Ber., 12 , 1586, 1879; M. A. von Reis, Chem. Ztg., 15 , 1791, 
1891; W. Hampe, 16 ., 15 , 1.579, 1891; F. A. Gooch and M. Austin, Zeii. a/twrg. Chem.., 17 , 
253, 1898; M. Marqueyrol and L. Toquet, Ann. Chim. anal. Chim. appL, ( 2 ), 9 , 289, 324, 1927. 

* A. H. Low, Joum. Anal. App. Chem., 6 , 663, 1892; Chem.. News, 67 , 162, 1893. 

* J. Pattinson, Joum. Chem. Soc., 35 , 365, 1879; Joum,. Soe. Chem. Ind., 5 , 422, 1886; 
J. and H, S. Pattinson, ib., 10 , 333, 1891; R. W. Atkinson, ib., 5 , 365, 1886; E. H. Saniter, 
ib.y 13 , 112, 1894; J. Pattinson, Chem. News, 21 , 267, 1870; 41 , 179, 1880; G. Lunge, ib., 
41 , 78, 120, 141, 179, 181, 1880; W. Weldon* 41 , 207, 1880; C. R. A. Wright, Jourji. Chem. Soc., 
37 , 22, 49, 1880; A. Ledebur, Chem. Ztg., 8 , 910, 927, 963, 1884; F. Jean, Bull. Soc. chim., 
(3), 9 , 248, 1893. 

® G. von Knorre, Zeit. wixgew. Chem., 14 , 1149, 1901; 16 , 905, 1903; P, Nicolardot, A. 
R 6 glade and M. Geloso, Compt. rend., 170 , 808, 1920; Ami. Chim. anal. Chim. appl., (2), 4 , 69, 
10^ 1922; J. Majdel, Zeit. atial. Chem., 81 , 14, 1930; N. S. Krupenko, Zavadskaya Lab., 3 , 
268, 1934. 

® The insoluble residue may be filtered off, ignited and fused with sodium carbonate. If 
the melt be coloured greenish-blue, take it up in dilute hydrochloric acid and add the solution 
to the main solution. 
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the precipitation of manganese dioxide instead of some lower oxide. 
Then add granular precipitated calcium carbonate, in small quantities at a 
time, until the free acid is neutralised and the solution, though clear, has a 
reddish-brown tinge. Now add 30 c.c. of a solution of ;5inc chloride ^ and 
50 c.c. of a solution 2 of ‘‘chloride of lime’’ (or 25 c.c. of a saturated aqueous 
solution of bromine). Add more calcium carbonate, with constant stirring, 
until the latter remains undissolved. Now^ stir in 700 c.c. of hot water at 
about 70®. The supernatant liquid should be colourless. If it be pink 
(calcium permanganate), add 2 c.c. of methyl alcohol and boil ; if it still be pink, 
repeat the treatment with methyl alcohol. Let the precipitate settle. Decant 
the clear supernatant liquid through an asbestos-packed Gooch crucible.® 
Wash four times by decantation with 300 c.c. of hot water (70®). Transfer tlie 
precipitate to the Gooch crucible without attempting to remove the last 
portions of the precipitate from the sides of the beaker. Wash the precipitate 
with hot (70®) water until the filtrate gives no blue coloration with starch-iodide 
paper. 

The Titration , — The precipitate and the asbestos are placed in the original 
beaker. Dissolve the precipitate in dilute sulphuric acid (1 : 1). When the 
brown colour has disappeared,^ add 50 c.c. of a freshly standardised solution of 
ferrous sulphate ^ acidified with sulphuric acid. Mix the solution thoroughly, 
and then titrate the excess of ferrous sulphate ® with 0*lN-potassium di- 
chromate or potassium permanganate solution.' 

Calculations, Ten grins, of the ore w’ere dissolved to give 100 c.c. of solution, 

and 20 c.c., equivalent to 2 grins, of the ore, were taken. 50 c.c. of ferrous 
ammonium sulphate solution, representing 89*24 c.c. of 0*lN-dichromate, 
were added; but only 38*4 c.c. of the dichromate solution were required in the 
titration. Hence 2 grins, of the ore represented 50*84 c.c. of the dichrornate 
solution. But 1 c.c. of O-lN-dichromate solution re})resent8 0*004347 grm. of 
Mn02 0*003547 grm. MiiO); hence, 50*84 c.c. of the dichromate solution 
represent 0*2210 grm. MnOg (or 0*1803 grm. MnO). That is, 2 grins, of the 
ore has the equivalent of 0*2210 grm. MnOg (or 0*1803 grm. MnO); that is, 
11*05 per cent, of MnOg (or 9*02 per cent. MnO). 

JE’rror^.- -This method will give results within 0*1 per cent, of the true 
percentage of manganese in a given sample. Lead, copper, nickel, cobalt and 
chromium lead to high results. The interference of up to 1 per cent, of lead. 


^ Containing the equivalent of half a gram of metallic zinc pcT 30 c.c. If ferric chloride be 
used in place of zinc chloride, an error amounting to 0-4-0*r) per cent, of manganese may be 
introduced into the determination owing to the presence of manganese in this salt. To 
correct, the amount of manganese in the ferric chloride can be determined by boiling the 
solution with ammonia and a little hj'drogon peroxide, dissolving the w*ashed precipitate in 
sulphuric acid and a little sulphurous acid, and determining the manganese by the colori- 
metric process. 

* Mix 15 grms. of fresh bleaching pow'der w'ith 100 c.c, of water, and, after standing some 
time to settle, decant the clear liquid. 

® The asbestos should be tested by a blank experiment w’ith ferrous sulphate to make 
sure that it contains nothing which will reduce the manganese dioxide. G. W. Sargent and 
J. K. Faust {Joum. Amer, Chem. Soc., 21, 287, 1899) use a filter tube packed first with glass- 
wool, then with sand and finally with asbestos. 

® If the ore contains organic matter, this must be filtered off through a Gooch crucible 
before attempting to oxidise the ferrous salt, since organic matter will reduce the ferric salts 
and give a high result. 

® Containing the equivalent of about 10 grms. of metallic iron per litre; i,e. 70 grms. of 
ferrous ammonium sulphate per litre, 

• A. Terreil, BidL Soc, chim,, (2), 35 , 551, 1881, 

^ In any case the dichrornate or permanganate should be standardised in a blank titration, 
using an amount of zinc or ferric chloride equal to that taken in the determination. 



THE DETERMINATION OF MANGANESE. 


401 

copper and nickel i.s not serious, but co))alt and chromium spoil the results. 
Higher oxides of these elements are probal)ly precipitated with the manganese 
dioxide and, later on, oxidise the ferrous sulphate. For instance, 100 parts of 
Mn 304 , with 1 part of the metals indicated, gave the following results: 

Load. Co})por. Niokol. Cohalt. ('hroniiuni. 

100-23 100-23 1(K>23 l<K)-64 100-60 per cent. 

In the a])senc(^ of th(‘se disturbing elements, lOOlO-l per cent, would have 
been obtained. 


§ 195. The Volumetric Determination of Manganese — 
Volhard’s Process. 

Guyard ^ has shown that if a feebly acid or neutral solution of manganese 
sulphate or nitrate be treated with a solution of ])otassium permanganate, a 
compact dark brown f)recipitate of a manganic acid is formed, which is some- 
times said to 1)0 H 2 Mn() 3 . The ]>ermanganate is decolorised as long as any 
manganese salt remains in solution; any further addition of the permanganate 
produces a pink coloration. In reality, the manganic; acid MnO(OH )2 is not 
precipitated, but rather a manganese manganite the composition of which 
varies with the conditions of the experiment. It is ac;cordingly difficult to 
get uniformly good results with Guyard’s })rocess. The reaction has been the 
subjcict of many investigations.^ Volhard showed that the process is more 
under control, for analytical purposes, if a strongly basic oxicle be present in 
the solution. Mercury, calcium, magnesium, barium and zinc salts may be 
used, but tli(‘ latter ajipears to be most suital>Ie. Meineke cjonsidered that a 
con8ideTal)le amount of zinc sulphate 25 to 30 grins. — is needed for the 


^ x\. Guyard, (Jhtrn. 8 , 1803; ana!. GArw., 3 , 373, 1804; />*«//. S(tc. chirn., 

(2), I, 80, 1804; F. dean, /A., (3), 9 , 248, 1893; A. Gurgou, ib., (3), 9 , 490, 1893. 

2 J. Volhard, Liebi(fs Avn.^ 198 , 218, 1879; (-hem. AVics 40 , 207, 1879; F. W. Daw, 
'i 6 ., 79 , 25, 58, 1899; T. Morawaki and 3. Stiiigl, /5., 38 , 297, 1878; Journ. prakt. Chem., (2), 
18 , 90, 1878; A. Gbilian, liir. i'vir. Minr»^ (3), 3 , 270, 1888; Chnn. News, 59 , 121, 1889; 
E. Doiiatli, *7;., 43 , 253, 1881: H. Brearlcv, ib., 79 , 47, 83, 1899; L. Kurup, ('hem. Ztg., 15 , 
149, 1891; A. Ledelmr, ib., 12 , 927, 1888;' 8 , S29, 1884: W. Hampe, ib., 7 , 1104, 1883; E. 
DlisH, ib., 34 , 237, 1910; E. DonatJi, Ib., 34 , 437, 1910; A. Kaysser, ib., 34 , 1225, 1910; R. 
iSchoffel and E. Donath, (Jester. Zeit, Berg. Hiiti., 31 , 229, 1883; C. G. Sarnstrom, Berg. Hiitt. 
Ztg., 40 , 425, 1881; Zeit. ana!. Chem., 22 , 84, 1883; L. Biuni, ib., 30 , 210, 1891; M. Orthey, 
ib., 47 , 547, 1908; Z. Karaoglanotf, ib., 49 , 419, 1910; V. Winkler, ib., 3 , 423, 1804; R. 
Habich, ib., 3 , 474, 1804; W. M. Fischer, ib., 48 , 751, 1909; N. WoHf, ib., 43 , 564, 1904; 
Biahl Kisen, 4 , 702, 1884; 0. Reinhardt, ib., 5 , 782, 1885; 6 , 150, 1886; C. Meineke, Zeit. 
arm!. Chem., 24 , 42.3, 1885; Bep. ana!. Chem., 3 , 337, 1883; 5 , I, 1885; Zeit. angew. Chem., I, 
228, 1888; E. Mayer, ib., 20 , 1980, 1907: A. Longi and S. Camilla, (Jazz. Chim. Ita!., 27 , 
(1), 87, 1897; G. Giorgis, ib., 26 , (2), 528, 1890; G. C. Stone, Journ. Amer. Ch^m. Boc., 18 , 228, 
1890; W. S. Thomas, ib., 17 , 341, 1895; W. A. Noyes, ib., 24 , 243, 1902; G. Auchy, ib., 17 , 
943, 1895; 18 , 498, 1890; C. T. Mixer and H. W. clii Bois, ib., 18 , .385, 1890; E. Cahen and 
H. F. V, Little, A^mlyst, 36 , 52. 1911 ; VV. Heike, Btah! Kisen, 29 , 1921, 1909; E. Muller and 
P. Koppe, Zeit. atwrg. Chem., 68 , 100, 1910; P. Slawik, Chetn. ZUj., 36 , 100, 1912; Z. Karao- 
glanoff, Jahrb. Univ. Sofia, 33, 1911; StahJ Kisen, 33 , 03.3, 1913; M. Huybrechts and N. 
Joassart, Bull. Soc. chim. Be!g., 27 , 130, 1913; S. Crook, (-heni. Neies, 107 , 1.57, 1913; 
J. G. F. Druce, ib., 134 , 145, 101, 1927; N. A. Valiaschko, Jonm. Ihiss. Phys, Chem. Soc., 
48 ) 1815, 1910; P. B. Sarkar and N. R. Dhar, Zeit. anorg. Chem., 121 , 135, 1922; O. Hackl, 
Chem. Zig., 49 , 257, 1925; E. de Luisi, Met. itaHana, ly, 404, 1925; L. M. Larsen, Chemist- 
Analyst, 20 , 10, 1931; E. I. Akhiimov and B. B. Vasil’ev, Zavadskaya Lab., 3 , 407, 1934; 
B. Reinitzer and P. Conrath, Zeit. anal. Chem., 68 , 129, 1920; B. Reinitzer and P. Hoffmann, 
ib., 77 , 407, 1929; K. Wohlmaim, ib„ 89 , 321, 1932; O. B. Darbishire, Jnd, Chemist, 3 , 172, 
1927; A. T. Chernuii, Journ. App. Chem. {U.S.S.R.), 8 , 1304, 1935. For a simple electro- 
metric method of titration, see B. F. Brann and M. H. Clapp, Journ. Amer, Chem. Soc., 
Sh 39 , 1929 . 
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purpose.^ The titration can be conducted with a greater degree of precision 
in the presence of some zinc sulphate, and the consumption of permanganate 
then corresponds with : 

3 MnS 04 + 2KMn04 + 2H2O - bMnOg + Ka804 -f 2H2SO4 

Ferrous salts should be absent, since they are transformed by the permanganate 
into ferric salts. Bromine or hydrogen j^eroxide can be used to oxidise the 
iron, but the excess of the oxidising agent must be removed by boiling. If 
ferric salts be present, they can be precipitated by the addition of zinc oxide, 
or by sodium bicarbonate, as in Sarnstrom’s method. It is somewhat diflicult 
to see when the reaction is complete, because the manganic oxide suspended 
in the liquid masks the rose colour of the permanganate. The precipitate, 
however, coagulates on warming, and then settles quickly. Volhard's process, 
more or less modified, is as follows: — 

Dissolution of the Material . — Dissolve a gram of the sample in a porc.elain 
basin with a suitable acid, say, 10 c.c. of concentrated hydrochloric acid,® 
assisted, if necessary, by nitric acid,^ particularly if sulphides be present, and 
ferrous iron is to be oxidised. Add 10 c.c. of concentrated sulphuric acid, and 
heat the mixture until the sulphuric acid fumes copiously.*'^ When cold, add 
25 c.c. of water and boil the solution a short time to dissolve the ferric sulphate. 
Transfer the mixture to a 500 c.c. flask. 

Precipitation of Iron . — Nearly neutralise the solution with sodium 
carbonate, and, if iron be present, add gradually an emulsion of zinc oxide ® 
in slight excess. Shake the mixture well after each addition, but avoid a large 
excess of the zinc oxide. Fill about three-fourths of the flask with water. 


^ J. Leroido and A. Bruiltet (Bull. Boc. chim., (5), 2 , 740, 1935) state that the presence of 
considerable alkali sulphide makes the addition of a stron^rly basic oxide unnecessary. 

* The reason for this is that the pu value of zinc hydroxide (pn, 5*2) exceeds that of 
ferric hydroxide (pn, 2*0) and also that of aluminium hydroxide (pa, 4*14), but falls below 
that of manganese hydroxide (pn, 8 * 8 ). Consequently, on adding an excess of zinc hydroxide, 
ferric iron and aluminium are precipitated, but not manganese — H. T. 8 . Britton, Ind. 
Chemist f 3 , 257, 1927. 

* Chlorides, over 0*5 grm. per litre, should be absent, or the results will be high. If 
chlorides be present, the precipitate may have a reddish colour; if absent, dark brown. 
Evaporation with sulphuric acid until the acid fumes copiously will drive off the combined 
chloride. 

* If the manganese is to be determined in the insoluble residue, fuse the insoluble matter 
with sodium carbonate, dissolve the resulting mass in acid and add the solution to the main 
solution. 

® Organic matter should be absent. It can be destroyed by calcination, or evaporation 
of the solution to dryness with sulphuric acid, or with nitric acid followed by calcination. 

® Zinc Oxide Emul.sion. — A mixture of pure zinc oxide and water will generally do the 
work — “generally,” because some samples of commercial zinc oxide are not effective in 
separating iron from manganese, possibly owing to the crystalline structure of the powder. 
A better emulsion is made by dissolving zinc chloride in water, or by dissolving zinc oxide 
in hydrochloric acid, heating the mixture with a little bromine, filtering off the excess of 
zinc oxide and precipitating zinc hydroxide from the solution by the addition of ammonia. I)o 
not add an excess of ammonia, or the zinc hydroxide will dissolve. Wash the precipitate 
several times by decantation with hot water and wash the oxide into a bottle, which is stoppered 
and preserved. Shake the mixture well before use. F. A. Emmerton, Trana. Amer. Inst. 
Min. Ertg., 10 , 201 , 1881. A. Guyard (Compt. rend., 97 , 673, 1883; Chem. News, 48 , 193, 
1883) reports the presence of manganese in zinc oxide. L. L. de Koninck tests the suitability 
of the zinc oxide for the determination by triturating 3 grms. with 30 c.c. of water containing 
1 grm. of iron alum in solution. The mixture is agitated with sufficient ON-sulphuric acid to 
diiolve all the zinc oxide. Avoid a large excess of acid. One drop of the permanganate 
solution should give a permanent pink coloration. If not, metallic zinc or zinc sulphide may 
be present. S. Crook (Chem. News, X 07 , 167, 1913; J. I. Hoffman, Bur. Standards Joum. 
Research, 7 , 888 , 1931) recommends a double preciptation with the zinc oxide emulsion and 
suggests a blank to correct for errors in the water, acid and zinc oxide. 
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Agitate the contents of the flask ^ and let the mixture stand to allow the ferric 
oxide to settle. If the solution be not colourless, more zinc oxide is probably 
needed. Make the solution up to the mark with distilled water. Agitate the 
solution and let the matter in suspension settle. 

The Titration. — Pipette 100 c.c. of the clear supernatant liquid into a 
250 c.c. flask . 2 Heat the solution and titrate, while hot, with a standard 
solution of potassium permanganate. The permanganate produces a pre- 
cipitate which discolours the liquid, hence it is necessary to titrate cautiously 
by agitating the flask after each addition and then letting the precipitate 
settle sufliciently to show whether or not the liquid is coloured pink.® The 
colour is best observed by holding the flask against a white background and 
observing whether or not the upper edges of the liquid are coloured pink. 
Warm (40'^) the solution being titrated, but the liquid must not be boiled.^ 
If the pink colour fades, add more permanganate. When the pink colour is 
permanent, take a final reading of the burette. 

Calculation. — The permanganate is prepared by the method described on 
page 175. On referring to the equation on page 402, it will be seen that 
2 KMn 04 reacts with 3MnO. Hence 1 grm. of KMn 04 represents 0*6733 grin, 
of MnO, or 1 c.c, of N-permanganate corresponds to 0*02128 grm. of MnO.® 

Errors. — A comparison of the results with the three processes here indicated 
on a commercial sample of ‘‘manganese oxide'’ gave: 

Gibbs’ phosphate process . 74*84 74*85 74*80 per cent. MnO. 

Volhard’s process . 74*68 74*66 74*56 per cent. MnO. 

Pattinson’s process . 74*71 74*70 74*74 per cent. MnO. 

The values by the phosphate process are probably 0*1 per cent. high. 
Volhard’s method is inclined to give too low values when the permanganate is 
standardised against iron or sodium oxalate. The permanganate should be 
standardised against manganese sulphate of known strength.® Gorgeu and 
Carnot ’ appear to think that the low values arise from the formation of a 
manganous manganite - Mn0.5Mu02“-by the manganese in the solution, and 
this retards the further action of the permanganate on the manganous oxide 
under investigation. When zinc sulphate is present, zinc manganite — 
ZnO.SMnOg — is formed, and this leaves only part of the manganese in solution 
to react with the permanganate. Bemmelen ® considers that the precipitated 
manganic acid adsorbs part of the manganese salts in the solution, and so 
removes a little manganese from the “sphere of action” of the permanganate. 

^ Many here reoommeiid the addition of a couple of drops of concentrated nitric acid. 

* The precipitate in the flask may appear bulky, but, as a matter of fact, it occupies very 
little volume. See page 62 for a discussion on the volume of suspended precipitates. The 
error is here negligible. 

® It sometimes saves time to take two aliquot portions. Titrate one by adding 1 c.c. of 
the permanganate at a time to obtain the approximate end-point, and in the other the titra- 
tion can be carried to a greater precision without any inordinate expenditure of time, B. 
Heinitzer and P. Conrath (Zeit. anal, Chem., 68, 129, 1926) add potassium fluoride to the solu- 
tion before titration, as it assists in the flocculation and settling of the precipitate. The 
interference of iron, if present, is also prevented, as potassium ferrifluoride is precipitated. 

* Owing to the well-known instability of the permanganate in the presence of the solid 
manganese oxide (page 179). 

* Some workers deduct 0*2 c.c. from the volume of permanganate used in the titration 
before the calculation is made, in order to allow for the presence of the tw*o drops of nitric 
acid which is supposed to facilitate settling and to counteract the effect of traces of organic 
matter. 

® See G. Auchy, Joum. Amer, Chem. 80 c,, 18, 498, 1896; Chem. News^ 74, 214, 248, 262, 
1896. 

’ A. Gorgeu, Bull. 80 c. chim., (3), 9, 490, 1893; A. Carnot, Compt. rend., 116, 1376, 1893. 

* J. M. van Bemmelen, Joum. praH. Chem., (2), 23, 387, 1888. 
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He further assumes that when a zinc salt is })rcscnt the zinc salt is adsorbed 
instead of the manganese salt. 

The chief errors arise from the presence of organic matter; the addition of 
too much zinc oxide; and standardising the permanganate against iron instead 
of against manganese reduced from permanganate. Cobalt and chromium 
interfere wdth the process.^ 

The method gives good results with compounds rich in manganese, 
although some obj(‘ct to the process, saying it gives erratic results. This 
criticism is too severe; when the peculiarities of the method are understood, 
it is reliable, and some analysts have said that they consider it to be “the 
simplest, quickest and most accurate process for the volumetric determination 
of manganese.” 

Fischer\s Modifieatltrn of Vol hard's Process, - This process, as recommended 
by Cahen and Little,**^ is as follows: The solution of the inangaiiese salt in 
hydrochloric or sul})huric acid is neutralised with caustic soda until a slight 
precipitate persists on shaking. The precipitate is just redissolved by the 
addition of a drop or two of -dilute sulphuric acid. Add JO grms. of zinc 
sulphate and heat the mixture to boiling. Add 1 grin, of freshly ignited zinc 
oxide, and titrate with permanganate, frequently heating nearly to boiling, 
until the permanganate is no longer decolorised. Cool the mixture under the 
tap for a minute or two, add 1-2 c.c. of glacial acetic acid and thoroughly 
agitate the solution. The hot (not boiling) liquid is then titrated with per- 
manganate, added a few drops at a time, with vigorous shaking after each 
addition, until the supernatant liquid retains its pink colour after being well 
shaken several times. The end-point is easily observed, because the precipitate 
settles very quickly in the presence of acetic acid. 

A difficulty arises during the titration unless Jhe volume of the perman- 
ganate is known to within 3 or 4 c.c., owing to the slowness with which the 
finely divided oxide settles in the presence of zinc oxide. The time required 
for a titration is very long, and the end-point is difficult to detect. If the 
acetic acid be added before any permanganate is added the result is too low, 
but the titration is rapidly effected and the result serves as a guide for the 
titration proper. 

The results leav'e little to be desired as far as accuracy is concerned. With 
two samples of pyrolusite, the following comparative results w'cre obtained : 

No. 1 . No. 2 . 

Volhard-Fischer’s process . . .48*75 50*35 

Pattinson’s process . . . . .48*72 50*50 

§ 196. The Evaluation of Manganese Dioxide—Mohr’s Process. 

Manganese ores were formerly evaluated on the amount of oxygen in excess 
of that in the monoxide, since the dioxide ores were alone considered worth 
working. The content of manganese is sought by principal buyers and the 
lower oxides are now considered of more value than the others. The source of 
pottery manganese colours is a pyrolusite ore, although the lower oxides would 
do quite as well or better if equally free from other colouring oxides — say iron 
oxide. 

By the simultaneous action of sulphuric acid and an excess of ferrous 
sulphate or oxalic acid, the manganese dioxide is reduced to manganous sulphate 

* For a list of salts in the presence of which the determination can be accurately carried 
out, see P. B. Sarkar and N. R. l)har — Zeit, anorg, Ch^m., X2I, 136, 1922. 

* E. Cahen and H. F. V. Little, Analyst, 36 , 62, 1911. 
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and the ferrous sulphate or oxalic acid is simultaneously oxidised. Known 
quantities of ferrous sulphate or oxalic acid are used, and the excess, not 
oxidised, can be determined by titration with standard permanganate.^ The 
reaction with oxalic acid is represented: 

MnOa 4- H2C2O4 + H2SO4 - Mn804 + 2CO2 + 2H2O 

The following 0 ])erations furnish sufficient data to calculate the amount of the 
manganese dioxide in the given sample. 

The. Deter ndnat ion . — Digest 1*0 grm. of finely divided, dry (llC) 2 sample 
in an Erlenmeyer’s flask with 30 c.c. of a 1 -ON -oxalic acid ^ or sodium oxalate 
solution, and 100 c-.c. of sulphuric acid (1:4), until the black particles have 
passed into solution. Add about 100 c.c. of hot water (TO*^), and titrate the 
warm solution with a])proximately 1 *0N -potassium permanganate until a 
permanent pink blush is suffused throughout the liquid. If, and when, a 
brown })recipitate aj)pears during the titration, the latter must be stopped and 
the solution shaken until the precipitate clears off. Since permanganate 
solutions arc apt to lose stremgth on standing, the oxalic acid equivalent of the 
permanganate solution must }>e ascertained })y making a blank titration on 
30 c.c. of the J’ON-oxalic acid solution, in the presence of dilute sulphuric acid 
and hot water, as indicated above. ^ 

Calculation.- ¥rom the above equation it follows that 90*016 grms. of 
anhydrous oxalic acid, or 2000 c.c. of l*0N-oxalic acid solution, arc oxidised by 
86*93 grms. of MnOg. Alternativ^ely, 0*043465 grm. of MnOg will oxidise 1 c.c. 
of l*0N-oxalic acid. 

Suppose, in an experiment, that in the blank titration 30*0 c.c. of 1*0N- 
oxalic acid are oxidised by 30*5 c.c. of the permanganate solution and that in 
the main titration 12*2 c.c. of permanganate are needed to oxidise the excess 
of l*0N-oxalic acid. 

Then, since 30*5 c.c. of permanganate oxidise 30*0 c.c. of l*0N-oxalic 
acid, 12*2 c.c. of permanganate will oxidise 30*0x12*2/30*5 = 12*0 c.c. of 
l*0N-oxalic acid. Hence (30*0 12*0) = 18*0 c.c. of l*0N-oxalic acid have 
been oxidised by the one gram sample of manganese dioxide. Consequently 
100 grms. of the sample will oxidise 1800 c.c. of l*0N-oxalic acid, which is 
equivalent to 1800 x 0*043465 = 78*2 per cent, of Mn02. 

Errors.- - The process indicated above represents the amount of oxygen — 
available oxygen” — which is given off when the sample is decomposed by 


^ W. Htmipel, Mvnunrp mtr Vemphti (h V acute, oxaliqtic Icji dtmnjcs d liqueurs tifrees^ 
Laasanne, 1853; F. Mohr, Zeit. anal. Ohem.^ 8 , 314, 18611. R. Freseiiius and H. Will {Nette 
Vc.rfahrungsweisc zur Prufwug der Patasehr^ ctc.^ sowic dc.H Braunsiein, Heidelberg, 1843) 
determined the amount of manganeHe dioxide from the loss in weight due to the evolution 
of carbon dioxide; H. Kolbe {Liebu/s Ann., 119 , 130, 1861) absorbed the carbon dioxide in 
weighed potash bulbs; G. Bodlandcr [Zeit. angew. Chem,^ 7 , 430, 1894) me?a 8 ured the volume 
of the gas evolved during the action of acid. (). L. Barnebey [Journ. hut. Eng. Chem.t 
9 , 961, 1917) says that oxalic acid is dwom posed while heating the ore to decompose it. 
E. Rupp [Arch. Pharm., 254 , 135, 1916; Chem. Ztg.., 52 , 429, 1928; O. L. Barnebey and 
W. C. Hawes, Journ. Amer. Chem. Soc., 39 , 607, 1917; O. L. Barnebey and G. M. Bishop, 

39 » 1^235, 1917) treats the finely jwwdereil sample with acid and alkali iodide and titrates 
the liberated iodine with thiosulphate. 

* The sampling in bulk for moisture requires special attention (page 1 10). J. E. de Vry, 
Liebig's Ann., 61 , 248, 1847; II. Fresenius, IHngter's Journ., 135 , 277, 1855, 

* Or 1*9 to 2*0 grms. of the hydrated acid — H,Ca 04 . 2 Hj 0 . A normal solution of oxalic 
acid contains 63*024 grms. of the hydrated acid per litre, equivalent to 45*008 grms. of the 
anhydrous acid. For the preparation of the pure hydrated acid, see W. D. Treadwell and 
H. Johner, Heh. Ohim. AcUi^ 7 , 528, 1924. 

* For the accuracy of permanganate-oxalic acid titrations, see I. M. Kolthoff, Pharm. 
W0ekbladf 6x, 417, 1924; Zeit. ami, Chem,, 64, 185, 1924. 
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oxalic acid, and since other manganese oxides — e.g. MogOg, Mn 304 — react in 
a similar way with oxalic and sulphuric acids — 

MngOa + 2H2SO4 + H2C2O4 - 2MnS04 + + 2CO2 

Mn304 + 3H2SO4 + H2C2O4 = 3 MnS 04 + 4H2O + 2CO2 
it follows that, if these oxides be present, the calculation might indicate more 
MnOg and less MnO than is really present. Some of the calculated MnOg 
might be present as MugOg or Mn 304 . If the total manganese, calculated as 
MnO, be determined as described on page 309 or 401 — Pattinson^s or Volhard’s 
process — and the amount of MnOg, multiplied by 0*816, be subtracted from it, 
then the difference will represent the approximate amount of manganous oxide 
— MnO — in the sample. If the pyrolusite contains reducing agents — e.//. 
ferrous oxide or carbonaceous matter- low results will be obtained, because 
reactions are set up which reverse that produced by the peroxide. 

Any ferrous iron which might be present will react with the permanganate 
and give low results by ap])arently diminishing the amount of oxalic acid 
oxidised by the manganese dioxide.^ Carbonates do not interfere. 

§ 197. The Colorimetric Determination of Manganese— 
Walter’s Process. 

The colorimetric determination of manganese is based upon the ease with 
which manganese solutions are oxidised to pink or violet permanganate. 
Brunner ^ fused the sample with alkali, while exposed to an oxidising atmos- 
phere, and deduced the amount of manganese from the intensity of the colour 
of the solution of the fused cake. The results by this method are not satis- 
factory, and oxidising agents are used to convert the manganese into the purple- 
red permanganate. Lead peroxide ^ was proposed for this purpose by 
Crum in 1845, Schneider proposed sodium bismuthate ^ in 1888, H. Marshall 

^ CJ. H. Ditz, Zeit, anorg. allgcm, Ohem., 219 , 113, 1934. 

* A. Brunner, Dingier' s Journ,^ 210 , 278, 1873. 

® W. Crum, Liebig's Ann.., 55 , 219, 1845; W. Gibbs, Amer. J. ScieMP,, (2), 14 , 205, 1852; 
T. M. Chatard, ib., (3), l, 419, 1871; Chern. News, 24 , 196, 1871; S. Peters, ib., 33 , 35, 1876; 
Div^ler's Journ., 221 , 486, 1870: P. Picard, Conipt. rend., 75 , 1821, 1872; A. Leclerc, ib.y 
75 , 1209, 1872; Chem. News, 26 , 296, 1872; L. L. de Koninck, Rev. Unir. Mines, (3), 5 , 
308, 1889; T. E. Thorpe and F. J. Hamblv, Journ. Chem. Soc., 53 , 182, 1888; A. Ledebur, 
Berg. Hiiit. Zig., 41 , 417, 1882; F. C. G. Muller, Stahl Eisen, 6 , 98, 1886; F. Osmond, Bull. 
Soc. chim., (2), 43 , 56, 1885; V. Deshays, Chem. News, 38 , 70, 1878; C. D. Braun, Zeit. 
anal. Chem., 7 , 342, 1868; J. Volhard, Liebig's Ann., 198 , 357, 1879; F. Hoppe-Seyler, 
Joum. prakt. Chem., (1), 90 , 303, 1863; H. W, Vogel, Ber., 8 , 1534, 1875; II. Fresenius, 
Zeit. anal. Chem., Ii, 303, 1872; L. Dobbin, Journ. Soc. Chem. Ind., 35 , 80, 1916; L. Schneider, 
Chem. Ztg., 21 , 41, 1897; E. I. Dyrmont, Journ. Russ. Phys. Chem. Scjc., 48 , 1807, 1916; 
R. Wasmuht, Zeit. angew. Chem., 42 , 133, 1929; L. A. Congdon and J. L. Neal, junr., Chem. 
News, 128 , 67, 1924. 

* L. Schneider, M(mats., 9 , 252, 1888; Dingier' s Journ., 269 , 224, 1893; L. Dufty, Chem. 
News, 84 , 248, 1901; J. lieddrop and H. Ramage, Journ. Chem. Soc., 67 , 268, 1895; F. 
Ibbotson and H. Brearley, Chem. News, 82 , 269, 1900; 84 , 247, 302, 1901; 85 , 58, 1902; 
H. Ramage, ib., 84 , 209, 269, 1901; 85 , 24, 95, 1902; A. A. Blair, Journ. Amer. Chem. Soc., 
26, 793, 1904; R. S. Weston, ib., 29 , 1074, 1907; F. J. Metzger and R. F. M‘Cracken, ib., 
S2y 1250, 1910; R. S. McBride, ib., 34 , 415, 1912; W. Blum, ib., 34 , 1379, 1912; P. H. M. P. 
Brinton, Joum. Ind. Eng. Chem., 3 , 237, 376, 1911; W. F. Hillebrand and W. Blum, ib., 3 , 
374, 1911; D. J. Demorest, ib., 4 , 19, 1912; J. R. Cain, ib., 3 , 360, 1911; G. Bertrand, BtdU 
Soc. chim., (4), 9 , 361, 1911; H. Rubricus, Stahl Eisen, 30 , 957, 1910; R. A. Gortner and 
C. O. Rost, Joum. Ind. Eng. Chem., 4 , 522, 1912; F. J. Metzger and L. E. Marrs, ib., 3 , 
333, 1911; 5 , 125, 1913; H. F. V. Little, Analyst, 37 , 554, 1912; C. T. Nesbitt, Chem. News, 
11$, 61, 1917; H. Kinder, Stahl Eisen, 37 , 197, 1917; G. E. F. Lundell, Joum. Amer. Chem. 
Soc., 45 , 2600, 1923; T. R. Cunningham and R. W. Coltman, Ind. Eng. Chem., 16 , 58, 1924; 
B. Park, ib„ 18 , 597, 1926; T. Bomiya, Joum. Soc. Chem. Ind. Japan, 33 , 255B, 1930; L. A. 
Congdon and J. L. Neal, junr., Chem. News, 128 , 67, 1924; D. Lombardo, Met. liaX., 26, 
705, 1934; J. I. Hoffman, Bur. Standards Joum. Research, 7 , 888 , 1931. 
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ammonium persulphate ^ in 1901, Willard and Greathouse recommended alkali 
periodates in 1917,^ and nickel dioxide ® was used by Lang in 1926. The 
manganese in the given solution is thus oxidised to pink permanganic acid. 
The intensity of the coloration depends upon the amount of manganese present. 
The tint of a test solution so prepared can be compared with the tint of a 
similar solution containing a known amount of manganese. Something of the 
order of 0*00001 grm. of manganese in 100 c.c. of solution can be determined 
by this process. 

Prej)aration of the Standard Solution . — A stock solution of manganese 
sulphate containing 0*1 grm. of MnO per litre is prepared. Dissolve 0*31 45 grm. 
of pure manganous 8ul})hate — Mn804.4H20 — in water, acidify with a few c.c. 
of concentrated sulphuric acid and make the solution up to a litre. Pipette 
sufficient of this solution — say 5 c.c. — into a 100 c.c. flask. Add 10 c.c. of a 0*2 
per cent, solution of silver nitrate, add 1 grm. of ammonium persulphate and 
warm on a water bath until a pink colour is developed. By the time the flask 
has cooled the colour will have acquired its maximum intensity. Make up 
to the 100 c.c. mark. Pipette from 2 to 10 c.c. into the test glass of the 
colorimeter. 

If insufficient silver nitrate has been added, a brown precipitate of 
manganese peroxide will be produced in the solution after the addition of 
the ammonium persulphate. In that case, add sulphurous acid until the 
precipitate is dissolved and then add more silver nitrate. Reoxidise with 
ammonium persulphate as before.^ 

The Test Solution . — The solution obtained by dissolving the cake from the 
pyrosulphate fusion, or the solution remaining after the colorimetric titanium 
determination, may be used; or the manganese sulphide can be dissolved in 
dilute sulphuric acid. The products from the pyrosulphate fusion generally 


1 H. E. Walters, Proc. Eng. Soc. WeM Pa., 17, 257, 1901; Journ. Amer. Chem. Soc., 25, 
392,1003; 27,1550,1905; OAem. 84, 239, 1901 ; H. Marshall, «7>., 83, 73, 1901; Journ. 
Soc. Ohem. Jnd., 16, 399, 1897; M. R. Schmidt, Journ. Amer. Chcm. Soc., 32, 965, 1910; 
J. V. R. Stehraan, ib., 24, 1204, 1902; H. Rubricus, Stahl EUen, 30, 957, 1910; H. Kuiize, 
ih., 32, 1914, 1912; P. Holland, Chem. News, 96, 2, 1907; J. J. Royle, Journ. hid. Eng. 
Chcm., 4, 202, 1912; M. Stanichitch, JRev. Met., 8, 891, 1911; E. Sohowalter, Zcit. Nahr. 
Qenuss, 26, 104, 1913; 27, 553, 1914; F. Haas, ib., 25, 392, 1913; L. Hartwig and H. Schell- 
bach, ib., 26, 439, 1913; C. W\ Wright, Chcm. News, 108, 248, 1913; H. Liihrig, Chem. Z(g., 
38, 781, 1914; W. W. Clark, Met. Chcm. Eng., 13, 155, 1915; C. H. Fleckinger, ChemisU 
Analyst, 14, 7, 1915; L. Dobbin, Journ. Soc. Chem. hid., 35, 80, 1916; J. Williams, Chem. 
News, 99, 288, 1909; A. Travers, Compf. rend., 165, 187, 1917; ib., 182, 972, 1088, 1926; 
Ann. Chim., (10), 6, 56, 1926; D. H. Wester, Rec. Trav. chim., 39, 414, 6(X), 1920; J. Vernay, 
Chim. et Ind., ii, 1093, 1924; L. A. Congdon and J. L. Neal, junr., Chem. News, 128, 67, 
1924; K. Swoboda, Zeit. anal. Chem., 64, 156, 1924; O. Hackl, ib., 105, 81, 1936; C. Newcomb, 
Aimlyst, 53, 644, 1928; T. Somiya, Journ. Soc. Chem. Ind. Japan, 33, 255B, 1930; Chem. 
News, 141, 129, 1930; J. H. van der Meulen, Chem. Weekblad, 28, 377, 1931; J. H. D. Brad- 
shaw, Foundry Trade Journ., 44, 311, 1931; R. Lang and F. Kurtz, Zeit. anal. Chem., 85, 
181, 1931; A. C. Janzig, Journ. Amer. Waterworks As 80 C.n., 18, 744, 1927; F. Alton and 
H. Weiland, Zeit. Pftanz. Diingung Bodenk., 30A, 193, 1933; S. N. Rozanov and D. V. 
Voskresenskaya, ib., 35A, 140, 1934; M. Korenman, Mikrochemie, 15, 289, 1934. 

* H. H. Willard and L. H. Greathouse, Journ. Amer. Chem. Soc., 39, 2366, 1917; T. G, 
Thompson and T. L. Wilson, ib., 57, 233, 1935; H. H. Willard and J. J. Thompson, Ind. 
Eng. Chem. Anal. Ed., 3, 399, 1931 ; G. J. Hough, ib,, 7, 408, 1935. 

® R. Lang, Zeit. anorg. Chem., 158, 370, 1926. 

* A. Travers (Ann. Chim., (10), 6, 56, 1926) says that when the amount of manganese 
exceeds 2*5 grms. per litre, metaphosphorio acid should be added to the solution before 
oxidation to prevent the formation of the brown peroxide. According to A. I. Appelbaum 
(ChemisUAntuyst, 17, 22, 1916; A. Travers, l.c.', A. Pinkus and L. Ramakers, Bull. Soc. 
chim. Belg., 41, 529, 1933) the silver oxide, Ag,0, is oxidised to silver peroxide, AgjOj, by the 
ammonium persulphate. 
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contain traces of chlorides, which must he removed before applying the test.^ 
Hence it is usually quickest to assunje that chlorides are present. Pipette out, 
say, 50 c.c. of the stock solution, resulting from the pyrosulphate fusion, boil 
and add a little silver nitrate solution. Filter and wash the ])recipitate. 
Collect the filtrate and washings in a 100 c.c. flask; a(^idify the solution with 
sulphuric acid; add 10 c.c. of the silver nitrate solution, 1 grm. of ammonium 
persulphate and warm as indicated above for tlie preparation of the standard 
solution. When the solutioii is cold, make it up to the mark with water and 
pour a portion of it into the test glass of the colorimeter. 

2' he Conf])anso9i.~~ An aliquot ])ortion of the standard permanganate solution 
is diluted with Avater from a burette until it has the same tint as the test solution. 
The amount of water required for the purpose is measured. See titanium, 
page 181b for further d(‘tails. 

Calculafio)!. - Suppose that 5 c.c. of the standard solution of manganese 
sulphate was oxidised and then diluted to give 100 (‘.c. ot the standard per- 
manganate solution, and that 10 c.c. of the latter solution r(‘quired the addition 
of 21 c.c. of water to bring to the same tint as the test solution. 

1 c.c. standard has 0*0001 grm. MnO; .*. 5 c.c. have 0*0005 grm.; this 
diluted to 100 c.c. has 0*000005 grm. MnO per c.c. ; 10 c.c. of this required 
21 c.c. water, so that 10-I-2I =31 c.c. of the solution has 0*00005 grm. MnO. 

Hence every 31 c.c. of the test solution contains 0*00005 grm. MnO. Thus 
100 c.c. of the test solution coTitains 100x0*00005/31 grm. MnO. Now the 
test solution was made up froni 50 c.c. of the stock solution, (‘onsequently 
the 250 c.c. of stock solution contains 100 x 0*00005 x 5/31 grm. MnO. But 
the stock solution ^vas obtained frotn 1 grm. of the clay, and therefore 
the clay contains 100 x 0*00(K)5 x 5 x l(K)y31 =0*08 per cent. MnO. In general, 
with the dilutions given above, the ])ercentage of MnO in a clay is given by 
2*5/(10-f c), where v is the number of c.c. of water used to dilute 10 c.c. of the 
standard pernianganate solution to the same tint as the t(‘st solution. 

With practice, and normal colour vision, differenecs of tint corresponding 
with 0*0(K)01 grm. of MnO can be detected. ^ If the quantity of manganese in 
the portion of the sairqfle under investigation is less than 0*001 grm., it is well to 
work with a larger quantity of the samjdt?. Tin* results with quantities of 
manganese over about 2 ])er cent, are not so good as by gravimetric or volu- 
metric processes. The presence of a little iron seems to favour the oxidation 
of the manganous oxide, MnO, to the permanganate.*'* Aluminium and 
molybdenum do not interfere; cop])er and nickel exercise no further influence 
than that due to the colour of their salts. 

The Effect of Chromium Salts, If chromium be f»resent, the yellow colour of 
the chromate produced by the oxidising action of the persulphate alters the tint 
of the permanganate, and the chromium must be removed before the comparison 
can be made. Dittrich ^ does this by boiling the oxidised solution with 
ammonia for a short time — iron and manganese hydroxides are precipitated, 
and the chromium remains in solution as chromate. Filter and wash. The 
precipitate on the filter-paper is dissolved in dilute sulphuric acid, mixed with 

* According to G, Denigas (Com2d. rend,, 194 , 91, 1932), it is unnecessary to remove 
chlorides if the solution is oxidised with hypochlorite or hypobromit€*> in the presence of 
copper sulphate as catalyst. In this way 1 to 2 mgnns. of manganese per litre of 10 per 
cent, chloride solution can l>e detected. 

® 8 ee H. Forestier {BuV. Sac. (him., (4), 33 , 059, 1923) for the use of nickel sulphate 
solution as a light filter in the (jolorimetric (H>mparison. 

® Compare H. »Iervis, Chem, News, 81 , 171, j9(K). 

* M. Dittrich, Zeit. anorg. Chem., 80 , 171, 1913. See F. C. T. Daniels (Joum. Ind. Eng» 
Chem,, 6, 658, 1914) for an alternative method. 
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some sulphurous acid or hydrogen peroxide. The manganese is then determined 
colorimetrically as indicated above. Remove the silver from the filtrate by 
the addition of common salt; again filter and wash. Evaporate the filtrate 
down to between 50 and 100 c.c. and determine the chromium as indicated 
on page 526. 

The Effect of Titanium , — Hough states that if more than about 1 per cent, of 
titanium dioxide is present in solution, ammonium persulphate is useless as the 
oxidising agent since no colour is developed unless excessive amounts of the 
reagents are present and even then there is no guarantee that the maximum 
coloration is obtained.^ In such cases the use of sodium bismuthate or 
preferably potassium periodate as the oxidising agent is recommended. 

§ 198. The Analysis of Wads and Manganese Earths. 

Manganese peroxide is mainly used in the manufacture of chemicals, in 
glass-making and for the manufacture of dry batteries. There are many 
manganese ores which serve excellently for the manufacture of pottery colours 
and yet contain little or no peroxide. Mohr’s process is not then applicable. 
These ores are usually sold on a basis of 50 iniits of manganese ^ — one unit 
means 1 per cent.-- at so much per unit, with a bonus or penalty per unit 
respectively above or below 50. A maximum of, say, 8 per cent, silica and 0*2 
per cent, phosphorus may be allow'cd, with an agreed deduction for each unit 
of silica and for each 0*02 per cent, of })hosphorus above these respective 
maxima.^ The ( Caucasian, Indian and Brazilian ores are fairly constant in 
composition and run from about 50 to 55 per cent, manganese, 0*03 per cent. 
j)hos])horus and 10 per cent silica; the Turkish and Japanese ores run from 
43 to 56 per cent, manganese, 0*5 per cent, phosphorus and 7 to 10 per cent, 
silica. Japanese ‘'brown stone” may run as much as 87 per cent. MnOo, and 
such an ore sells for twice as much as 70 per cent, ore.^ 

Disfiolutiou of the Sample . — Digest 1 grm. of the sample in a 250 c.c. Erlen- 
meyer’s flask with 10 c.c. concentrated hydrochloric acid. The attack generally 
begins in the cold. When the first action is over, gradually warm the flask 
up to the boiling-point. It may be necessary to add a little more acid to 
complete the action. Add water and filter. The insoluble matter may 
be light-coloured silica or some dark-coloured mineral not decomposed by 
the acid. The filter-pa])er and contents should be ignited in a weighed 
platinum crucible and weighed. This may be reported as “sand and insoluble 
matter,” or fused with alkali carbonate in an oxidising atmosphere. If the 
mass on cooling is white or only pale greenish-blue in tinge, it may be rejected. 
If the fused inass be green, dissolve in hydrochloric acid, evaporate to dryness 
and take up with water and hydrochloric acid as indicated on page 144. Add 
the filtrate from the silica to the main solution. The silica may be determined 
in the usual manner. 

^ G. J. Hough, Jnd. Eng. Chem. Anal. Ed., 7, 408, 1935. Compam O. Hackl, Zeit. anal. 
Chsm., 105, 182, 1936. 

* Ihire manganous oxide, MiiO, runs 77*5 per cent, manganese (Mn); the dioxide, MnOj, 
63*2 per cent.; the sesquioxide, MiigOj, 69-6 per cent.; and the manganomanganic oxide, 

72 0 per cent. 

* E.g. one consumer purchased his ore on the following basis (1911): Ores with 50 per 
cent. Mn to be purchased (delivered) at 13d. per unit per ton; 46-r)0 per cent. Mn, 12^d.; 
43-46 per cent. Mn, 12d; 40-43 piu* cent., 1 1 Jd. For each p(T cent, of silica above a maximum 
of 8 per cent., deduct 7Jd. pi^r ton, and for each 0-02 per cent, phosphorus above 0-2 per cent., 
deduct Id. per unit of manganese per ton. Sample for analysis to be dried at 100°; the 
percentage of moisture in the sample to be deduct^ from the weight. 

* 0. T. Holloway, Trans. Inst. Min. Met., 21, 669, 1912. 
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Removal of Alumina and Iron Oxide , — Precipitate the joint alumina, ferric 
oxide and phosphoric oxide by the sodium acetate process (page 383) from a 
solution acidified with acetic acid. If much manganese be present, two, three 
or four precipitations may be necessary. If the combined filtrates exceed 
300 C.C., evaporate to about 200 c.c. If a white precipitate separates during 
the evaporation, it may be neglected; but if a reddish precipitate separates, 
it must be filtered off, dissolved in hydrochloric acid, the iron precipitated as 
basic acetate and the filtrate added to the main filtrate. The alumina, iron 
and phosphoric oxide may be treated by the methods of page 157 

Precipitation of Manganese , — Add approximately 5 grms. of sodium acetate 
— 15 c.c. of solution and 2 or 3 c.c. of liquid bromine. If a saturated 
aqueous solution of })romine be used, the solution may become rather bulky. 
The solution should have a yellow tint, showing that an excess of bromine is 
j)resent. Boil, then filter. Add more bromine to the filtrate and boil again. 
This ensures the complete precipitation of the manganese. If any precipitate 
be formed, filter. The precipitated manganese is dissolved in hot dilute 
nitric acid to which is added either sulphurous acid or a little sodium bi- 
sulphite. The reducing agent facilitates the solution of the precipitate. The 
manganese may now be determined in the solution by volumetric, colorimetric 
or gravimetric processes. If needed, the lime and magnesia can be determined 
in the combined filtrates. 

Determination of Carbon . — Dissolve 10 to 20 grms. of the ore in concentrated 
hydrochloric acid as indicated above. Dilute with w^ater. Filter the residue 
through a Gooch crucible charged with ignited asbestos, wash, dry at 110° 
and weigh the crucible and contents. Burn off the carbon and re-weigh. The 
loss in weight represents the organic matter. To eliminate the obvious errors, 
the asbestos may be ignited and the resulting carbon dioxide determined as 
indicated on page 631. The wet combustion process may also be used as 
indicated on page 616. 


^ See footnote 7, page 383. 



CHAPTER XXIX. 


THE DETERMINATION OF COBALT AND NICKEL. 

§ 199. The Detection of Cobalt and Nickel. 

The usual scheme for the qualitative analysis of mixtures leaves finally a 
precipitate containing the mixed sulphides of cobalt and nickel. There are 
sevtjral distinguishing tests. To get the sulphides into solution, boil the filter 
paper and contents in a small flask with 10 c.c. of hydro(*hloric acid (1 : 4) 
and 1 c.c. of nitric acid (1 : 3). Filter off the precipitated sulphur and the 
filter-paper. Collect the filtrate in a basin and evaporate to dryness to expel 
the excess of acid. Dissolve the residue in two or three drops of hydrochloric 
acid and 10 c.c. of water. 

Tests for Cobalt. (1) llhnky and Knorre^s Test .^ — Add a slight excess of a 
saturated solution of a-nitroso-^-naphthol (page 420) in acetic acid. Agitate 
the solution. A brick-red precipitate indicates col)alt. Confirm as usual. 
Atack uses the sodium salt of a-nitroso-jS-naphthol in the presence of dilute 
sulphuric acid and claims that OdlOl mgrm. of cobalt can be detected per c.c. 
by the orange-red colour produced. The test can be used in the presence of 
nickel, ferric, manganese and xinc salts and also of (*itric and tartaric acids. If 
very large quantities of nickel are present, it should be removed. 

(2) Skef/s Test .^ — Add a saturated solution of potassium thiocyanate and 
shake up the mixture with a mixture of amyl alcohol and ether. The ethereal 
layer will be blue if 1 c.c. of a 1 : 50,0()0 aqueous solution be used. 

(3) Danziger's Test.^ —To about 5 c.c. of the colourless solution, acidified 
with hydrochloric acid, add a little solid ammonium thioacetate — CH3 . 
CO8NH4 — a few drops of stannous chloride,^ and an equal volume of amyl 
alcohol, or a mixture of acetone and ether, or alcohol and ether. Shake. Let 
settle. If cobalt be present, the upper layer will be coloured blue. This test 
will indicate 1 part of cobalt in 500,000 parts of water, and is more delicate 
than Skey’s test. 


^ M. llinsky and G. von Knorre, Ber., 18, 699, 1885; F. W. Atack, Jonm. S<jr. Chern. Ind.y 
34, 641, 1915; F. Feigl and R. Stern, Zeit. ancU. Chem.^ 60, 1, 1921; I. Bcllucci (Gazz. Chim. 
Ital., 49, (2), 294, 1919) claims that /3-nitroflo-a-naphthol is a vastly more sensitive reagent 
than a-mtroso-/l-naphthol. 

* W. Skey, Chem. Newa^ 16, 201, 1867. This is generally, but incorrectly, called “Vogel’s 
test.” H. W. Vogel, Ber., 8, 1533, 1875; 12, 2314, 1879; F. P. Treadwell, Zeil. antyrg. Chem., 
26, 108, 1901; H. Ditz, Chem. Ztg., 46, 121, 1922; F. ,1. Allen and A. R. Middleton, Proc. 
Indiana Acad. Sci., 147, 1922; I. F. P. Dwyer, Austral. Chem. Inst. Journ. and Proc., 3, 
239, 1936. See page 427. 

* J. L. Danziger, Joum. Amer. Okem. Boc., 24, 578, 1902; Zfit. anorg. Chem., 32, 78, 1902. 

* To reduce the ferric salts which give a red colour. The solid ammonium thioacetate 
ensures a concentrated solution. 
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(4) Uhlenhuth’s Test.— Uhlenhuth ^ found sodium 1 : 2-diaminoanthra- 
quinone-S-sulphonate gave a blue coloration with copper when other tests 
gave no indication of the metal. Malatesta and di Nola find that cobalt and 
nickel also give colorations. They use a solution containing 0*5 gnu, of the 
reagent, 100 c.c. of concentrated aqua ammonia, .360 c.c. of water and 40 c.c. of 
40 per cent, sodium hydroxide. All three metals give a blin^ coloration. On 
adding concentrated aqua ammonia, the nickel blue turns reddish- violet; 
with ammonium chloride, the copper blue becomes red; the cobalt blue is not 
changed by either reagent. It is claimed that 2 x 10 ’ grin, of cobalt and 
5 X 10"® grin, of nickel can be so detected. 

(5) Van Klooster's -Add 1 grin, of sodium acetates and 2 c.c. of a 

0-5 per cent, aqueous solution of nitroso-R salt CiQil 4 . 0 H.N().(NaS 03)2 - 
to 2 c.c. of the faintly acid test solution. Heat to boiling, add gradually 
1 c.c. of concentrated nitric acid and boil for one minute. A permanent 
red colour indicates cobalt; the (‘olours produced by otlun* metals, e.(j. iron 
and nickel, are destroyed by the nitric acid. 

(6) Chiarottino^s Test.^ — To the neutral solution add a few c.c. of a solution 
containing 0*5 grin, of benzidine and 0*25 grm. of dimethylglyoxime in 100 c.c. 
of 95 per cent, alcohol. The development of an orange-red colour shows the 
presence of cobalt. The test is said to detect 0*01 mgrni. of cobalt. If nickel 
be present it must first be removed by adding excess of dim(‘thylgly oxime 
and filtering oiT the preci])itate. C’oj)p(‘r and chromium interfere with the test. 

Tests for Nickel. (1) Tschu(fajeff\s Test.^ - If an excess of dimethylgly- 
oxime be added to a strongly aminoniacal solution containing a mixture of 
cobalt and nickel, and the solution be boiled a short time, a rose coloration or a 
scarlet-red precipitate will be obtained, acconling to the amount of nickel 
present (page 421). This reagent is rejiorted to detect nickel in 1 c.c. of a 
1 : 200,000 solution, or in 4 c.c. of a 1 : 500,000 solution. 

(2) AtacFs Test .^ — The solution, which should not contain more than about 
0-025 grm. of metal, is made slightly ammoniacal. If nickel is j)res(‘nt, a red 
precipitate is formed on treating the solution with an alcoholic solution of 
a-benzil dioxime. The result is not atfected by cobalt. Nitrates interfere 
and should be removed by evaporation with sulj>huric acid. 

(3) Pozzi-EscoVs Tesf ,^ — Nickel molybdate, formed by the action of an 
alkali molybdate on a nickel salt, is insoluble in neutral or feebly acid solutions 
which contain an excess of the precipitant, while cobalt molybdate is soluble 
under the same conditions. The solution of the mixed sulphides in aqua 
regia is nearly neutralised with alkali, treated with a large excess of a 
saturated solution of ammonium molybdate and heated with shaking at 70®. 
An opalescence is given by as little as 0-01 grm. of nickel in the presence of 


' R. I^hlenhuth, Chevi. Ztg.^ 34 , 887, 1910; G. Malatesta and E. di Nola, Boll. Chirn.. 
farm., 52 , 819, 85o, 1913. 

® H. S. van Klooster, Journ. Amer. Chem. Soc., 43 , 746, 1921. 

* A. Chiarottino, InduMria cMndca, 8 , 32, 1933; A. W. Scott, Joum. Amer. Chem. Hoc., 
55 , 3647, 1933. 

* L. Tsehugajetf, Ber., 38 , 2520, 1905. For the sensitiveness of different tests for cobalt 
and nickel, see A. del Campo y Cerdan and J. Ferrer, Analf..H Soc. Kapan. FU. Quim., 9 , 201, 
272, 1911; S. R, Benedict, Journ. Amer. Chem. Soc., 27 , 1360, 1906; R. H. Kerr, Joum. 
Ind. Eng. Chem., 6 , 207, 1914; A. R. Middleton and H. L. Miller, Journ. Amer. Chem. Soc., 
38 , 1705, 1916; F. Feigl, Ber., SJB, 758, 1924; F. Feigl and L. von Tustanowska, ib., 57 B, 
762, 1924; C. G. Vernon, Chem. News, 126 , 200, 1923; C. C. Palil , ih., 128 , 293, 1924; 8 . J. 
Tindal, ih., 130 , ;i4, 1925. See also footnote 1, page 422. 

* F. W. Atack, Amdyst, 38 , 316, 1913; Chem. Zty., 37 , 773, 1913; Jirum. Chem. Soc., loB, 
1317, 1913. 

® M. E, Pozzi-Escot, Compt. rend., 145 , 435, 1907. 
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500 times its weight of cohalt. Cohaltaniinine salts give a precipitate, and 
hence such ainmines must first he converted into cobalt salts. 

(4) Parr's TeM.^ - Freshly precipitated nickel hydroxide liberates iodine 
from potassium iodide, hut the corresponding cobalt compound does not. 
Hence add bromine water to the solution containing either cobalt or nickel; 
warm the solution; add an excess of sodium hydroxide, and boil. Filter. 
Wash the precipitated hydroxide on the filter- y>aper. Pour a hot solution of 
potassium iodide through the paper. Free iodine in the filtrate is evidence of 
nickel. The iodine is best detected by shaking up the filtrate with a little 
benzene. 

The separation of cobalt and nickel is not usually of any particular import- 
ance in silicate analyses, but the methods here indicated rej)resent the type of 
thing wanted in colour and glaze analyses. The analysis of cobalt oxides 
is more frequently wanted than that of nic.kel. The scheme for the separation 
of iron, aluminium, titanium, zinc, manganese, nickel, cobalt, magnesia and 
lime may be summarised (precipitates to left, solutions to right): — 


liasif acetate separation (page 383) 


; i 

Fe, Al, Ti (page 157) Zn, IVln, Ni, ('o. Mg, Ca 

(Formic', acid anci page 385) 


Zn (page 387) 


Ni, Co, Mn 

(Acetic acid and page 418) 


Ni, Co 

(Potassium nitrite, page 416) 


Co 


Mn, Ni, Co, Mg, Ca 
(Ammonium sulphide, page 415) 

Mg, Ca (page 2(K>) 


Mn (page 397) 


Ni 


§ 200. The Properties of Cobalt and Nickel Sulphides. 

Simultaneous Precipitation of Traces of Cobalt and Nickel with the Alumina 
and Iron, — The addition of ammonium chloride })revents, to a great extent, the 
precipitation of cobalt and luckel by ammonia; but if insufficient ammonium 
chloride be present, some nickel and cobalt may be carried down with the 
aluminium and iron hydroxides. Baumhauer^ determined the amounts of 
cobalt and nickel which were precipitated along with the iron when known 
mixtures of iron, cobalt and nickel were treated with the regular precipitating 
agents. He found : 

Per cent, nickel. Per cent, cobalt. 

Ammonia (page 157) .... 27 48 

Basic acetate process (page 383) . . 18 9 

Barium carbonate in the cold (page 522) . 8 15 


^ 8, W. Parr, Journ, Amer. Chem, 80 c., 19, 341, 1897; S. R. Benedict, i6., 26, 696, 1904. 
* E. H. von Baumhauer, Zeit anal, Chem,, 10 , 217, 1871. For the solubility of nickel 
*hydro3dde in ammonia, see W. Bonsdorff, ZeU, anorg, Chem,, 41, 132, 1904, 
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But even when plenty of ammonium chloride is present, appreciable amounts 
may be precipitated with the iron and alumina as well as with the zinc. If 
these leakages are not guarded against by double precipitations/ the loss of 
cobalt and nickel, when precipitated at the end of a complex series of separa> 
tions, may be quite serious. ^ 

In the present case, the iron, aluminium and titanium are separated by the 
ammonia or the basic acetate process; the zinc as zinc sulphide; and finally the 
cobalt and nickel are precipitated as sulphides from a solution acidified with 
acetic acid. Manganese is not precipitated under these conditions. There is 
need for a few special remarks on the sulphides of nickel and cobalt. 

Action of Ammonium Poll/ sulphide on Nickel and Cobalt Salts, — These 
elements are not 2)recipitated by hydrogen sulphide from solutions acidified 
with the mineral acids, but the sulphideis are ])recipitated in the presence of 
acetic acid, particularly if ammonium or sodium acetate be present and the 
solution is warm, Ammojiium sulj)hide precipitates the black or dark brown 
coloured sulphides from neutral or ammoniacal solutions of nickel and cobalt. 
The precipitate is but s})aringly soluble in acetic acid and in very dilute hydro- 
chloric acid. If yellow ammonium sulphide be used, that is, ammonium i>oly- 
sulphide, more or less nickel suljdiide passes into solution and the filtrate will 
be coloured brown. It is generally supposed that either a soluble complex 
ammonium thionickelate, (NH4)2Ni82, or a colloidal nickel persulphide is 
formed. The greater the excess of ammonium sulphide and the longer the 
solution is ex2)osed to the air, the greater the tendency of the nickel to i)ass into 
solution in this manner.^ 

Action of Ammonium Monosulphide on Nickel Salts, — In the presence of 
ammonium hydroxide, colourless ammonium sulphide forms a violet-coloured 
solution with nickel salts in the cold. This soon becomes red and dark brown, 
and finally a black precipitate separates. On filtration, the filtrate appears 
colourless; but if the colourless solution be heated, a black precipitate of 
nickelous sulphide separates. Free ammonia is not necessary for the latter 

^ T. Moore, Chern, News, 65, 75, 1892; A. Thomas, /6., 35, 187, 1877; T. H. Laby, ib,, 
89, 280, 1904; H. von Jiiptner, (Jester. Zeit. Berg. Hull., 41, 616, 1894. For clean separations 
with a large excess of ammonium chloride, see J. T. Dougherty, Chem. Netvs, 95, 261, 268, 
1907; V. Hassreidter, Zeit. angew. Chem., 22, 1492, 1909. According to F. Ibbotson and 
H. Brearley (Chem. News, 81, 193, 1900), the nickel is adsorbed by the precipitated ferric 
hydroxide in the same way that filter-paper adsorbs salts from a solution; less nickel is 
adsorbed by increasing the amount of ammonium salt — chloride, nitrate or sulphate — in 
the solution, and decreasing the amount of ammonia. If, therefore, the precipitation of 
ferric hydroxide be made in presence of ammonium chloride, and so little ammonia that the 
filtrate is perceptibly acid, the separation of iron and nickel is a “good one.” Schwarzberg’s 
method of separation (P. Schwarzberg, Liebig's Ann., 97, 216, 1856; J. F. W. Herschel, 
Ann. Chim. Phys., (3), 49, 306, 1837) depends on the nice adjustment of the neutralisation 
so that the liquid loses its transparency without showing the least trace of a distinct pre- 
cipitate, and fails to recover its clearness after standing some time; the solution is boiled, 
and the iron hydroxide is said to be precipitated comparatively free from nickel (R. Fresenius, 
Quantitative Chemical Analysis, London, i, 437, 1876). For the adsorption of nickel salts by 
ferric hydroxide, see also M. Geloso and L. S. lAvy, Compt. rend., 189, 175, 1929; L. S. lAvy, 
i6., 189, 426, 1929. 

* According to H. Remmier (Zeit. anorg. Chem,, 2, 221, 1892), cobalt hydroxide which 
has been precipitated by ammonia and washed, slowly redissolves when allowed to stand in 
contact with ammonia. E. Donath (Monats., 14, 93, 1893) says that the deep blue liquid 
obtained by the action of coneentrabEMl potash on cobaltous hydroxide is a solution of the 
oxide in the lye. 

* A. Lecrenier, Chem. Ztg., 13, 436, 449, 1889; R. Fresenius, Jaum. prald. Chem., (1), 
82, 257, 1861; A. Villiers, Compt. rend., 119, 1208, 1263, 1894; P. de Clermont, ib., 117 , 229, 
1893; G. Chesneau, ib., 123, 1068, 1896; U. Anthony and G. Magri, Ga«r. Chim. ItaL, 

(2) , 265, 1901; F. Stolba, Joum. prakt. Chem., (1), 96,63, 1866; A. Villiew, Bidl. 80 c. cbim., 

(3) , 13, 165, 1896. ' 
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action. Colourless ammonium sulphide, free from the polysulphide, pre- 
cipitates nickel completely as sulphide, and the filtrate, in the absence of air, 
will be free from nickel and colourless. However, ammonium monosulphide 
rapidly oxidises to polysulphide when exposed to the air, and it is almost 
impossible to prevent some nickel passing into the filtrate, particularly when 
working with large quantities of this metal. It is useless to try and get the 
brown solution clear by filtration. The best method of dealing with the 
coloured filtrate is to coagulate the nickel sulphide by the addition of ammon- 
ium chloride, followed by 5 or 10 minutes’ boiling; re-filtration is then generally 
successful. These troubles are alleviated by passing hydrogen sulphide into 
the warm ammoniacal solution. 

Action of Acids upon Nickel and Cohalt Sulphides. - sulphides, once 

formed, are generally said to be insoluble in acetic and hydrochloric acids. The 
alleged “insolubility” is a misnomer, because relatively large amounts of the 
freshly precipitated sulphides do dissolve in dilute hydrochloric acid — 1 
volume acid, sp. gr. 1*12, with 5 volumes of water. ^ The reverse action, the 
precipitation of the sulphides in acid solution by hydrogen sulphide, is 
exceedingly slow. If over a trace of acetic or hydrochloric acid be present, 
neither sulphide will be precipitated in the cold; })ut if the solution be hot, 
both nickel and cobalt sulphides will be precipitated in the presence of 
ammonium or sodium acetate. Cobalt and nickel sulphides become “insoluble ” 
in these acids on standing for some time, or on heating. They then require 
digesting with aqua regia for their solution.^ 

According to Thiel and Gessner,® nickel sulphide exists in three different 
forms. The a-modificatioii is dissolved by mineral acids down to O-OIN- 
concentration and is easily oxidised; glacial acetic acid rapidly and water 
slowly convert it into the jS-variety, soluble in hot 2N-HC1. The y-modifica- 
tion is soluble only with the aid of oxidising agents. The two latter varieties — 
and y — are formed chiefly by precipitation from very dilute solutions; but 
the y- variety also separates from hot concentrated solutions. All three forms 
are produced under the ordinary conditions of analysis. The reduced solubility 
acquired by fresh precipitates on exposure to air is due to the oxidation of the 
sulphide to sparingly soluble compounds and the conversion of these by the 
excess of hydrogen sulphide to the j8- and y- varieties. All these sulphides are 
polymers; the a- variety is amorphous and the other two crystallise in different 
forms. 

§ 201. The Separation of Manganese from Cobalt and Nickel. 

Precipitation of Nickel, Cohalt and Manganese Sulphides.^ — The filtrate from 
the zinc sulphide is neutralised with ammonia and an excess of ammonia (free 
from carbonate) is added to the solution. Hydrogen sulphide is passed through 
the warm (70''-80'^) solution, whereby the mixed sulphides of manganese, 
cobalt and nickel ® are precipitated. The alkalies and alkaline earths remain in 


^ H. Baubigny, Compt. rend., 94 , 963, 1183, 1251, 1417, 1473, 1715, 1882; 95 , 35, 1882; 
105 , 751, 806, 1887; 106 , 132, 1888; Chem. News, 57 , 55, 1888. . r . • 

* W. Ostwald, Die wissenschaftlichen Orundlngen der analytiAchen Chemie, Leipzig, 145, 
1894; London, 149, 1895; J. L. R. Morgan, Journ. Amer. Chem. S(K., 21 , 494, 1899; 

W. Herz, Zeit, anorg. Chem., 27 , 390, 1901; 28 , 342, 1901. 

* A, Thiel and. H. Gessner, Zeit, anorg. Chem,, 86, 1, 1914; Chem. Zentr,, i, 18, 1914. 

* R. Fresenius, AfdeUung zur quantitcUiven Analyse, Braunschweig, r, 579, 1875; London, 

X, 429, 1876; 0. Hackl, Chem, Ztg., 46 , 385, 1922. 

* Also copper, if present. 
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solution. Filter at once/ using a fine grade filter-paper and wash with water 
containing a little amnioniuin sulphide and chloride in solution. 

The filtrate may come through brown. In any case — clear or brown-— 
evaporate the filtrate to about 50 c.c.; add freshly prepared ammonium 
sulphide; acidify with acetic acid; and boil for some time. This will curdle 
the sulphides not retained on the filter-paper and allow them to be readily 
removed by filtration. The danger of losing nickel and cobalt sulphides is 
here so serious that, if any metal escaped with the first filtrate, it is advisable 
to test the filtrate again to make sure that all the cobalt and nickel have been 
precipitated. 

Separation of Nickel and Cobalt Sulphides . — The washed ])recipitate is 
dissolved in aqua regia and boiled to expel the excess of acid. Add excess of 
sodium carbonate to the solution and then acetic acid ^ until the solution is 
faintly acid. Add 3 to 5 grins, of sodium or ammonium acetate dilute the 
solution to, say, 200 c.c.; pass hydrogen sulphide through the warm solution 
(70^-80°). The sulphides of cobalt and nickel ^ are precipitated, the man- 
ganese remains in solution. Filter at once through a close-packed filter-paper 
and w’ash with hydrochloric acid (sp. gr. 1-025) saturated with hydrogen 
sulphide in order to remove any manganese sulphide precipitated with the 
cobalt and nickel sulphides. 

The risk of losing cobalt and particularly nickel, is here ^'e^y great. Hence 
make sure that the precipitation is complete by evaporating the clear filtrate to 
50 c.c., adding an excess of ammonium sulphide, acidifying with an excess of 
acetic acid and warming the solution. If nickel or cobalt be })resent, a precipi- 
tate will be formed. Filter. Test the filtrate as before. When all the cobalt 
and nickel have been precipitated, wash as before.^ 

Dry the filter-paper and contents. Incinerate to burn off the paper. 
Dissolve the preciyntate in hydrochloric acid, mixed with a little nitric acid, 
and determine the nickel and cobalt separately as indicated below. 

§ 202. The Separation of Cobalt and Nickel — 

Fischer’s Nitrite Process. 

Fischer’s process * depends on the formation of an “insoluble” potassium 
cobaltinitrite — Fischer’s salt — under conditions where the corresponding 


^ All sulphides precipitated from hot solutions should be filtered and washed at 
once, so as to prevent oxidation. 8 . V. Sharpies, A?ner. J. Science j (2), 50 , 248, 1870; Chem. 
News, 22 , 2.50, 1870. 

* W. Funk {Zeit. anal. Chem., 45 , .562, 1006) uses formic acid. 

® Say 5 grms. of ammonium acetate per gram of cobalt /nickel. H. Kato (Joum. Chem. 
80c. Japan, 55 , 337, 1934) adds sodium acetate to the acetic acid solution until the acidity 
lies between pn 4*0 and 4-8. 

* Also copper, zinc and uranium, if present. W, Gibbs, Amer. J. Science, ( 2 ), 39 , 62, 
1865; Chem. News, ii, 147, 1865. 

® The manganese in the filtrate from the nickel and cobalt sulphides is determined as 
indicated on page 397. 

« Cf. page 608. A. Duflos and N. W. Fischer, Fogg. Ann., 72 , 476, 1847; 74 , 116, 1849; 
H. Rose, ib., iio, 411, I860; A. Stromeyer, Liebu/s Ann., 96 , 218, 1856; W. Gibl^ and F. A. 
Genth, ib., 104 , 309, 1857; Chem. News, 28, 51, 1873; H. Baubigny, Ann. Chim. Phya., ( 6 ), 
17 , 103, 1889; F. Gauhe, ZeU. anal. Chem., 4 , 56, 1865; 5 , 74, 1866; A. Brauner, ib., x 6 , 195, 
1877; 0. Brunck, Zeit. angew. Chem., 20 , 834, 1^7, 1907; H. Herrenschmidt and E. Capelle, 
Le Cobalt et le Nickel, Rouen, 1888; Chem. News, 6g, 112, 128, 142, 1894; Zeit. anal. Chem., 
32 , 607, 1893; W. Funk, ib., 46 , 1 , 1907; E. A. Hadow, Chem. News, 3 , 86 , 1860; G. Ferreri, 
Oiorn. Chim. Ind. Appl., 5 , 339, 1923; F. G. Germuth, Chemisi-Analyst, 29 , 4 , 1930; L. 
Bertiaux, Ann. Chim. anal., 18 , 377, 1913; A. A. Vassiliev, Zeit. anal. Chem., 78 , 439, 1929, 
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nickel salt is soluble. It is said that the presence of two parts of cobalt per 
million can be detected in this way. 

Precipitation of Potassium Cobalti nitrite. — Evaporate the solution coii” 
taining the mixed cobalt and nickel salts to dryness. Take up the residue 
with one or two drops of concentrated hydrochloric acid and as little water 
as possible. Add caustic potash^ to the solution until no more precipitate 
is formed on adding another drop of alkali. The solution will then have an 
alkaline reaction. Acidify the solution with an excess of acetic acid.^ Suppose 
that the total volume is between 5 and 10 c.e. Add half this volume of a 50 
per cent, solution of potassium nitrite ^ and stir the solution vigorously. Let 
the solution stand for 24 hours in a warm })lace. Test if the precipitation is 
complete ])y pipetting off a little of the clear solution and adding a little more 
potassium nitrite. If precipitation be not complete, transfer the small portion 
back to the main solution and repeat the treatment with more potassium 
nitrite solution. 

Filter the solution containing the yellow crystalline precipitate.^ Use the 
clear filtrate for transferring the precipitate to the filter-paper. Wash the 
precipitate with a barely acid 5 per cent, solution of potassium nitrite ® until 
1 c.c. of the washings boiled with hydrochloric acid and treated with caustic 
potash and bromine gives no black 2 )recipitate of nickel hydroxide, or until a 
portion of the washings neutralised with ammonia is not coloured brown with 
ammonium sulphide. 

Precipitation of Cobalt Hydroxide. — Transfer the precipitated potassium 
cobaltinitrite ® to a porcelain dish, cover with a clock-glass and add hydro- 
chloric acid until no more nitric oxide is evolved, showing that the nitrite is 
decomposed. Rinse the under side of the clock-glass into the dish and treat 
the solution with an excess of caustic potash and bromine,’ taking care that 

^ Some of the very best gratl(\s of caustic alkali contain nickel derived from the dishes in 
which the alkalies were made. Iron, alumina and silica also appear in all but the very best 
grades of (jaustic alkali, 

* L. L. de Koninck {IhilL Soc. chim. BeUj.^ 23 , 11, 2(K), 1909) considers that the subsequent 
precipitation is more complete if the solution contains a little free nitric acid and more 
potassium nitrite is added than suffices to neutralise the nitric acid. 

3 Potassium Nitrite Solution.— 1 grin, of the salt per 2 c.c. of water, and just neutralise 
the solution with acetic; acid. The solution is prepared for use as required. If the solution 
has any flecks of insoluble alumina or silica, filter. Always test each batch of potassium 
nitrite for silica, alumina and l(;ad before it is used. 

* If alkaline earths, copper or lead be present, some nickel may be precipitated with the 
cobalt owdng to the formation of triple nitrites of potassium, nickel and the third element. 
It is also important to use freshly prepared ammonium sulphide, or ammonia free from 
carbonates, in separating the alkaline earths from the ammonium sulphide group — H. 
Baubigny, Compt. nmt., 107 , 1148, 1888. Zinc and cadmium do not give precipitates when 
treated by the nitrite process. 

® Borne recommend washing w ith a 10 per cent, solution of potassium acetate containing 
a little potassium nitrite, because the potassium acetate can be removed by Washing with 
alcohol, in which it is fairly soluble, while potassium nitrite is but sparingly soluble in this 
solvent. B. Brauner, Zeit. anal. Chem.^ 16 , 195, 1877. There is no need for the alcohol 
washing here, and potassium nitrite alone gives better results. 

« O, L. Erdmann, Journ. prakt. Cheni., ( 1 ), 97 , 397, 1866; M. St Evre, ib., ( 1 ), 54 , 84, 
1861; Compt. rend., 33 , 166, 1861; A. Remele, Zeit. anal. Chern., 3 , 313, 1864; W. Braun, 
ib., 6 , 72, 1867; 7 , .313, 1868; A. Rosenheim and 1. Koppel, Zeit. anorg. Chem., 17 , .36, 1898; 
R. Wegseheider, ib., 49 , 441, 1906; T. Rosenbladt, Ber., 19 , 2636, 1886; S. P. Sadtler, Amer. 
J. Science, (2), 49 , 189, 1870; Chem. Neics, 22 , 8 , 16, 26, 1870; W. Bloinstrand, Chemie der 
Jetztzeit, Heidellasrg, 414, 1869. 

’ L. Dede (Chem. Ztg., 35 , 1077, 1911) recommends sodium or potassium persulphate in 
place of bromine, since only enough alkali is then needed to ensure alkalinity after the addition 
of the persulphate. The precipitation occurs in the cold after standing one or two hours with 
frequent shaking. It is claimed that the precipitated cobalt (or nickel) hydroxide can 1^ 
eaauy washed. 
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the solution is kept alkaline with potash. The cobalt is precipitated as black 
cobalt hydroxide. First wash by decantation with hot water, then filter through 
a close-packed filter-paper. After transferring the whole of the precipitate 
to the filter-paper, wash thoroughly with hot water until the washings are free 
from alkali. Dry and ignite the filter-paper and prc^cipitate in a Rose’s 
crucible. Cool, then ignite the contents of the crucible in a stream of hydrogen 
and weigh as metallic cobalt.^ 

Purification from Silica , — Owing to the large amount of alkali used in these 
determinations, the precipitates are particularly liable to contamination with 



Fig. 98. — Reduction of Cobalt Oxide. 

silica and alumina from the glass and porcelain vessels. To remove the silica, 
treat the oxide with hydrochloric acid in a porcelain crucible; evaporate the 
mass to dryness; mix with concentrated hydrochloric and nitric acids; add 
hot water; filter; wash with hot water; ignite the paper and contents; and 
weigh as silica — SiOg. 

Ignition in a Rose's Crucible, — Rose’s crucible ^ has an opening in the lid for 
the introduction of an earthenware pipe A for leading gas into the red-hot 
crucible.® The arrangement for this particular experiment is indicated in 

^ T. Bayley, Cheni, NewSj 34 , 81, 1876; A. Carnot, ib., 59 , 183, 1889; Cornpt. rend,, 108 , 
741, 1889; B. Brauner, Zeit, anal. Chem., 16 , 195, 1877. 

* H. Rose, Ann., no, 128, 1860. In the absence of a Rose’s crucible, an ordinary 

crucible and a common clay pipe of such a size that the mouth of the inverted bowl will just 
pass into the crucible may be used. A glazed crucible is preferable when a correction is 
subsequently made for silica. E. Murmann {Monats,, 19 , 403, 1898) describes a Gooch 
crucible with a tubulure below the perforated base whereby the precipitate can be filtered 
as in a Gooch crucible, and subsequently heated in a current of any desired gas. The tubes 
are easily broken, and they are therefore expensive. 

* W. Gibbs {Chem, News, 28 , 30, 1873; R. H. Lee, ib,, 24 , 234, 1871; Amer. J. Science, 
(3), 2 , 44, 1871) recommends a circular disc of porous earthenware above the substance to be 
heated and below the gas inlet pipe. The gases pass through the disc to the substance to be 
reduced by diffusion. Mechanical loss is thus prevented. The ’’soft” porous capsule Can 
be easily filed to fit the crucible perfectly. 
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fig. 98. The hydrogen ^ is generated in a Kipp’s apparatus, B. The hydrogen 
should be freed from arsenic, antimony, phosphorus and carbon compounds 
by washing in a solution, C, of potassium permanganate in concentrated 
sulphuric acid; from sulphur compounds by washing in a concentrated 
solution of caustic soda, D\ and dried by passing through a tower of calcium 
chloride, Explosions may be prevented by placing a glass tube containing 
cotton-wool between discs of wire gauze immediately after the drying tower.® 

The Rose’s crucible is placed in position and, when the air has been expelled 
by the hydrogen generated in the Kipp’s apparatus, light the burner and 
gradually raise the temperature of the crucible and contents to bright redness.^ 
The current of gas ^ should be so regulated that from about two to four bubbles 
per second pass through the wash-bottle during the earlier stages of the reduc- 
tion, when comparatively large volumes of steam are being evolved. The 
velocity of the stream may then be increased to about eight bubbles per second. 
In about 10 or 15 minutes the oxide should all be reduced to nu^tal. Remove 
the flame and let the crucible cool in the current of gas. Place the crucible in 
a desiccator and, when cold, weigh as metallic cobalt. For example the 
following figures were obtained : 

Rose’s crucible plus metal ..... 15*3572 grms. 

Rose’s crucible alone ...... 14*8731 grms. 

Metallic cobalt ...... 0*4841 gnu. 

The reduction is necessary because oxides of varying degrees of oxidation 
are formed by the ignition in air. Some prefer to convert the oxides into 
sulphates before weighing, and thus avoid the reduction.® (See §208, p. 425.) 

Determination of Nickel . — The nickel is determined ^ in the filtrate from the 
cobalt by acidifying the solution with hydrochloric acid in order to decompose 
the nitrite. Precipitate the black nickel hydroxide, Ni(OH) 3 , by adding 
caustic potash and bromine as just indicated for cobalt.® The precipitate, 
after washing, is reduced to the metallic state in a Rose’s crucible, as described 
for cobalt, or it may be ignited in an ordinary crucible and weighed as nickel 
oxide — NiO.® 


^ Not coal gas, because of the formation of cobalt carbides. 

* E, Schobig, Journ. prnkt. Vhem., (2), 14 , 289, 1876; E. Vai*enne and E. Hebre, Bull. 
Boc. chim., (3), 28 , 523, 1{K)2. 

® K, Fresenius, Zeit. amil. Chem., 12 , 73, 1873; C. G. Hopkins, Journ. Ainer. Chem. Soc., 
21 , 645, 1899; Vhem. News, 81 , 134, 1900. 

* The reduction of cobalt oxide begins at about 132® (W. Muller, Pogg. Ann., 136 , 51, 
1869); it is rapid at temiK^ratures exceeding 500® and is complete at temperatures between 
960® and 1000® (H. T. Kalmus, Journ. hid. Eng. Chtm., 6 , 107, 1914). 

® J. Habermann {ZeiL anal. Chem., 28 , 88 , 1889) recommends an alloy of tin with 83-84 
per cent, of zinc in preference to zinc alone. The form of Habermann’s alloy remains the 
same after the zinc has dissolved, and in consequence none falls into the low^er bulb of the 
Kipp’s generator. 

* E, J. Maumene, Compt. rend., 79 , 179, 1874; F. Gauhe, Zeit. anal. Chem., 4 , 53, 1865; 
W. J. Russell, Journ. Chem. Soc., 16, 51, 1863; H. H. Willard and D. Hall {Joimi. Atner. 
Chem. Soc., 44 , 2226, 1922) say that ignition of the sulphate at 550® is the most accurate 
method of all. R. Cematesco and E. Vascautanu (Ann. Set. Univ. Jasssy, 15 , 69, 1928) 
claim that, on ignition in a current of oxygen in a Rost>’s crucible, conversion to C 03 O 4 is 
complete. 

’ The electrolytic process, page 423, may be used, and in fact is strongly recommended, 
if convenient. 

* If the bromine be omitted, the apple-green precipitate of nickel hydroxide — Ni(OH)j — 
is difficult to filter and to wash free from alkali. 

* It is very difficult to wash the precipitate free from alkali. Alternatively the acid 
solution can be treated with ammonium sulphide and the precipitate ignited and weighed 
as NiO or metal. Silica can be determined as indicated in the text for cobalt. 
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The potassium nitrite process is by no means perfect, since nickel can be 
afterwards detected with the cobalt, and cobalt with the nickel. The error in 
the determination of the cobalt is, however, almost balanced by the slight 
solubility of the potassium cobalti nitrite precipitate in the mother liquid. The 
precipitate should not be allowed to stand much over the 24 hours without 
attention. This process, as indicated above (and also Liebig’s cyanide process), 
breaks down if alkaline earths be present. 

§ 203. The Separation of Nickel— Liebig's Cyanide Process. 

This process is based on the fact that nickel hydroxide alone is precipitated 
by bromine from an alkaline solution containing an excess of potassium cyanide. 
The nickel probably occurs in solution as a double cyanide of nickel and 
potassium, whereas the cobalt occurs in solution as potassium cobalticyanide. 
Bromine reacts with the former, not with the latter.^ 

The solution of the mixed sulphides is neutralised with potassium hydroxide 
and treated with a solution of ‘"pure” potassium cyanide until the precipitate 
first formed redissolves; add more potassium cyanide — in all, 3 or 4 grins, 
usually suffice. Then about 5 grms. of potassium hydroxide are added and 
about 5 c.c. of bromine, with constant stirring, until the nickel is all pre- 
cipitated. If necessary, add more potash in order to keep the solution alkaline 
throughout the whole process, or the jirecipitation will not be complete. The 
nickel should all be precipitated in about an hour. Dilute with about 800 c.c. 
of cold water and determine the nickel as indicated above. ^ 

The filtrate, containing the cobalt as potassium cobalticyanide, is eva])o- 
rated to dryness with dilute sulphuric acid in a platinum dish on a water bath 
in a fume cupboard ; then add concentrated sulphuric acid and evaporate on 
a sand bath until dense white fumes are evolv^ed and effervescence has ceased. 
This shows that the colourless cobalticyanide is all changed to rose-red cobalt 
sulphate. Cool. Dissolve the residue in water and precipitate the cobalt 
with bromine in alkaline solution as indicated above. 

Ill special cases, certain other methods for the determination of cobalt and 
nickel are useful. If suitable apparatus ])e available, the electrolytic methods 
of separation are splendid. The following are also useful in special cases. 

§ 204. The Separation of Small Amounts of Cobalt from Large 
Amounts of Nickel— Ilinsky and Knorre's a-Nitroso-jS-naphthol 
Process. 

This process ® depends on the fact that a solution of a-nitroso-jS-naplithol 
precipitates cobalt from a mixed solution of cobalt and nickel. The reagent 

1 J. von Liebig, Liehig^s Ann., 65 , 244, 1848; 87 , 128, 1853; h\ \^7)h^e^, « 6 ., 70 , 256, 1849; 
F. Gauhe, Zeit. anal. Chem., 5 , 75, 1866; C. Krauss, if)., 30 , 227, 1891; Chem. Newfi. 63 , 
254, 264, 280, 293, 1891; W. Gibbs, ih., it, 125, 1865: Amer. J. ^Science, (2), 39 , 58, 1865; 

E. A. Hadow, Chem. News, 3 , 85, 1860; H. Fleck, Journ. j)mM. Chem., ( 1 ), 97 , 303, 1866; 

F. J. Hambly, Chem. News, 65 , 299, 1892; H. K 6 nig, Chem. Ztg., 37 , 1106, 1913. 

* Or use the electrolytic process, page 423, which gives better results than the process 
indicated in the text. 

• M. Ilinsky and G. von Knorre, Ber., 18 , 699, 2728, 1885; 20 , 283, 1887; Chem. News, 
52 , 301, 1885; C. Krauss, Zeit. antd. Chem., 30 , 227, 1891; L. L. de Koninck, Rev. Univ. 
Mines, 9 , 243, 1890; Chem. News, 62 , 19, 1890; C. Meineke, Zeit. angew. Chem,, i, 3, 1888; 

G. von. Knorre, ih,, 6 , 264, 1893; R. Burgess, ib., 9 , 596, 1896; M. Ilinsky, Chem, Ztg,, 19 , 
1421, 1895; H. Copaux, Bm. Boc. ehim., (3), 29 , 301, 1903; Chem. News, 87 , 291, 1903; 

G. Slawik, Chem. Ztg., 38 , 514, 1914; A. Eder, ib., 46 , 430, 1922; K. Wagenmann, MeUdl 
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is so sensitive that a visible turbidity is produced in solutions which give no 
sign of cobalt by the nitrite process. The precipitate is rather bulky, so that 
the process is most convenient for separating small quantities of cobalt from 
comparatively large amounts of nickel. 

Digest the mixed sulphides with concentrated hydrochloric acid and add 
just sufficient concentrated nitric acid, drop by drop, to effect solution. 
Evaporate to dryness to expel the excess of nitric acid, adding more hydro- 
chloric acid if necessary. Add a few drops of hydrochloric acid to the residue, 
take up ill water and filter off any sulphur whicdi may have separated out. 
Dilute the solution so that it contains not more than about O-J grm. of cobalt 
per 100 c.c. Heat to boiling and add a hot, freshly prepared solution of 
a>nitroso-j8-naphthol ^ at the rate of 100 c.c. for each 0*1 grm. of cobalt in 
solution. Heat for a few minutes, stirring well. Stand for 2 hours, filter, 
wash with water. Dry, ignite in a current of oxygen and weigh as C03O4, 
or reduce the oxide in hydrogen and weigh as metal. 

The greatest difficulty in this process is the elimination of carbon. The 
cobalt seems to form a compound with carbon which is not destroyed even by 
ignition over a blast. The best procedure is to evaporate the washed precipi- 
tate to dryness with concentrated sulphuric acid, ignite in an air-bath at 
ii)(f to fiCKr and weigh as CoS()4. lliiisky and Knorre’s reagent also precipi- 
tates copper and iron quantitatively, and bismuth, chromium, silver and tin in 
part. It docs not precipitate aluminium, lead, cadmium, manganese, nickel, 
mercury, arsenic, antimony, calcium, magnesium and the alkali metals, 
although these constituents may be carried down mechanically with the cobalt 
precipitate. The latter must then be purified by solution and reprecipitation. 


§ 205. The Separation of Small Amounts of Nickel from Large 
Amounts of Cobalt— Brunck’s Dimethylglyoxime Process. 

Reference has already been made (page 412 ) to Tschugajeff’s test. When 
small quantities of nickel are in question, the solution should be evaporated 
almost to dryness.^ The rose coloration is best seen when the solution is filtered 

und Erz^ 18 , 447, 1921; J. E. Cleiinell, Mimn^g Mag., 36 , 270, 1927; W. J. Agnew, Analyst, 
53 , JU, 1928; C. Mayr and F Feigl, ZeiL amil. Chem., 90 , 15, 1932; L. A. Congdon and 
T. H. Chen, Ch(m. News, 128 , 132, 1924; L. Philippot, Bull. Sor. chim. Belg., 44 , 140, 1935; 
A. Craig and L. Culdroff, Chemist- Analyst, 24 , 10, 1935; F. G. Germuth, ib., 19 , 4, 1930, For 
the use of a-nitro-/?-naphthol as a precipitant instead of a-nitroso-/?-naphthol, see C, Mayr, 
Zeit. anal. Chem., 98 , 402, 1934. 

^ a-NiTBOso-^-NAPHTHt)!. SOLUTION. — Dissolve 2 grms. of the solid in 75 c.c. of cold glacial 
acetic acid. Dilute with 75 c.c. of water. Filter. I’he solution does not keep very well. 

* The nickel can be determined in the filtrate by evaporating to a small bulk with sulphuric 
acid and expelling most of the acid on a sand bath. The nickel may then be precipitated with 
caustic potash and bromine water as indicated above. 

® L. Tschugajeff, Ber., 38 , 2520, 1905; K. Kraut, Zeit. angew. Chem., 19 , 1793, 1906; 
0. Brunok, %h., 20 , 834, 1844, 1907; ib., 27 , 315, 1914; Chem. News, 99 , 275, 1909; A. Ivanicki, 
Stahl Eisen, 27 , 358, 1908; H. Wdowiszewski, ib., 27 , 960, 1908; 29 , fcs, 1910; P. Bogoluboff, 
ib., 30 , 468, 1911 ; L. V. \V. Spring, Journ. Ind. Eng. Chem., 3 , 255, 1911 ; F. Ibbotson, Chem. 
News, 104 , 224, 1911; H. Pederson, Met., 8 , 335, 191 1 ; S. W. Parr and J. M. Lindgren, Trans. 
Amer. Brassfounders' Assoc., 5 , 120, 1912; S. Zinberg, Zeit. anal. Chem., 52 , 529, 1913; 
H. Kbnig, Chem. Zig., 37 , 1106, 1913; R. Belasio and M. Marchionnoschi, Ann. Chim. appl. 
lUd., 1 , 133, 1914; W, »J. Marsh, Journ. Phys. Chem., 18 , 705, 1914; R. Riedel, Elektrochem. 
Zeit., 21 , 5, 1915; T. L. Walker, Trans. Roy. 80 c.. Canada, 9 , 93, 1915; C. A. Knittel, Metal 
Ind., 14 , 77, 1916; K. Wagenmann, Ferrum, iz, 126, 1916; P. Covitz, Met. Chem. Eng., 1 $, 
682, 1916; 8 . Rothschild, Chem. Ztg., 41 , 29, 1917; H. Grossmann and J. Mannheim, ZeU. 
angew. Chem., 30 , (1), 159, 1917; P. Nio^ardot and G. Gourmain, Bull. 80 c. chim., (4), 25 , 
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and the precipitate shaken with water.^ Larger amounts of nickel give a 
scarlet-red precipitate. If the precipitate be dissolved in a mixture of chloro- 
form and alcohol, and the solution evaporated to dryness, red needles of 
nickel-a-dimethylglyoxime are formed.^ The reaction is applied quantita- 
tively as follows : 

Evaporate the solution of mixed sulphides to dryness on a water bath. 
Dilute the residue to about 300 or 500 c.c., such that the cobalt is less concen- 
trated than 0*1 grin, per 100 c.c. Warm the solution to about 50^^; add 
0*2 grm. of dimethylglyoxime in alcoholic solution ^ and then add about 2 grms. 
of sodium acetate.^ Stir the solution thoroughly and let it stand about an 
hour. A voluminous j)recipitate of the nickel oxime separates.® Filter the 
solution through an asbestos-packed Gooch crucible. Wash with warm 
water (50^), and dry for about an hour at ]10‘^-120'^, after which there should 
be no further loss on drying.® When cold, weigh the mass as CQHi 4 N 404 Ni, 


338, 1919; G. T. Prior, Min. Mmj.y i8, 349, 1919: G. E. F. ljundcll and. I. 1. Hoffman, ./oar a. 
Ind. Eiuf. 13, .540, 1921; H. Kuhricus, (.hem. ZiUj.f 46, 2B, 1922; R. Strebinger and 

I. I\)llak, Mikrocht m., 2, 12.5, 1924; I. Poliak, /A., 2, 17, 1924; L. A. Congdon and 0. H. 
Beige, Chem. 128, 67, 1924; P. Wenger and E. Rogovine, II fir. Chim. Acta, 10, 242, 

1927; C. L. Thomas, Joarw. Elisha MitchcU Set. Hoc., 43, 214, 1928; G. W. Kiihl, Chem. Ztg., 
S3, 279, 1929; G. I. Smirnov, (^chenuie Zapiski Kazan (rosudars! Univ., 90, 1025, 1930; 

F. Feigl and H. J. Kapiilitzas, Zicit. anal. Chetn., 82, 417, 19.30; T. Nagai, Complcic Abs. 
Japan. Ckt ni. Lit., 6, 409, 1932; P. 8. Brown, Metal Ind., 5, ,349, 1913; E. Later, Fovndry, 
41, 243, 1913; L. C. JVlerriam, Che mist -Analyst, 22, 8, 1917; F. G. Germuth, ih., 19, 4, 1930; 

L. Dufty, Journ. Iron Steel Inst., 90, .52, 1914; S. Jshimaru, Journ. Chem. Hoc. Jaimn, 54, 
367, 1933; A. Guedras, Aciers spccianx, 8, 37.3, 19.33; .1. Hanedo, A nal. Fis. Quim., ^2, (ill, 
1934; R. D. Midson, Chem. Eng. Min, Jie.v., 29, 196, 1937; G. Batz, Zeit. anorg, allgcm. 
Chem., 231, 1.5, 1937; N. S. Krupemio, Zavadskaya Lab., 6, 239, 1937; K. Azzarello, A. 
Accado and F. Abramo, Aiti V. Congr. Nazi. Chim. Pura Ajiplicala, 19.35, (2), 658, 1936; 

G. Spacu and 0. G. Macarovici, Bui. Soc. Stihdi Cluj, 8, 444, 1936. For the determination 
of small quantities of nickel in rock analysis, see H. F. Harwood and L. 8. Theobald, Analyst, 
58, 673, 1933. For the colorimetric determination of nickel via dimethylglyoxime, see A. P. 
Rollet, Comjit. rerui., 183, 212, 1926; B. S. Evans, Analyst, 58, 450, 1933. For the separation 
of nickel and palladium, see M. Wunder and V. Thuringer, Arm. Chim. anal., ly, 201, 1912, 
Platinum is qualitatively, not (luantitatively, precipitated — M. Wunder and \^ Thuringer, 
ib., 17, 328, 1912. 

^ It should be noted that ferrous salts also give a red colour with dimethylglyoxime, but 
no precipitate. — W. Vaubel, Zeit. offent. Chem^2y, 163, 1921; E. .7. Kraus, Zeit. anal. Chem., 
71, 189, 1927. For the detection of nickel % gly oxime and for the increased sensitivity 
of the test, see A. R. Middleton and H. L. Miller, Journ. Amer. (Jhem. Soc.., 38, 1280, 1916; 

M. Matsui and T. Nakazaw^a, Mem. Coll. Sci. Kyoto, 4, 265, 1920; 0. Hackl, Chem. Ztg,, 
46, 385, 1922; F. Kirschner, Mikrochem., 1 , 88, 1923; F. Feigl, Ber., 57B, 758, 1924; P. 
Agostini, Ann. Chim. appl., 19, 164, 1929; G. 8ensi and R. Testori, ib., 19, 383, 1929; E. C. 
llighellato, Chem. Age, 28, 574, 193.3. 

® H. Grossmann and B. Schiick {Chem. Ztg., 31, 535, 643, 911, 1907) detect nickel in 
similar circumstances by means of dicyanodiamidine sulphate. The process is also used 
quantitatively — H. Grossmami, B. Bchiick, and W. Heiiborn, Bull. Soc. Ind. Rouen, 38, 116, 
125, 1910; P. Nicolardot and G. Gourmain, Bull. Soc. chim., (4), 25, 338, 1919. 

» Dimethylglyoxime Solution. — Dissolve 0-2 grm. of a-dimethylglyoxime— 
CHg.C : NOH.C : NOH.CH3 — in 20 c.c. of 98 per cent, alcohol. Filter the solution if 
necessary. The solution will not keep very long. 

* The precipitate is soluble in free mineral acids. Ammonium and sodium acetates render 
the mineral acids inert, 

* The solution should not contain more than half its volume of the alcoholic dimethyl- 
glyoxime, or appreciable amounts of the nickel oxime may be dissolved. Otherwise an excess 
of the solution does no harm. Theoretically, four times as much dimethylglyoxime by weight 
is needed as nickel to be precipitated. A small excess suffices — say five times; but if much 
cobalt be present, a greater excess is needed, owing to some of the glyoxime forming a complex 
salt with the cobalt. 

* P, Bogoluboff, StaM Risen, 29, 458, 1910. P. Nuka {Zeit. anal. Chem,, 91, 29, 1932) 
says that the precipitate should stand for an hour before filtering, and then be washed with 
cold water to reduce solubility losses. 
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and multiply the weight so obtained by 0*2586 to get the corresponding amount 
of nickel oxide, NiO. There is no danger of loss of nickel if the precipitate 
be heated below 250°.^ At this temperature the salt begins to sublime 
undecomposed. 

The process can be used for separating nickel from zinc, manganese, iron, 
cobalt, aluminium and chromium in amrnoniacal solutions in the presence of 
sodium acetate . 2 With zinc-nickel mixtures, for example, the dirnethyl- 
glyoxime is destroyed by f)oiling the filtrate from the nickel with hydrochloric 
acid, and the zinc precipitated by Tamm’s process. 


§ 206. Atack^s a-Benziloxime Process. 

Atack ^ gets excellent results with a-benzil oxime in alcoholic solution to 
which a little ammonia has been added. The warm reagent is added to a 
solution of tlie nickel salt, made alkaline with ammonia, and the whole heated 
on a water bath until the precipitate has coagulated. After about an hour, 
the precipitate is collected on a tared filter-paper or Gooch crucible, washed 
with warm 50 per cent, alcohol, then with hot water, dried at 110° and weighed. 
The precipitate contains 13*91 per cent, of nickel oxide, NiO. Nitrates 
interfere. The interference of cobalt and ferric iron is prevented by the 
addition of sodium citrate; of zinc and magnesium,* by ammonium chloride; 
of manganese, by a slight excess of acetic acid or citric acid and hydrazine, to 
prevent oxidation of the manganese; of chromium, by ammonium tartrate; 
and of copper, by Rochelle salt. 


§ 207. The Electrolytic Process for Cobalt and Nickel — 
Fresenius and Bergmann^s Process. 

Nickel and cobalt cannot be separated satisfactorily from solutions con- 
taining free acids, but they are readily separated from solutions of the double 
cyanides, double oxalates and double sulphates, or in the presence of alkali 


^ Accordinjj to Ibbotson the precipitate can be washed with amraoniiim nitrate 

solution and ignited to nickel oxide. The cobalt can be determined in the filtrate by evapor- 
ating it to a small bulk and prot^ceding as indicated above. Brunck recommends the joint 
determination of cobalt and nickel, direct determination of nickel, and cobalt by difference. 

* If iron, aluminium or chromium is present, tartaric acid is added to prevent the pre- 
cipitation of hydroxides on adding ammonia. When a solution of ferric and cobalt salts 
is made ammoniacal, an insoluble iron-cobalt complex is precipitated, but with iron in the 
ferrous state no precipitat/C is formed. Hence if iron be present, it is necessary to keep it 
in the ferrous condition by the addition of, say, sulphurous acid. Dimethylglyoxime then 
precipitates nickel quantitatively, while iron and cobalt remain in solution. When chromium 
is also present, some ammonium chloride is added — O. Brunck, ZeiL angew. Chem,^ 27, 315, 
1914; J, G. Weeldenburg, Chem. Weekblad., 21, 358, 1924; J?ec. Trav. chim,, 43, 465, 1924. 

• F. W. Atack, Analyst^ 38, 316, 1913; Joum, Chem, Soc,y 104, 730, 1913; Chem. Ztg.y 
37, 773, 1913; H. Grossmann and J. Mannheim, Ber., 50, 708, 1917; R. Strebinger, Chem, 
Ztg.f 42, 242, 1918; F. G. Germuth, ChemisUAnalyst, 17, 3, 7, 1928; 16., 19, 4, 1930. Strebinger 
(lx,) says that when the nickel exceeds 25 mgrms. some of the precipitant is occluded, leading 
to high results. In such cases he recommends ignition to nickel oxide. Other dioximes 
have been used for the detection and determination of nickel, e,g, oxalenediuramido-oxime 
(F. Feigl and A, Christiani-Kronwald, ZeU, anal, Chem., 65, 341, 1925); a-furildioxime (B. A. 
Soule, Joum, Atner, Chem, 80 c., 47, 981, 1925; H. F. Harwood and L. S. Theobald, Analyst, 
58, 673, 1933). 
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acetates, tartrates, citrates, etc.^ In Fresenius and Bergmann’s process, ^ 
which is most generally used, the double sulphate of ammonium and nickel, or 
ammonium and cobalt, in ammoniacal solution, is employed. The presence of 
sodium phosphate or ammonium sulphate is favourable to the deposition of 
these metals. Cobalt deposits rather more slowly than nickel, and the results 
with cobalt are usually a little too high. 

The Electrolyte . — Mix the given solution with 5 10 grms. of ammonium 
sulphate and 30 -40 c.c. of concentrated ammonia for every 0*25~0-30 grm. of 
the nickel or cobalt sulphate or chloride ^ in the solution under investigation. 
Dilute the solution with distilled water until it occupies a volume of about 
150 c.c. 

The Electrolyais . — The solution is electrolysed at the room temperature ® 
with a current density of 1 *0 to 1-5 amps., and 2*8 to 3*5 volts. The electrolysis 
is completed in the case of nickel in about 2J to 3 hours; and in the case of 

^ W. Gibbs, Zeit. anal. Chcm.. 3 , 336, 18(»4; II, 10, 1872; 22 , 5.')8, 1883; F. Wri^htson, 
« 6 ., 15 , 300, 1876; T. Schwed<*r, ?7>., 16 , 344, 1877; W. Ohl, ib., 18 , 523, 1879; C. Luckow, 
Dialler's Joum., 177 , 235, 18.50; ,7. M. M<‘rri<‘k, Chftn. Ncwn, 24 , 100, 1871 ; A. Kichc, ('ompt. 
refui.^ 85 , 226, 1877; Ann. Chim. Phys.^ (5), 13 , 508, 1878; A. Classen and M. A. von Keis, 
Ber.f 14 , 1622, 1881; L. 8 ehucht, Zeit. anal. Chem.. 22 , 485, 1883; (.%fm. News, 47 , 209, 
1883; F. Oettel, Zvit, anni. Chem., 27 , 15, 1888; C. A. Kobn and 3. Woodtrate, Journ. Soc. 
Chem. Ind., 8 , 256, 1889; A. Brand, Zt il. anal. Chem., 28 , 581, 1889; G. A. Le Roy, Oornpt. 
reyid.t I 12 , 722, 1891; F, KiidorfT, Zeit. angew. (-hem.y 5 , 3, 197, 1892; 0. Winkler, Zeit. 
anorg. Che.m.y 4 , 10 , 1893; ib., 8 , I, 1895; C. Vortmann, Monatn.y 14 , 536, 1894; Chem. 
Centr.y (1), 877, 1894; E. 1). Campliell and W. H. Andrews, Journ. Amer. Chem. Soc.y 17 , 
125, 1895; A. Hollard, Compt. rend.y 123 , 1063, 1896; G. Ducni, ib.y 125 , 436, 1897; 
L. Wolnian, EUkhochem. Zeit.y 3 , 537, 1897; 1). Balaehowsky, (htmpt. retid., 132 , 1492, 1901; 
A. Hollard, Bull. Sac. chim.y (3), 29 , 116, 1903; F. Exner, Journ. Amer. Chem. JSoc.y 25 , 
899, 1903; A. Hollard and L. Bertiaux, Compt. reml., 137 , 853, 1903; ? 6 ., 138 , 1605, 1904; 
Bull. SfjC: chim.^ (3), 31 , 9(X), 1904; A. Fischer and R. J. Boddoc^rt, Elektrochem. Zeit.y 10 , 
945, HK)4; E. F. Smith, Journ. Amer. Chem. Soc.y 26 , 1595, B)04; L. G. Kollock and E. F. 
Smith, ih.y 27 , 1255, 1527, 1W)5; ib.y 29 , 797, 1907; F. M. Perkin and W. C. Prebble, Trans. 
Faraday Soc.y l, 103, 1905; J. Fk Root, Journ. Phyn. Chem.y 9 , 1, 1905; A. Thiel and A, 
Windclschmidt, A7e4*/roc/te/a. Zeit.y 12 , 737, 1906; F. Foerstcr, «7>., 13 , 563, 1907; F. Foerster 
and W. Treadwell, junr., ib., 14 , 89, 1908; A. Fischer, Chem. Ztg.y 32 , 185, 1908; A. Thiel, 
Elektrochem. Zeit.y 14 , 201, 1908; A. Schumann, Zeit. anyew. Chem., 21 , 2579, 1908; G. 
Lambris, Elektrochem. Zeif.y 15 , 973, 1909; V. S. Tat lock, Zeit. anal. C hem.y 48 , 433, 1909; 
J. T. Stoddard, Journ. Amer. Chem. Eoc.y 31 , 385, 1909; E. V. Alvarez, Ann. Chim. ancd., 14 , 
169, 1910; P. Bruylants, Bull. Soc. chim. Belg.y2$y 383, 1909; ib., 24 , 367, 1910; R. C. Benner 
and W. H. Ross, Journ. Amer. Chem. Eoc.y 33 , 493, 1911; L. Bertiaux, Ann. Chim. anal.y 18 , 
377, 1913; E. P. Later, Foundryy 41 , 243, 1913; H. Konig, Chem. Ztg.y 37 , 1 106, 1913; W. d. 
Marsh, Journ. Phys. Chem., 18 , 705, 1914; T. L. Walker, Trann. Boy. Soc. Canada, (3), 
9 , 93, 1915; E. F. » 8 mith, Trans. Amer. Elexirochem. Soc., 27 , 3, 1915; »I. Guzmdn and 
E. Jimeno, An«/. Fis. Quim., 14 , 250, 1916; 8 . Rothschild, Chem. Ziy., 41 , 29, 1917; P. Nicol- 
ardot and G. Gourman, Bull. Soc. chim., (4), 25 , 338, 1919; M. Matsui and T. Nakazawa, 
Journ. Tokyo Chem. Soc., 40 , 339, 1919; Mem. Coll. Sci. Kyoto, 4 , 265, 1920; E. Fernandez- 
Espina, Anal. Fis. Quim., 17 , 199, 1919; N. H. Furman, Journ. Amer. GAcm. aSoc., 42 , 1789, 
1920; G. E, F. Lundell and J. I. Hoffman, Journ. Jnd. Eng. Chem., 13 , 540, 1921; K. 
Wagenmann, Metall und Erz., 18 , 447, 1921; E. Rousseau, Chim.. et Jnd., 13 , 199, 1926; 
C. Marie and J. Berthelot, Compt. rend., 183 , 793, 1926; W. Moldenhauer, Zeit. anyew. 
Chem,, 39 , 640, 1926; B. Tougarinov, Bull. Soc. chim. Bely., 39 , 331, 1930; D. H, Brophy, 
Ind. Eng. Chem. Anal. Ed., 3 , 363, 1931; H. Banned and H. Nissenson, Inter. Cony, anyew, 
Chem., 4 , 679, 1903; G. Feireri, Giorn. Chim, Ind. appl., 5 , 339, 1923; J. Hope, Journ. Soc. 
Chem. Ind., 9 , 375, 1890; E. P. Smith, Electro^ Analysis, Philadelphia, 275, 1918. For 
errors in the electrolysis of alkaline solutions, see E. Reichel, Zeit. anal, Chem., 411, 1932. 

* H. Fresenius and F. Bergmann, Zeit. anal. Chem., 19 , 314, 1880. 

* M. S. Cheney and E. S. Richards, Amer. J. Scieme, (3), 14 , 178, 1877, 

Nitrates should Ixs absent. If nitrates be present in the solution, evaporate to dryness 
with sulphuric acid in order to expel the nitric acid. Accsording to W. J. Marsh (/.c.), both 
nitrates and chlorides must be absent, while A. Schumann (/.c.) says that neither nitrates 
nor chlorides interfere. A. Thiel (l.c.) concludes that nitrates ai-e innocuous, provided no 
trace of nitrite is present. 

® If the solution is electrolysed at, say, 45'’~50®, 1 J to 2 hours are needed for the electrolysis. 
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cobalt, in 5 to 6 bours.^ Break the current; pour off the exhausted electrolyte 
(page 257); wash, dry and weigh the deposit. 

The deposited nickel adheres firmly to the cathode and it has a bright 
silver-grey colour, sometimes closely resembling the ayjpearance of the 
platinum itself. The col)alt deposit is generally brown or black in colour. It 
is rare to see a brilliant cobalt deposit. The results with the dark-coloured 
cobalt deposits are quite as satisfactory as with a bright deposit. 

If too little ammonia has been used in the electrolyte, some nickel may be 
deposited on the anode, giving low results. Too much ammonia retards the 
deposition of the metals. The presence of ammonium chloride or ammonium 
nitrate also retards the deposition of the metals. ^ 

A couj)le of test experiments quoted from Fresenius and Bergmann’s paper 
show that good results can be obtained. This agrees with general experience. 

Nickel. Cobalt. 

Used .... ()-1233 0-1280 grm. 

Found .... 0*1233 0*1286 grm. 

Treatment of Mixed Cohalf and Nickel Sulphides. — In actual analyses, mixed 
c(ibalt and ni(‘kel sulphides are often obtained. To prepare these for analysis, 
ignite the filter-paper in the usual way (page 41G). Dissolve the sulphides 
and ash of the paj)er in hydrochloric acid with a little nitric acid. Evaporate 
the solution to dryness on a water bath. Dissolve the residue in a little dilute 
sulphuric acid and transfer the solution to the platinum basin for electrolysis; 
add 5 grms of ammonium sulphate, 40-60 c.c. of ammonia; dilute the solution 
to about 150 c.c. with distilled water; and jiroceed with the electrolysis 
as indicated above. Weigh the mixed deposit as metallic ‘‘cobalt + nickel.” 
Dissolve the metals in hot nitric acid and dtd-ermine either the nickel or the 
cobalt by one of the processes described in this work. The other metal can be 
obtained by difference. 

Removal of the Deposit from the Electrode. — Nickel is difficult to remove from 
the cathode, because it is inclined to become ‘’passive.” Warm nitric or sul- 
phuric acid may be used for dissolving the metal. Owing to the close resem- 
blance between the deposited nickel and the platinum, special care must be 
taken to dissolve oft’ all the nickel before the cathode is heated ready for the next 
determination. It is very difficult to remove the stain left on })latinum when it 
has been heated in contact with nickel. The removal of cobalt presents no 
particular difficulty, since it does not assume the passive condition and it is 
readily soluble in concentrated nitric acid. 

§ 208. The Determination of Cobalt as Phosphate— Dirvell’s Process. 

Cobalt can be determined conveniently as cobalt ammonium phosphate, 
C0NH4PO4. 11.^0,^ or as cobalt pyrophosphate, C02P2O7, though the method 


^ To test for the end of the electrolysis in the colourless solution, transfer about 1 c.c. by 
means of a pipette to a test tube. Add HjS water. A brown coloration will show that the 
metal is not all deposited. Yellow ammonium sulphide is not so good for making the test, 
because its yellow colour may mask the colour produced by small quantities of nickel or cobalt. 

• If the electrolysis of aramoniacal solutions be too protracted, the cathode increases in 
weight as soon as all the nickel is deposited, possibly owing to the dissolution of the anode — 
F. P. Treadwell, Kurzejt Lehrhitch der anulytischen Ohemie^ Leipzig. 2 , 115, 1911. 

» P. Dirvell, Compt rend., 89 , 903, 1879; Chem. News, 40 , 268, 1879; d. Clark, 16 ., 48 , 
262, 1883; Proc. Ola^ow Phil. Sor.^ 15 , 18.3, 1884; d. Hope, Jmirn. Soc. Chem, Ind., 9 , 376, 
1890; H. D. Dakin, ZeU. ami. Chem., 39 , 784, 1900; 0. 8 . Tatlock, t 6 ., 48 , 433, 1909; L. 
Dufty, Joum. Iron Steel Jmt,, 90 , 62, 1914; W. R. Schoeller and A. R, Powell, Analyst, 41 , 
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is somewhat inferior in accuracy to the electrolytic or a-nitroso-jS-naphthol 
process. 

Precipitation of Cobalt Ammonium Phosphate. — The solution, containing 
about 0*1 grm. of cobalt per 100 c.c., after adjustment to the faintest acidity, 
is heated almost to boiling. A solution of microcosmic salt, at the rate of 5 to 8 
grms. of the salt in 20 c.c. of water for every 0*1 grm. of cobalt present, is then 
added drop by drop with constant stirring. The mixture is digested without 
boiling over a mushroom-beaded burner or heated on a water bath, until the 
bulky violet precipitate changes into a compact red crystalline form. The 
precipitate is now filtered through a Gooch crucible, wdiich has previously 
been dried for li hours at 105 *^ and weighed. The filtrate is used to transfer 
the last traces of the precipitate from the beaker to the crucible. Finally the 
precipitate is w'ashed free from soluble pluisphates with hot w^ater. The 
crucible and contents are dried as previously for 1 J hours and the precipitate 
weighed as C0NH4PO4.H2O containing 39*44 per cent, of cobalt oxide, CoO. 

A little cobalt escapes precipitation. This is recovered by making the 
filtrate ammoniacal and passing hydrogen sulj)hide ihrough it. The pre- 
cipitated cobalt sulphide is filtered off, washed, strongly ignited and weighed 
as C03O4. 

The cobalt ammonium phosphate can be ignited in the crucible to pyro- 
phosphate and weighed as such, but care niu.st be taken in the early stages 
of the ignition to guard against loss by spurting during the evolution of water 
and ammonia from the decomposing precipitate : — 

2O0NH4PO4.H2O - C02P2O7 -f 2NH3 + 3H2O 

If this procedure is adopted the crucible should be initially ignited and not 
merely dried at 105 *^. 

The Influence of Nickel. — It is stated that, if the precipitation is made in 
faintly ammoniacal solution, any nickel present remains in solution so that the 
process can be used for separating cobalt from nickel, provided the amount of 
microcosmic salt is proportionately increased to allow for the nickel present. 
However, when nickel is present a double precipitation is advisable. It is 
clearly impossible in the presence of nickel to recover the cobalt in the filtrate 
by precipitation as sulphide, since the nickel will be simultaneously pre- 
cipitated. A better method, particularly when only small amounts of nickel 
are present, as in cobalt oxides (see page 429 ), is first to separate the nickel by 
the glyoxime process. The excess of glyoxime in the filtrate is then destroyed 
by evaporating to small bulk with a slight excess of concentrated hydrochloric 
or nitric acid. The solution, after dilution and neutralisation, is now ready for 
the precipitation of the cobalt as y)hosphate.i 


124, 1916; 42, 189, 1917; 44, 275, 1919; Journ. Irm Steel Inst., 97, 441, 1918; F. Ibbotson 
and L. Aitchison, The Aimlysis of Non-Ferrous Alloys, 158, 1922; H, H. Willard and D. Hall, 
Journ. Amer. Chem. Soc., 44, 2226, 1922; L. A. Congdon and T. H. Chen, Ghem. News, 128, 
132, 1924. » . , 

^ For the separation of cobalt from nickel as xanthate, see W. R. Schoeller and A. R. 
Powell, Analyst, 44, 275, 1919; L. Coinpin, Ann. Chim. anal., (2), 2, 218, 1920; A. Whitby 
and J. P. Beard, Journ. Chem. Met. Min. Soc. S. Africa, 21, 199, 1921. Thiophenylhydantoio 
acid has been recommended for the separation of cobalt from a number of elements, other 
than nickel—H. H. Willard and B. Hall, Journ. Amer. Chem. Soc., 44, 2219, 1922. 
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§ 209. The Colorimetric Determination of Small 
Quantities of Cobalt. 

Lampadius’ attempt ' to determine small quantities of cobalt from the 
reddish-brown colour produced when ammonia is added to the solution of a 
cobalt salt was not very successful. The colour changes on exposure to the air.^ 
Muller used a colorimeter for estimating the amount of cobalt. This measured 
the cobalt in terms of the intensity of the colour of solutions of its salts and 
Winkler, recognising that the colour of cobalt solutions is complementary to 
that of nickel solutions,^ and that the one solution therefore neutralises the tint 
of the other, found that the maximum decolorisation occurred when the pro- 
portion of nickel to cobalt was as 3:1. Hence Winkler proposed adding 
nickel or cobalt to a given solution until the maximum decolorisation occurred. 
This furnished data sufficient to compute an approximation to the amount of 
nickel and of cobalt in a given solution. The process is not very reliable. 

Skey,® as indicated on page 411, found that, when solutions of cobalt thio- 
cyanate arc shaken up with ether and amyl alcohol, a blue superincumbent 
layer is obtained, and this reaction is sometimes inaptly called “Vogel’s test” 
for cobalt. Skey suggested shaking out the cobalt thiocyanate with ether 
as a means of separating cobalt and nickel; and this idea was later used 
by Rosenheim and Huldschinsky,® and recommended for separating cobalt and 
nickel by a process similar to that used by Rothe (page 505) for separation of 
iron. 

The red colour of ferric thiocyanate, if present, masks the blue colour of 
the cobalt thiocyanate and, in consequence, the iron must be removed. 
Wolff’ proposed removing the iron by first adding an excess of ammonium 
thiocyanate, and then sodium carbonate until the blood-red colour of the 
ferric thiocyanate disappeared. The precipitated ferric hydroxide was 
removed by filtration, and the filtrate shaken with ether to get the cobalt-blue 
coloration. This is quite satisfactory. Bettink preferred reducing the ferric 
iron to the ferrous condition by means of sodium thiosulphate until the red 
colour of the ferric thiocyanate disa])peared. The filtered solution was then 


^ W. A. Lampaclius, Journ. prakt. Chem., (1), 13 , 38.^>, 1S38. 

* T. Bodemann, Anleituvg zur Berg- und JIuftenmdnfii.sr,hen Probier kunsff Claiisthal, 456, 
1857. 

* A. Miiller, Da^i compUmeniar Cohriwefer^ Chemnitz, 1854; Journ. prakt. Chem., (1), 
60 , 474, 1853; F. Dehms, Zeit. anal. Chem.^ 3 , 218, 494, 1864. 

^ R. Wagener, Journ. prakt. Chem., ( 1 ), 61 , 129, 1854; C. Winkler, / 6 ., (1), 97 , 414, 1866; 
R. W. Challinor, Journ. Roy. Soc. N.S.W.^ 38 , 406, 1905; E. J. Maumem'*, Compt. rend., 
30 , 209, 1850; J. H. Gladstone, Phil. M<ig., (4), 9 , 535, 1855; T. Bayley, ib., (5), 6 , 15, 1878; 
Journ. Chem. Soc.., 37 , 828, 1880; J. Bottomley, Proc. MancheMer Lit. Phil. Soc., 19 , 164, 
1880; Chem. News, 42 , 56, 1880; M. Knieder, Berg. Nutt. Ztg., 53 , 243, 1894; F. Dehms, 
Dingier " 8 Journ., 172 , 440, 1864; 173 , 436, 1864. 

« W. Skey, Chem. News, 16 , 201 , 1867; H. W. Vogel, Ber., 8 , 1533, 1875; 12 , 2314, 
1879; Zeit. anal. Chem., 21 , 563, 1882; T. T. Morrell, ib., 16 , 251, 1877; Pharm. Centr,, 
17 , 394, 1877; W. H. Bettink, Nederl. Tijdschr. Pfwrm., ii, 43, 1899. H. Ditz (Chem. Ztg., 
2 $, 109, 1901) studied the changes of colour of cobalt salts by the action of glycerine, ether, 
alcohol, acetone, etc. Skey isolated blue acicular crystals from the ethereal solution of cobalt 
thiocyanate. F. P, Treadwell (Zjcit. anorg. Ch^m., 26 , 108, 1901) later represented the com- 
position of the crystals bv the formula (NH 4 )jCo(SCN) 4 . 

* A. Rosenheim and E, Huldschinsky, Zeit. anal. Chem., 40 , 809, 1901 ; Ber., 34 , 2050, 
1901; A. Rosenheim and A. Cohn, ih., 33 , 1111, 1900; F. W, Dootson, Proc. Cambridge Phil. 
Soc., 12 , 125, 1903. 

’ C. H. Wolff, Zeit. anal. Chem., 18 , 38, 1879; C. Zimmermann, ib., 20 , 414, 1881 ; Liebig^a 
Ann., Z 99 , 1, 1879; W. H. Bettink, Nederl. Tijdschr. Pharm., xi, 64, 1899. 
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treated with ether as before. There are several objections to the use of 
sodium thiosulphate. These reactions can be applied to the colorimetric 
determination of small quantities of cobalt^ in the following manner: — 

Standard Solution. — Pipette 1 c.c. of a standard solution of cobalt sulphate ^ 
into a graduated Nessler's tube,^ 25 to 30 c.c. capacity. Add 1 c.c. of dilute 
sulphuric acid; 5 c.c. of water; 0*2 grm. of solid ammonium thiocyanate; ^ and 
water up to the 10 c.c. mark. 

Test Solution. — Add 1 grm. of ammonium thiocyanate per 50 c.c. of the 
solution under investigation,^ and then add concentrated sodium carbonate — 
NagCOa — until the red colour of the ferric thiocyanate disa])pears.® Filter and 
wash. Neutralise the filtrate with dilute sulphuric acid, and make the solution 
up to 100 c.c. Pipette, say, 5 c.c. into a Nessler’s tube; add 1 c.c. of dilute 
sulphuric acid; ami make the solution up to the 10 c.c. mark with water. 

The Comparison. — Fill both tubes up to the 20 c.c. mark with a mixture of 
ether and amyl alcohol.^ Shake the mixture. As soon as the ethereal and 
aqueous layers have separated compare the colours of the ethereal solutions, 
and note if more or less standard solution is ncetled to make the tints of the two 
solutions the same. Add a diluted solution (say 1 in 10 c.c.) of the standard 
cobalt solution to the ])aler-tinted solution from a burette reiiding to J,-) c.c., 
and an equivalent amount of water to the other solution, until the tints of the 
two solutions are the same. Or make up other standard solutions, if necessary, 
containing more or less standard cobalt sulphate, until the tints of the standard 
and test solutions are tlie same. The calculations are then made in the usual 
way. 

Example. — S uppose 5 e.e. of the “filter press wat(T” of a pottery be evaporated to 
drynes.s and the residue washed, and its solution, about 5 <\(^, be treated as described 
above. After a (jomparison the test solution was the paler. It required 2*58 c.c. 
of diluted cobalt sulphate (10 c.c. of standard was made up to 100 c.c. with water) 
to equalise the tints. Hence the standard solution had 0 00001 grm. of cobalt, and 
the test solution f 0 00000258 grm. of cobalt. Hence a — 0*000(K)742 grm. of cobalt 
per 5 c.c. of filter press water. But this is equivalent to 0-00000742 x 2*203 = 
0*00001635 grm. cobalt chloride, C/0CI2, 5 c.c., or 0*00327 grm. per litre; or the 

equivalent of 0 00052 oz, of anhydrous cobalt chloride was escaping p(‘r gallon of the 
filter press water. 

The aqueous layer retains about one-tenth of its volume of ether, and also a 
trace of cobalt ; but since the standard and test solutions are similar, the error is 
negligibly small. Otherwise the ethereal solutions would have to be removed 
and the aqueous layer washed out with ether, and the two solutions compared 
in any convenient way. 


^ ,1. W. Mellor, Trrms. Cer. Soc-., 8, 132, 1909; A. D. Powell, J(mrn. Soc. Chern. Ind., 
36, 273, 1917; E. S. Tomula, Suomen Kern., 2, 72, 1929; anal. Chem., 83, 6, 1931; W. 
Heinz, ih., 78, 427, 1929. 

* Standard Solcttion of Cobalt Sulphate. — Dissolve 0*01 grm. of cobalt in dilute 
sulphuric acid and make the solution up to a litre with water. Alternatively, take 0*0477 grm. 
of pure, nickel-free cobalt sulphate, CoS04.7H,0. This gives a solution containing 0*01 grm. 
cobalt per 1000 c.c. or 1 c.c. is equivalent to 0*00001 grm. of cobalt. 

® The Nessler’g cylinders are about 17 cm. high and 13 mm. internal diameter, and made 
from colourless glass. The cylinders should be as nearly alike as possible, and stoppered. 
See page 75. 

* All the reagents must be free from iron — see page 185. 

® Say, a solution obtained during the analysis of a “stained body or glaze.’’ 

® If no iron is present, the treatment with sodium carbonate is unnecessary. 

’ Ethee- Alcohol Mixture. — Methylated ether, 5 vols.; isoamyl alcohol, 5 vols. 
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This method is useful for estimating the small amounts of ‘^cobalt” used 
for ‘"bleaching” china clays and pottery bodies.^ 

§ 210. The Evaluation of Cobalt and Nickel Oxides. 

The standard for commercial “black oxide” of cobalt is 70 per cent, of 
metallic cobalt, corresponding with 89 per cent, of cobalt monoxide — OoO; 
but it generally contains the equivalent of 71 to 72 j)er cent, metallic cobalt. 
The standard for “prepared oxide” is 74*5 per cent, of metal, corresponding 
with 94*7 y)er cent, of CoO; but commercial sam})les sometimes run as high as 
76 to 77 per cent, of metallic cobalt. This corresponds with 96*6 to 98 per cent, 
of cobalt oxide — OoO. Hence, in evaluating these oxides, a determination of 
the percentage of cobalt or nickel as metal generally suitices.'^ A qualitative 
test should always be made. If any of the metals indicated below be absent, 
the process can be abbreviated accordingly. 

Assume, in the extreme case, that the oxide contains silica, some metals in 
the hydrogen sulphide group, iron, aluminium, manganese, zinc, nickel and 
cobalt. In evaluating the oxide, therefore, everything is got into solution and 
the impurities are removed, step by stej). For a full analysis, the method 
indicated in the schemes, pages 327 and 413, may be used; for the cobalt and 
nickel oxides alone, proceed as described below. 

1. Dissolution of the Oxide. \)ig,est half a gram of the oxide in a 200 c.c. 
beaker with 10 c.c. of concentrated hydrocliloric acid. Filter, wash and 
ignite the residue. Fuse the residue with sodium carbonate; take up the 
mass with hydrochloric acid; evaporate the mixed solutions to dryness in a 
basin. 

2. Removal of Silica, Iron and Aluminium. — Add 35 c.c. of concentrated 
ammonia and a few grams of solid ammonium chloride, and warm the mixture 
until the residue is disintegrated; filter; w^ash wdth hot water and keep the 
filtrate. Poke a hole in the tip of the filter-])aper and rinse the residue on the 
filter-paper back into the basin; pour hot dilute hydrochloric acid (1 : 2) 
through the filter-paper to dissolve any traces of the residue, collecting 
the runnings in the basin under the funnel; w^ash; boil until solution is com- 
plete; add ammonium chloride and excess of ammonia to the boiling solution; 
filter; wash thoroughly with hot water; and unite the tw^o filtrates.® 

3. Precipitation of Copper by Hydrogen Sulphide. — Boil off any excess of 
ammonia; just acidify the solution with hydrochloric acid; and then add 
5 c.c. of the concentrated acid in excess; boil a few minutes; dilute to about 
250 c.c. with water; pass hydrogen sulphide through the hot solution (70^^- 
80°) to precipitate copper, lead, etc. Filter and wash wdth water saturated 
with hydrogen sulphide; boil the filtrate to expel the hydrogen sulphide. 

^ For alternative methods, see ('. Hiittner, Zie.it . anorg. Vhem., 86 , 341, 1914; F. W. 
Atack, Joiirn. Soc.. Chem. Jrui., 34 , (HI, 1915; E. G. Jones, Afmh/st, 43 , 317, 1918; C. Brenner, 
Heh. Ckim. Acta, 3 , 90, 1920; 8 . A. Braley and F. B. Hobart, Jours. Amer. Clu m. Soc., 43 , 
482, 1921; A. Blanchetiere and J. M. Pirlot, Compt. rend. Soc. biol., loi, 858, 1929; M. 
Delaville, ih., loi, 1082, 1929. 8 eo W, Heinz (Zeit. mial. Chem., 78 , 427, 1929) for the accurac^^ 
and available range of various metliods. For the colorimetric determination of nickel by 
the use of potassium thiocarbonate, see M. Lucas, Bull. Soc. chim., (3), 21 , 432, 1899; Chem. 
News, 80 , 39, 1899; V. Lindt, Zeit. anal. Chem., 53 , 165, 1914. 8 ee also L. T. Fairliall, 
Journ. Ind. Hygien-e, 8 , 528, 1926; A. F. RoUet, Compt. rend,, 183 , 212, 1926; B. Jones, 
Analyst, 54 , 582, 1929; G. Deniges, Hull. Soc. pharm. Bordeaux, 70 , 106, 1932. 

* For the analysis of cobalt ores, see H. Copaux, Bull. Soc. chim., (3), 29 , 301, 1903; and 
for the analysis of nickel ores, A. HoUard, Ann. Chim. anal., 8 , 401, 1903. 

* The amount of iron and alumina is usually too small for the result to be affected by the 
adsorption of salts of nickel and cobalt by the precipitated iron; if otherwise, use the basic 
acetate separation. 
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4. Removal of Manganese . — Add a slight excess of ammonia; acidify the 
solution strongly with acetic acid; add 1 to 2 grms. of ammonium acetate; 
heat the solution to or 80°; saturate the solution with hydrogen sulphide; 
filter and wash with hot water. The manganese remains in solution; the 
cobalt, zinc and nickel are precipitated. The filtrate probably still contains 
traces of cobalt and nickel. To precipitate these, concentrate the solution 
by evaporation; add colourless ammonium sulphide; acidify the solution 
with acetic acid; warm, and filter, if necessary, into a separate beaker. Test 
the filtrate in the same way and, if necessary, repeat the operation. 

5. Removal of Zinc . — Wash the precipitated sulphides from the paper 
as completely as possible; dry and burn the paper; dissolve everything in 
hydrochloric acid with a little nitric acid. The solution contains cobalt, 
nickel and zinc. To remove the latter, add 2 or 3 grms. of finely crystalline 
ammonium chloride^; evaporate the solution to dryness on a water bath; 
heat the solid mass until all the ammonium chloride is expelled. Zinc is 
volatilised at the same time. When cold, dissolve the mass in aqua regia 
and evaporate to dryness. The solution is now ready for the separation of 
cobalt and nickel as described on pages 415 et seq. The zinc can also be 
removed by precipitation as sulphide in the presence of formic acid (see 
page 385). 

Smalt or zaffre may be fused with sodium carbonate and sodium nitrite 
(page 510), or broken down by treatment with acids. The silica can be 
separated by evaporation of the hydrochloric acid solution (page 147), and 
the filtrate treated as described above for the separation of iron or by the 
basic acetate process (page 383). Nickel, cobalt, bismuth, iron, lead and 
arsenic, as well as silica, alumina, alkalies and alkaline earths, may be present. 
The matt blues rich in alumina are best fused with potassium bisulphate, or 
pyrosulphate. Zinc, phosphoric and arsenic oxides, as well as cobalt, nickel 
and silica, may here be jmisent. 

§ 2II. The Volumetric Determination of Cobalt and Nickel. 

The methods which have been suggested up to the present for the determina- 
tion of cobalt volumetrically are not satisfactory except under special conditions, 
and hence no volumetric method for cobalt ^ has won a place in general practice. 

^ R. Fresenius {Zeii. anal. 21, 229, 1882) says that 5 grms. of ammonium chloride 

suffice for 0-2 grm. of zinc oxide. 

* C. Winkler {Zeit. anal. Chem., 3, 420, 1864) titrates with potassium permanganate in 
the presence of mercuric oxide. H. B. Harris {Journ. Amer. Chem. iSac.y 20, 173, 1898) 
obtained fair results with hot dilute solutions, not with concentrated solutions. N. McCulloch 
{Chem. NewSf 59, 51, 1889) oxidises cobalt cyanide with potassium dichromate and titrates 
the excess of dichromate with Mohr’s salt. E. Fleischer {Journ. prakt. Chem.^ (2), no, 48, 
1870) precipitates the cobalt with alkali hypochlorite, adds an excess of Mohr’s salt, and 
titrates back with potassium permanganate. E. Donath {Ber., 12, 1868, 1879; Chem. News, 
41, 15, 1880) oxidises the cobalt by means of iodine in an alkaline solution, and distils the 
C02O3 with hydrochloric acid into a solution of potassium iodide, and titrates the liberated 
iodine with thiosulphate. M. A. von Reis and F. Wiggart {Zeit. angew. Chem., 3, 696, 1890) 
boil the cobaltous salt with zinc emulsion, add an excess of potassium permanganate, and 
titrate back with a solution of Mohr’s salt. C. Rossler, Liebig's Ann., 200, 323, 1880; E. 
Rupp and F. Pfennig, Chem. Ztg., 34, 322, 1910; G. S. Jamieson, Journ. Amer. Chem. 80 c., 
32, 757, 1910; A. Metzl, Zeit. anal. Chem., 53, 537, 1914; W. R. Schoeller and A. R. Powell, 
Analyst, 41, 124, 1916; W. D. Engle and R. G. Gustavson, Journ. Ind, Eng. Chem., 8, 901, 
1916; E. Mliller and H. Lauterbach, Zeit. anal. Chem., 62, 23, 1923; E. Miiller and W. 
Schluttig, Zeit. anorg. Chem., 134, 327, 1924; A. A. Vassiliev, Zeit. anal. Chem., 78, 439, 
1929; S. Glasstone and J. C. Speakman, Analyst, 55, 93, 1930; B. B. Evans, ib., 62, 368, 
1937. H. H. Willard and D. Hall (Journ. Amer. Chem. 80 c., 44, 2237, 1922) consider that, 
in genera], volumetric methods are the most accurate and satisfactory for the determination 
of cobalt. 
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Volumetric methods for nickel also fail in the presence of cobalt, although the 
cyanide process for nickel ^ is quite good when cobalt is absent, or only present 
in minute quantities, aiid when copper, silver, gold and metals of the platinum 
group are absent. 

Theory of the Cyanide Process ^ — The cyanide process, suggested by Moore 
and by Campbell and Andrews, depends on the fact that, if potassium cyanide 
be added to a feebly ammoniacal solution of a nickel salt, a double cyanide is 
formed — 

NiClg -f 4KCN = 2KC1 + Ni(CN)2 . 2KCN 

and if the solution contains a little silver iodide (or a mixture of silver nitrate 
and potassium iodide) the solution will remain turl)id until enough potassium 
cyanide has been added to transform all the nickel to the double cyanide. 
Further additions of potassium cyanide dissolve the silver iodide to a clear 
solution. Thus - 

Agl + 2KCN = AgCN.KCN + KI 

When the silver iodide is all dissolved, it will be obvious that the transformation 
of the nickel to the double cyanide is completed. Hence the potassium 
cyanide used in the. titration represents the amount of potassium cyanide used 
for the formation of the double cyanide, and for the dissolution of the silver 
iodide. Tf the amount of the potassium cyanide needed for the dissolution of 
the silver iodide be known, the amount needed for the transformation of the 
nickel can be found by subtraction. 

The Determination . — Add 2 c.c. of concentrated sulphuric acid to the 
solution under investigation. Neutralise the solution with ammonia.^ Add 
20 c.c. of 2N-NH3 to the neutral solution, and then 2 c.c. of a 2 per cent, solution 
of potassium iodide, and 5 c.c. of a solution of silver nitrate (5-79 grins, per 
litre). ^ The solution will now be turbid owing to the presence of silver iodide. 
Titrate ^ the cold solution with a standard solution of potassium cyanide ® until 

^ T. Moore, Chem. Neirs, 59 , 100, 292, 1889; 72 , 92, 1895; H. Brearley and H. Jervis, 
» 6 ., 78 , 177, 190, 1898; E. J>. (^ainplKdl and W. H. Andrew.s, Jtmm. Amer. Ohvm. Soc.y 
17 , 125, 1895; E. 1). Campbell and W. .Arthur, 16 ., 30 , 1110, 1908; Chem. NeM\% 98 , 38, 
1908; G. W. Sargent, Journ. Amer. Chem. 21 , 854, 1899; C. M. Johnson, ib., 29 , 
1201, 1907; H, Grossraann, Chem. Zty.^ 32 , 122.3, 1908; H. Grossmann and B. Schiick, Zeit. 
anal. Chem., 47 , 109, 1908; G. Raulin, Monit. Scienl., 74 , 84, 1911; E. P. Later, Foundry, 
41 , 243, 1913; E. F. Kern and M. H. Morris, ScJimd Mines Quart., 35 , 1 , 1914; G. L. Kelley 
and J. B. Connant, Journ. hid, Eng. Chem., 8 , 804, 1910; G. H. Stanley, Journ. S. Afrimn 
Assoc. Arwl. Chem., 4 , 10, 1921; A. and IL Edcr, Chem. Zfg., 46 , 1085, 1922; E. Muller and 
H. Lauterbach, Zeit. anal. Chem., 61 , 457, 1922; E. Miillcr and W. Schluttig, Zeit. anorg. 
Chem., 134 , 327, 1924; L. A. Congdon andC. H. Beige, Chem. Netvs, 128 , 67, 1924; T. Heezko, 
Zeit. anal. Chem., 78 , 325, 1929; S. Glasstone and J. 0. Speakman, Analyst, 55 , 93, 1930; 
E. Rupp and F. Pfennig, Chem. Ztg., 34 , 322, 1910; W. R. Sehoeller and A. R. Powell, Journ. 
Inm Steel Inst., 97 , 441, 1918; R. I). Midson, Chem. Eng. Min. Rev., 29 , 196, 1937. 

* The ammonium sulphate so formed makes the indicator more sensitive. If barium, or 
elements which form insoluble sulphates, be present, use nitrates or chlorides, not sulphates. 

® Since 1 grm. of silver nitrate corresponds with 0*706 grm. of potassium cyanide, 1 c.c. 
of the silver nitrate, containing the equivalent of 0*008 grm. of silver iodide, will require 
0*00444 grm. of potassium cyanide, or 0*344 c.c. of the solution of potassium cyanide described 
below. The silver nitrate should be standardised by a blank experiment without nickel. 
Find how many cubic centimetres of the standard solution of potassium cyanide are required 
to dissolve the silver iodide corresponding with 1 c.c. of silver nitrate solution. Do not trust 
to the calculation. 

* In some coses, e.g. in the presence of manganese, if the titration be left partly com- 
pleted, a precipitate may separate. This interferes with the result later on. Hence the 
titration should bo completed without delay. The ammonium sulphate retards the formation 
of the procipiiato. 

® Stastdard Potassium CyANiDE.—Make 12*9 grms. of potassium cyanide and 5 grms. 
of potassium hydroxide up to a litre. The potassium hydroxide makes the solution more 



432 A TREATISE ON CHEMICAL ANALYSIS, 

the solution is clear, showing that the silver iodide is dissolved. A black 
background is best for the titration. Add more silver nitrate solution, say 
3 C.C., so that the turbidity again reappe^ars. Again titrate with the potassium 
cyanide dro]) by drop until the last drop clears up the opalescence. The 
temperature of the solution should not exceed 20^, or disturbing side reactions 
may set in. 

Example. — Suppose it be found that 31 e.e. of the potassium cyanide solution are 
needed for the whole titration, and that 1 e.c. c»f the pf)ta8sium cyanide solution re- 
presents 0 0037 grm. NiO. Suppose 3 of silver nitrate are added to reproduce the 
turbidity th(^ second time, and that 1 c.c. of the silver nitrate solution represents J c.c. 
of the potassium cyanide solution. In all, 5 -f3 — 8 c.(^. of silver nitrate has been added, 
and tliis corresponds with J x8 — 2-7 c.c. of the potassium cyanide. Hence the nickel 
corresponds with 31 less 2-7— 28-3 c.c. of potassium cyanide, or 28-3 x 00037, i.e. 0105 
grm. of NiO in the giv'en solution. 

Influence of Foreign Substances } — Free alkalies, alkaline earths, alkali 
carbonates, chlorides, bromides, phosphates, have no marked effect. If not 
present in excevssive amounts, chromates, manganese, arsenic, bismuth, 
molybdenum, tin, lead and uranium likewise have no marked effect. With 
manganese the indication is not quite so sharp or delicate. The manganese 
may be prevented from precipitating during the titration by the addition of 
ammonium chloride. For lead, use ammonium nitrate instead of sulphate, as 
indicated on page 347. If arsenic and antimony be ])resent, use a little 
tartaric acid. Arsenic and tin should be oxidised with a little nitric acid and 
bromine water, and the excess boiled off*. 

The results wdth iron, aluminium, chromiu?n and zinc arc low. This is due 
to the precipitate carrying down some nickel. If, therefore, these elements 
can be kept in solution, the titration is sativsfactory. The chromium should be 
oxidised to chromate. Moore and GeTband ^ recommend the use of sodium 
pyrophosi)hate for keeping the zinc, iron and aluminium in solution; while 
Brearley and Ibbotson recommend tartaric or citric acid to minimise the 
chances of error. Brearley and Ibbotson accordingly adopt the following 
procedure when iron and manganese have not been separated: — Add 3 grms. 
of citric acid and 2 grms. of ammonium sulphate per gram of sample. Add 
enough ammonia to make the solution feebly but distinctly alkaline. Add 
2 c.c. of a 2 per cent, solution of potassium iodide, and silver nitrate until the 
turbidity is apparent. Titrate with potassium cyanide until the turbidity 
disappears. The alkaline citrate solution, containing iron in solution, is dark- 
coloured, and the changes are not easy to distinguish. Hence a strong beam 
of light should be sent across the solution. Fig. 99 shows Lupp’s arrangement, 
useful for titrations which require strong illumination to distinguish the end 
point. The light is focussed in the body of the liquid from a reflecting mirror.^ 

If chromium be present, the turbidity disappears before the formation of 


stable. The cyanide can be standardised by dissolving 0-08 grm, of nickel in sulphuric acid, 
or 0*5384 grm. of nickel ammonium sulphate in water, and proceeding with the solution as 
described above. The cyanide should be freed from sulphur. This is sometimes effected by 
agitating the solution with lead monoxide or bismuth oxide. 

^ H. Brearley and F. Ibbotson, The Analysis of Steel Works Materials , London, 139, 183, 
1902; C. M. Johnson, Journ. Amer, Chem. Soc., 29, 1201, 1907. 

2 H. Brearley, Chem. News, 74, 16, 1896; G. T. llougherty, Iron Age, 79, 1274, 1907. 

* T. Moore, Chem. News, 59, 292, 1889; 72, 92, 1895; I. Gel’ band, Zavadskaya Lab., 3, 
129, 1934. 

* A. Lupp, Zeit. artal. Chem., 34, 182, 1895. Compare W. C. Tobie, Ind. Eng. Chem, 
News Ed., 15, 648, 1937 ; D. B. Pall, Canadian Journ. Research, Z4B, 299, 1936. 
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the double nickel potassium cyanide is completed, but it soon returns. The 
phenomena of app(‘arance and disappearance of the turbidity recur a number 
of times, and it is difficult to decide just when the reaction is at an end. Hence 
Johnson ^ prefers to use 12 grins, of citric acid instead of 3 grins. Johnson's 
plan then enables him to say that the 
titration can be accomplished “at almost 
the full speed of the burette." 

If zinc be present, proceed as for iron and 
aluminium, but make the solution alkaline 
with sodium carbonate instead of ammonia. 

Copper should be removed by the thio- 
cyanate process (page 365 ) ; then acidify the 
solution with nitric acid and proceed as 
described above. If the amount of the 
other interfering elements, ejj. cobalt, silver, 
gold, be known, an allowance can be made; 
otherwise, the result of the titration gives 
nickel plus cobalt, silver, gold and platinum, 
if these be present. (Jobalt darkens the 
solution, owing to the oxidation of the 
cobaltocyanide to cobalticyanide. If the 
amount of cobalt be less than 10 per cent, 
of the total nickel, the sum Ni + Co can be determined by the titration, and 
the cobalt determined separately. Or the nickel can be precipitated with 
dicyano-diarnide or dimethylglyoxime, dissolved in warm dilute hydrochloric 
acid and the ainmoniacal solution titrated as described above. ^ 


^ 0. M. Johnson, Rapid Mdhods for the Chemical Amilysii< of tSpeidat Steel% New York, 105, 
1909. 

* For alternative volumetric methods, see K. Meurice, Ann. Chim. anat., 18 , 342, 1913; 
G. Zuccari, Ann. Chim. nppl.^ 3, 277, 1915; J. Holhita, Manats., 40, 281, 1919; G. Spacu 
and K. itipan, Rut. Roc. Sfiinte Cluj., i, 32 ii, 1922; P. Finch, anal. Chem., 69, 232, 1926; 
h. A. SarvfT, Imf. ('hem. Aytal. Ed., 5, 275, 1933; J. T. Dobbins and J. P. Sanders, 76 ., 
6 , 459, 1934; N. S. Krupenio, Zaiujdskaya Lab., 6, 239, 1937. 
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CHAPTER XXX. 


THE DETERMINATION OF MOLYBDENUM, TUNGSTEN, 
COLUMBIUM AND TANTALUM. 

§ 212. Molybdenum, Tungsten, Columbium and Tantalum in 
Silicate Analyses.^ 

The ‘^opening up” of minerals containing tungsten, molybdenum, columbium 
and tantalum ^ follows the lines indicated in different parts of this work (pages 
130 and 264). First acids — single or mixed ® — are tried. If these be impotent, 
fluxes -sodium peroxide,^ potassium bisulj)hate or pyrosulphate ^ — are tried. 
Potassium hydroxide (or carbonate) is recommended as a general flux for the 
minerals containing the elements discussed in this chapter. The reason will 
appear later. 

The oxides of these elements form soluble salts when fused with an excess of 
potassium carbonate or hydroxide. When the aqueous solution is treated with 
a slight excess of hydrochloric arid, a certain amount of the oxides separates 
and, if more acid be present, the soluble salts are decomposed and the separation 
of the. oxide is often practically complete. Tungsten should be separated before 
proceeding to the ammonia and ammonium sulphide groups.® 

In silicate analyses, therefore, the oxides of these elements may be found 
with the silica when the acid solution is evaporated to dryness.'^ If tungsten be 
the only member of this series present, the problem resolves into the separation 
of silica from tungsten oxide. Some molybdenum, if present, will separate 
with the silica as silicomolybdate. Columbium, tantalum, antimony,® tin,® 
arsenic and phosphorus, if prcvsent, may also be associated with the silica. 
Columbium, by the way, is often called niobium and symbolised Nb. 

In dealing with complex mixtures of this type, it is generally best to extract 
the sodium or potassium carbonate fusion with water. The aqueous solution 
may contain one or more of the following: alkali tungstate, molybdate, 

* For the methods available for the determination of molybdenum, see J. P. Bonardi, 
U.S. Bur. Mines Bull.y 212, iii, 71, 1923; for tungstfui, C. W. Davis, i6., 212, iv, 131, 1923. 
A. C. Rice and L. A. Yerkes, U.S. Bur. Mines Rep. Invest., 3328, 37, 1937. 

* For tantalum in clays, see A. Terreil, Ctmipt. rend., 51, 94, 1860. 

® For hydrochloric atjid and aqua regia, see H. Bartonec, Oestr. Chem. Ztg., 12 , 114, 1909. 
H. W. Hutchin and F. J. Fouks {Tram. InM. Min. Met., 18, 425, 1909) recommend boiling 
alkali hydroxide (25 per cent, solution). 

* E.g. W. Hempel {Zeit. anorg. Chem., 3, 193, 1895) decomposed wolframite in a few 
minutes by heating with four times its weight of sodium peroxide. 

® E.g. li. Cremer, Eng. Min. Joum., 59, 345, 1895. 

® W. F. Faggart and E. F. Smith {Journ. Amer. Chem. 80 c., 18, 1051, 1896) show that 
if manganese sulphide be precipitated by ammonium sulphide in the presence of tungstic 
acid, some of the latter will contaminate the former. 

’ Molybdic oxide is soluble in an excess of acid. ® Antimony oxychloride. 

* Stannous chloride gives a yellow precipitate with alkali tungstates and stannic tungstate 
is white. 

Tin or tungsten arsenate. Tin or tungsten phosphate; and phosphomolybdates. 
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staniiate, sulphate, aluminate, chloride, fluoride, arsenate, phosphate, anti- 
nionate, chromate, vanadate, columbate, tantalate and silicate, provided certain 
combinations which form insoluble precipitates are absent. The residue may 
contain alkali zirconate, ferric oxide, calcium, barium and strontium carbonates. 
The treatment for the separation of the different combinations reve^iled by a 
qualitative analysis may bo based on the processes indicated in this work. 

§ 213. The Detection of Tungsten, Tantalum, Molybdenum 
and Columbium. 

Fuse, say, half a gram ^ of the finely powdered mineral with six times its 
weight of potassium hydroxide in a silver or nickel crucible. Extract the cold 
mass with hot water. Treat the filtered solution with 25 c.c. of hydrochloric 
acid (sp. gr. ITfi). Boil the. solution and filttir. The residue may contain 
columbium, tantalum, tin, tungsten, silica, molybdenum and antimony. 
Digest the moist residue with yellow ammonium sulphide. Molybdenum, 
tin, tungsten and antimony dissolve; silica, columbium and tantalum remain. 

The ammoniacal sulphide solution containing molybdenum, tin, tungsten 
and antimony is acidified with hydrochloric acid and boiled ; digest the washed 
precipitate with a little hydrochloric acid and a little nitric acid; filter and 
wash. The residue contains sul])liur and tungsten, if present. Treat the 
solution wdth a few^ pieces of metallic zinc. Antimony and tin ^ are precipitated, 
molybdenum and zinc remain in solution. If the solution is blue, molybdenum 
is probably present. 

Evaporate the solution along with a little nitric acid to 
dryness. Dissolve the residue in ammonia. (1) Pour a portion of the solution 
into moderately concentrated hydrochloric acid, add a few drops of a solution 
of potassium thiocyanate; if no red colour devedops, iron is absent. Place a 
little metallic zinc in the acid solution; the development of a carmine-red 
colour indicates the presence of molybdenum.® (2) Another portion of the 
solution is heated wdth a few drops of sulphuric acid on the lid of a platinum 
crucible until it begins to fume. When cold, an ultramarine blue colour will 
develop when the acid is brought in contact with a little alcohol, if molybdenum 
be present.^ 

(3) Per molybdate test , — Evaporate the solution to be tested to dryness on a 

^ More than this is sometimes required, say, o grms., but only if small quantiticis of these 
elements are present — P. Xieolardot, Compt. rev^., 144 , 859, 1907. 

* Note, if arsenic and antimony be pre.sent, poisonous hydrides may be evolved. For the 
recognition of tin and antimony, see any of the text-books on (jualitative analysis. 

* C. I). Braun, Zeit. anal. Cheni., 2 , 36, 1863; P. E. Browning, A?ner. Jovrn. ScL, (4), 
40 , 349 , 1915; J. Moir, JoMm. Chem. Md. Min. Hoc.. 8. Afrim, 16 , 191, 1916; G. A. Barbieri, 
Atti It Accad. Lincei, (5), 28 , (i), 351, 390, 1919; N, A. Tananaev and G. A, Pantschenko, 
Ukrainp. Chem. Jonrn., 4 , 121, 1929. The blood-red tint with ferric salts is destroyed by the 
addition of phosphoric acid. This is not the case with molybdenum — R. Fresenius, Qualitative 
Chemical AnalymSf London, 185, 1897; F. C. Krauskopf and 0. E. Swartz, Joum. Amer. 
Chem. Soc.., 48 . 3021, 1926. The colour is feeble if the zinc and acid act for too long a time. 
E. Kedesdy (Mitt, kdnigl. Materialpruf., 31 , 173, 1913) adds the thiocyanate after the reduc- 
tion and extracts with ether, distilled over stannous chloride to remove peroxides. For the 
potassium iodide -mercurous nitrate test for molybdenum, sck) E. Kafka, ZeM. anal, Ch^em., 
51 , 482, 1912; M. K. Pozzi-Escot, Bull. Sac. chim., (4), 13 , 402, 1042, 1913. 

* In the event of antimony or tin being present with the molybdenum, the mixture should 
be evaporated to dryness with phosphoric acid before it is treated with the sulphuric a<ud — 
K. Fresenius, Qualitaiive Chemical Analysis., I^ondon, 185, 1897. For the sulphuric aci<i test, 
see H. Bchonn, Zeit, anal, Chem,, 8, 379, 1869; O. Maschke, ib,, X2, 383, 1873; Arch, Pharm,, 
(3), 6, 125, 1874; F. von Kobell, Zeit. anal. Chem., 14 , 317, 1875; Charakteristikder Mineralien, 
Nuremberg, 109, 1831; Orundziige der Mineralogie, Nuremberg, 284, 1838; P. Truohot, 
Ann. Chim. anal., 10 , 254, 1905. 
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water bath and treat the cold, dry residue with concentrated ammonia solution 
until the reaction is strongly alkaline; add 3-4 per cent, hydrogen peroxide 
solution. If molybdic acid is present, a pale rose to cherry red coloration of 
ammonium permolybdate is obtained, depending on the amount of molybdic 
acid present. The test is exceedingly delicate, being sensitive to 0*006 mgrm. 
of molybdenum.^ 

(4) Xanthic acid test,— Add a trace of solid potassium xanthate to the 
solution to be tested and then acidify with a mineral acid. Molybdenum is 
indicated by the appearanc.e of a red colour, the intensity of which varies as the 
amount of molybdenum present. The test is said to show the presence of 
0*00064 mgrm. of molybdenum per c.c.^ 

Tungsten, ~-{l) The residue of tungsten and Hul])hur indicated above, or 
tungstic oxide itself, gives a blue solution when digested with a little zinc in the 
presence of hydrochloric or sulphuric acid. The test is made more sensitive by 
using the substance to be tested in a solid form. For example, the dry solid is 
moistened with a drop of hydrochloric acid and then rubbed wnth a piece of 
iron or aluminium - strong oxidising agents, e.g, chromates, chlorates, nitrates, 
must be absent. The production of the blue coloration is not j)revented by 
carbonaceous matter, metallic oxides, sulphur or calcium fluoride.^ (2) 
Stannous chloride gives a 5^ellow precipitate with a soluble tungstate if the 
solution be acidified with hydrochloric acid and boiled, a blue colour is formed. 
(3) Defa<;qz's test,^ Heat a mixture of the oxide with four or five times its 
weight of potassium bisulphate and a few drops of sulphuric acid in a platinum 
capsule. Add enough sulphuric acid to prevent the mixture solidifying w’^hen 
it cools. On cooling, add a drop of this solution to a trace of phenol ; if tungsten 
be present, an intense red colour is developed ; if hydroquinone be used in place 
of phenol, an amethyst-violet coloration is formed with concentrated solutions, 
and a rose colour with dilute solutions.® Titanium and vanadium interfere 
with the test. 

Columhitm and Tantalum , — Digest the insoluble residue,’^ indicated above, 


^ 1*. G. Melikoff, Jnurn. Russ. Phys. Chern, Soc., 44 , 608, J012; A. Komarowsky, Chem. 
Ztg.f 37 , 957, 1913. For the detection of molybdenum in coal ash, see A. Jorissen, Bull, 
Soc, chim. Belg.^ 21, 1913. 

* M. Siewert, Ze.it, ge.s. Nnturw,, 23 , 5, 1864; J. Koppel, Chem. Ztg,, 43 , 777, 1919; 
S. L. Malowan, Zeit. anorg. Ch^m., 108 , 73, 1919. 

® G. Torossian, Amer. Jourtt. ScAenee, (4), 38 , 537, 1914; M. L. Hartmann, Pahasapa 
Quart. f S. Dakota School of Mines^ 5 , 23, 1916. 

* Fuse the residual oxide with an exc^ess of sodium carbonate, and take the mass up with 

water to get a soluble sodium tungstate — M. L. Hartmann, Erig. World, 43 , 1021, 

1915; Chem. News, 114 , 27, 45, 1916; R. F. Heath, Ch4?m, Trade Journ., 66 , 629, 1920; 
F. Fcigl and P. Kruraholz, Angew. Chem., 45 , 674, 1932. 

® E. Defa^qz {Compt. rend., 123 , 308, 1896; Chem. News, 74 , 88 , 1896) claims that this 
reaction will indicate the presence of between 0*0000025 and 0*000002 grm. of tungsten, where- 
as the blue colour developed by zinc and hydrochloric acid will only detect 0*001 grm. J. Moir, 
Joum. Chern. Met. Min, Soc. S. Africa, 16 , 191, 1916. 

® G. Heyne, Zeit. angew. Chem., 44 , 237, 1931. For quinine and strychnine, see F. 
Scheibler, J ourn . prakt. Chem., { 1 ), 80 , 204, 1 860. For hydrazine, py rogallol and pyrocatechol, 
see J. Moir, Joum. Chem, Met. Min. Soc. S. Africa, 16 , 191, 1916. For the detection of 
tungsten by alkali thiocyanates and stannous chloride, see N. A. Tananaev and G. A. 
Pantchenko, Journ, Russ. Phys. Chem, S<x^., 61 , 1051, 1929. See also J. A. M. van Liempt, 
Zeit. arwrg, Chem., 122 , 236, 1922. For the colorimetric determination of tungsten, see 
A. Travers, Compt, rend., 166 , 146, 1918; H. F. Heath, Chem, g'rade Journ., 66 , 629, 1920; 
A. Petrovskii, Zeit, ami. Chew., 77 , 268, 1929; Joum, Chem, Jnd. {Moscow), 7 , 905, 1930; 
F. Feigl and P. Krumholz, Angew, Chern,, 45 , 674, 1932; S. Fernjan^jic;, Zeit. anai, Chem., 97 , 
332, 1934. 

^ Antimony can be detected in the residue by fusion with potassium cyanide. Wash. 
Digest the insoluble matter with hydrochloric acid and a crystal of potassium chlorate. The 
antimony passes into solution. The washed residue is treated as described in the text. 
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in a platinum capsule with hydrofluoric acid in slight excess; add a saturated 
solution of potassium fluoride. Evaporate the solution to a very small volume. 
Let the solution cool slowly. If acicular rhombic crystals of potassium 
heptafluotantalate (fig. 100) separate, tantalum is present; if monoclinic 
plates of potassium oxypentafluocolumbate separate (fig. 101), columbium is 
also present. A good hand lens is a convenient means of 
recognising the crystals if they are small. It must be added 
that isomorphous potassium fluotantalate, KgTaF^, and 
potassium fluocolumbate, KgCbF^, separate from concentrated 
solutions of hydrofluoric acid,^ but if an excess of hydrofluoric 
acid be not present, the solution containing columbium alone 
furnishes the plates of oxypentafluocolum})ate, KgCbOF^.HgO. 
By boiling dilute aqueous solutions of both salts hydrolysis 
occurs and tantalum and columbium oxyfluorides are formed. 
The latter is much more soluble than the former, so that 
the appearance of a turbidity when dilute aqueous solutions 
of the two salts are boiled enables small traces of tantalum to 
})e detected in the presence of columbium. 

Pick out a few^ of the acicular crystals and heat them on 
the lid of a platinum crucible with diluted sulphuric acid 
(sp. gr. 1-29) until the acid fumes strongly, so as to drive 
off the hydrofluoric acid. Treat the cold mass with an 
excess of water in a small glass capsule and boil the solution 
so as to precipitate the tantalic oxide. The precipitate 
dissolves in an ex(*>ess of hydrochloric acid, giving an 
opalescent solution. Metallic zinc along with hydro- 
chloric acid does not colour the solution; tannic acid 
with a drop of the solution gives a light yellow pre- 
cipitate if tantalum be present.^ If a few of the 
crystals of either potassium heptafluocoluin])ate 
potassium oxypentafluocolumbate be treated in a 
similar way, and the precipitate dissolved in sulphuric 
acid, metallic zinc will give a blue coloration^; and tannic acid, an orange- 
red coloration.^ 

Sckoeller and PowelVs Method . — This test® is applicable only in the absence 
of titanium, but a little zirconium does not interfere. Fuse (M)5 to 0*2 grm. 
of the sample with potassium pyrosulphate in a silica crucible. Dissolve the 
cold melt in 50 c.c. of a concentrated boiling solution of ammonium oxalate 
and test a few c.c. of the solution for titanium with hydrogen peroxide. If 
titanium is absent, boil the remainder of the solution with 0*2 to 0-3 grm. of 
tannin and then add 0-5N-ammonia, drop by drop, until a flocculent precipitate 
is formed. If this precipitate is pale to bright yellow, tantalum alone is present ; 


Fig. ]00. — Potas- 
sium Heptafluo- 
tantalate — 

K^TaF,, 



Fig. JOl. — Potassium 
Oxypentafluocolumbate 
K^CbOF^.H^O. 


^ The form of the crystals is also modifled by the nature of the mother liquid and the 
temperature of crystallisation—C. Marignac, Arch. Gmeve, 23 , 249, 1865; ib., 

26 , 89, 1866; QSuvres Completes, Geneve, 2 , 258, 334, 1894. 

® Tungstic oxide under similar conditions gives a brown precipitate with tannic acid. 

® See above for a blue coloration with tungstic acid under similar conditions. 

* Molybdic acid gives an orange-red coloration with tannic acid — M. E. Pozzi-Escot, 
Compt, rend., 138 , 200, 1904; vanadic acid, a blue coloration— C. Matignon, ib., 138 , 82, 
1904. Concentrated sulphuric acid solutions of columbic acid give characteristic colours 
with certain phenols, while tantalic acid gives only yellow colours — J, Moir, Jemm, Ohem. 
Met. Min. 80c. 8. Africa, 16, 189, 1916. 

® A. R. Powell and W. R. Schoeller, AncUy^, 50 , 494, 1925, 
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if it is orange to red, columbium is present ^ and tantalum is either absent or 
present in subordinate amounts. In the latter case, to ascertain the absence 
or presence of tantalum the precipitate is filtered off, washed, rinsed back and 
boiled with 25 c.c. of the ammonium oxalate solution. Redissolve the pre- 
cipitate in l*ON-sulphuric acid, to the clear solution add 0*1 to 0-2 grm. of 
tannin, boil and add 0*5N-ammonia, drop by drop, until a flocculent precipitate 
again forms. A pure yellow colour shows the presence of tantalum, but if only 
traces of this element are present the red colour of the colurnbium-tannin 
complex will obscure it. Hence the precipitate must again be filtered ofi* and 
the procedure repeated until such time as the yellow tantalum colour is obtained 
or the absence of this element is confirmed. 

§ 214. The Determination of Tungsten as Tungsten Trioxide. 

If the substance under investigation can be decomposed by an acid,^ 
tungsten trioxide — WOg -will remain as an insoluble yellow j)owder. Repeated 
evaf)oration of a soluble tungstate (say, three times) with nitric acid or hydro- 
chloric acid, washing and baking at 110° to 120° will render the tungstic oxide 
insoluble in acids. The dry mass is moistened with concentrated nitric acid, 
and after a 15 minutes’ digestion add, say, 20 c.c. of a hot 5 ])er cent, solution 
of ammonium nitrate. Filter.^ Wash with the 5 per cent, ammonium nitrate 
solution acidified with a few drops of concentrated nitric acid until all the alkali 
is removed. Dry. The filter-paper must be ignited separately to avoid 
reduction; hence, transfer the powder to a watch-glass and ignite the filter- 
paper in a weighed porcelain crucible, then transfer the powder carefully from 
the watch-glass to the crucible and ignite until the greenish tinge passes to a 
clear yellow. If the green colour persists, add a couple of drops of concentrated 
nitric acid and repeat the ignition.^ Weigh the ignited mass as tungstic 
oxide — WO3, 

Unlike the corresponding molybdenum oxide, this oxide can be calcined at 
the highest temperature of a Bunsen burner without fear of appreciable loss 
by volatilisation. If the ignition be conducted over a blast, a 20 minutes’ 


^ The reduction of columbium pentoxide, CbjO^, to a strongly coloured lower oxide can 
1)0 used to detect traces of columbium in the presence of tantalum. — W. B. Giles, Chem. 
Neu',% 95 , J, in07; E. Meimbcrg, Zeit. angew. Che.m.y 26 , 83, 1913; O. RulT and F. Thomas, 
Zeit, ajiorg. Chem., 156 , 213, 1920; I. Wada and 8 . Kato, Sd. Papira Inst. Phys. Chem. 
Research (Tokyo), 6 , 227, 1927; 3. Moir, Journ. Chem. Met. Min. Soc. S. Africa, 16 , 189, 
1910. 

* C. W. Scheele, 1781 — Opuscula Chemicu et Physmi, Lipsite, 2 , 119, 1789 — used nitric or 
hydrochloric acid; F. Marguerite (Ann. Chim. Phys., (3), 17 , 475, 1846), dilute sulphuric 
acid. C. Scheibler, Journ. prakt. Chem,, ( 1 ), 83 , 273, 1861 ; Che.m. News, 6 , 182, 1862; 
R. Hermann, Ze.it. anal. Chem., 51 , 736, 1912; R. Fiebt^r, Ch^.m. Ztg., 36 , 334, 1912; 8 . Zin- 
berg, Zeit. an^t. Chem,, 52 , 529, 1913; H. Arnold, Zeit. anorg. Chem., 88 , 74, 1914; M. L. 
Hartmann, Chem. News, 114 , 27, 45, 1916; L. Lowy, Zeit. amjew. Chem., 32 , 379, 1919; 
F. W. Foote and R. S. Ransom, Kng, Min. Journ., 105 , 836, 1918; H. Corti, AwtJ. Sor. Quim. 
Argentina, 5 , 308, 1917; I. Koppel, Chem. Ztg., 48 , 801, 1924; J. A. M. van Liempt, Zeit. 
anorg. Chem., 127 , 216, 1923; Eee. Trav. chim., 43 , 30, 1924; E. Cremer and B. Fetkenheuer, 

Veroff. Siemens-Konz., 5 , 199, 1927; 1. Kassler, Zeit. a^ml. Chem., 76 , 113, 1929; 
H. Mende, Chem. Ztg., 53 , 178, 1929; W. Briiggemann, ib., 53 , 927, 947, 1929; K. Swoboda 
and R. Homy, Zeit. anal. Chem., 80 , 271, 1930; N. 8 . Singalovskii and P. M. Porchunov, 
Medhie Metal, 2 , 35, 1933; Chem. ZeMr., ( 1 ), 424, 1934. See 3. W. Mallet (Journ. Chem. 
80 c., 28 , 1228, 1876; Chem. News, 31 , 276, 1875) for the solubility of tungstic acid w'hen an 
excess of concentrated hydrochloric acid is added to an alkali tungstate. 

* A Gooch crucible can be used if the precipitate is not to be subjected to further 
treatment. 

* If the alkalies have not all been removed in the washing, the green tinge cannot be 
always removed by this treatment. 
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ignition is said to have caused a loss of up to 7 per cent. Thus, tungstic oxide 
weighing 0’3(X)7 grin, was reduced after 20 minutes’ blasting to 0*2872 grm.^ 

§ 215. The Gravimetric Determination of Tungsten - 
Berzelius’ Process. 

A concentrated alkaline solution of the tungstate is neutralised with nitric 
acid and a few drops of nitric acid in excess are added. The solution is there- 
fore feebly acid. Add an excess of mercurous nitrate ^ solution. Agitate the 
solution. Then add ammonia, drop by drop, with constant stirring,^ until a 
brown precipitate se[)arates. Heat the solution to boiling. Let the pre- 
cipitate settle. Filter and wash with water containing 2 })er cent, of mercurous 
nitrate. Dry, ignite and weigh the residual tungstic oxide as WOg.^ 

§ 216. The Separation of Tungsten and Silica. 

The separation of tungstic oxide and silica ])resents some difficulties 
because, if an excess of tungstic oxide be present, a complex, Bi 02 . 12 W 0 .j, 
will be produced.® The presence of mineral acids ])re vents the formation of 

^ H. L. Wells and F. J. Metzger, Journ. Amer. Cfwm. Sor.^ 23 , JUOl. 

® MEBcraocs Nitrate Soli tion. — Digest 6 ()grms. of j>ure nierciirv with 25 e.c. of nitric 
acid (sp. gr. 1-4) and 75 e.c. of water on a water hath for about 1| hours. Ixd the mixture 
stand overnight. Dilute the solution to 4 (M) e.e. (0*75E). The addition of about 20 e.c. 
usually suffices for the precipitation. The solution shouhi give no n^sidue when ev^aporated 
to dryness and the mercurous nitrate volatilised. 

* Some prefer to add the mercurou.s nitrate solution directly to the alkaline solution. O. F. 
von Pfordten {Liebig's Ann.^ 222 , 152, 1883; Chew. News, 50 , 18, 1884; Zeit. anal. Chern.^ 
24 , 92, 1885) says the mercurous nitrate may be added to the neutral solution if it is free 
from carbon dioxide. 

* J. J. Berzelius, Schweigger' s Journ., i 6 , 476, 1816; W. W. Hutcliin, Amilysl, 36 , 398, 

1911; E. Bagley and H. Brearley, Chem. 82 , 270, 19(X); L. Desvergiies, A^in. Chim. 

anal., 9 , 321, 1904; W. Gibbs, Arner. Chem. Journ., i, 219, 1879; C. do Marignac, Ann. 
Chim. Phys., (3), 69 , 84, 1863; M, Wunder and A. Schapira, Ann. Chim. anal,, 18 , 257, 1913; 
E. Dittler and A. von Graffenreid, Chem. Ztg., 40 , 681, 1916; V. J. Spitzin, Journ. Russ. 
Phys. Chem. Soc., 60 , 1229, 1928; Zeit. anal. Chem., 75 , 443, 1928; O. K. Sweeney, Journ. 
Amer. Chem. Soc., 38 , 2377, 1916; H. W. Hutchin and F. .J. Fouks, Jnsf. Mm. Met., 18 , 
425, 1909. Instead of mercurous nitrate, lead acetate is sometimes used — e.g. T. M. Chatard, 
Amer. J. Science, (3), i, 416, 1871; Chem. News, 24 , 175, 1871; F. A. Bernoulli, Pogg, Ann., 
Ill, 573, 1860; Chem.. News, 5 , 116, 1862; H. Brearley, ib., 79 , 64, 1899; F. Ibbotson 
and H. Brearley, ib., 80 , 293, 1899; E. Zettnor, ib., 16, 12, 1867; J. S. de Benneville, Journ. 
Amer. Chem. Soc., 19 , 377, 1897. Organic precipitating agents have l)ecn recommended, 
e.g. quinine acetate or sulphate (3. I^efort., Journ. Phxmn. Chim., (3), 4 , 221, 326, 1881 ; Chem. 
News, 45 , 67, 1882; A. Jflek and J. Lukas, Coll. Czech. Chem. Comm., i, 263, 1929; Chem. 
Listy, 24 , 73, 1930); cinchonine (H. Crerner, Eng. Min. Jiturn., 59 , 345, 1895; H. Lavers, 
Proc. Austral. Inst. Min. Mel., 101, 1921; H. Yagoda and H. A. Fales, Journ. Amer. Chem. 
Soc., 58 , 1494, 1936); tannin (W. R. SchoeUer and C. Jahn, Analyst, 52 , 504, 1927; L. Moser 
and Blaustein, Manats., 52 , 350 , 1929); benzidine (G. von Knorre, Ber., 38 , 783, 1905; 
Zeit. anal. Chem., 47 , 37, 1908; Stahl Eisen, 28 , 984, 1908; V. K. Kantschev, Journ, Russ. 
Phys. Chem. Soc., 46 , 729, 1914; B. G. Mokeev, Uchenuie Zapiski Kazan Oosudarst Vniv., 
90 , 1022, 1932; H. Wdowiszewski, Chem. Zty., 34 , 1365, 1910; F. W. Hinrichsen, Mitt, 
Konig. Materialpriif. Gross. Lichter. Wes*,, 25 , 308, 1907; L. Moser and K. Schmidt, 
Monats., 47 , 313, 1926) — also used for the separation of tungsten from phosphoric acid; 
a-naphthylamine (M. Tschilikin, Ber., 42 , 1302, 1909). E. Kafka {Zeit. anal. Chem., 52 , 
601, 1913) uses i^-cumidina, tetramethyldiaminobenzophenone or tetramethyldiamino- 
diphenylmethane; A. Gutbier and G. L. Weise {ib., 53 , 426, 1914), '‘nitron,” otherwise 
diphenylendoanilodihydrotriazole; and G. Dotreppc {Hull. Soc. chim. Belg., 38 , 385, 1929), 
phenylhydrazine hydrochloride. B. Mdivani {Bull. Soc. chim., (4), 9 , 122, 1911; E. E. 
Marbaker, Journ, Amer. Chem. S<k., 37 , 86 , 1915) precipitates W 2 O 5 by adding a solution 
of stannous chloride to a soluble tungstate. 

* H. Hermann, Zeit. anal Chem., 52 , 657, 1913; L. Guglialmelli and U. Hordh, Anal. 
Soc. Quim. Argentina, 5 , 81, 1917. 
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this substance but, once formed, it is exceedingly difficult to resolve into silica 
and tungstic oxide. 

Hydrofluoric. Acid Process, — This is best effected by the volatilisation of the 
silica — in the usual way — by treatment of the mixture with sulphuric and 
hydrofluoric acids ^ (page 149). Prolonged ignition is not always sufficient to 
drive off the last traces of sulphuric acid. In that case, a ])iece of pure solid 
ammonium carbonate in the crucible will remove the acid in question. ^ Wells 
and Metzger ^ have shown that Herting’s assertion ^ that some tungstic oxide is 
volatilised by this treatment is unfounded. The mixture, however, should not 
be blasted, for the reason indicated above. 

Ammonia Process, — The method ^ of separating tungstic oxide from silica 
based on the solubility of moist tungstic oxide in ammonia is not to be used if 
it can be avoided, since the silicic acid is slightly soluble in the same menstruum 
({)agc 165) or passes through the paper with the tungstic oxide, though this is 
said to be prevented by the addition of a little ammonium chloride to the 
ammonia used for washing out the tungstic oxide; but the error is relatively 
small. If the mixture be baked, so as to reduce the solubility of the silica, 
some of the tungstic oxide also becomes insoluble.® 

Potassium Bisulphafe Process. -The methcxls ' of se])aration depending 
u])on the fusion of tungstic oxide and silica with, say, 5 j)arts of potassium 
bisulphate, and subsequent digestion of the residue with ammonium carbonate 
<iT ammonium sulphide, (N 114 ) 28 , ®to dissolve the tungstic oxide, take no account 
of the slight solubility of silica in potassium bisulphate (page U>7), and of the 
failure of these menstrua to dissolve all the tungstic oxide.® The errors are 
small, and the experimental results, at present, meet commercial requirements.^® 

Hydrogen Chloride Proccs.s.- -Vanadium, molybdenum and tungsten can be 
separated from silica by passing hydrogen chloride over the mixture at a red 
heat.^^ The chlorides })ass over into the receiver and silica remains quanti- 


* J. S. do Benncville, Joiirn. A7HPr. Chem, Soc., 19 , 377, 1K97; M. Wunder and A. Schapira, 
Atm. Chitn. nnal., 18 , 257, 1913; H. Arnold, Zeit. atumj. Cktm.j 88 , 333, 1914; C. F. van 
Duin, Chrni. Weekh.^ 14 , 169, 1917; F. Kehrmann and B. Flurscheim, Zeit. anorg, Chr.m., 
39 , 98, 1904. 

* H. Rose, Avsfuhrlkhes llnmlbuch der anaJytiftchen Chemie, Braunschweig, 2 , 343, 1851; 
F. Kehrmann and B. Flurscheim, Zeit. anorg. Chem.^ 39 , 98, 1904. 

“ H. L. Wells and F. .1. Metzger, Journ. Amer. Chem. Soc.., 23 , 356, 1901; Chem. News, 
831 3, 1901; A. G. McKenna, J*roc. Kng. Soc. Pcnnsyhioiia, 16 , 119, 19(M); Eng. Mm. Journ., 
66 , 607, 1898. 

* O. Herting, Zeit. angew. Chem,, 14 , 165, 1901; Chem. News, 84 , 75, 1901. 

® H. Borntrftgcr, Zeit. anal. Chem., 39 , 361, 1900; J. Preusscr, ih., 28 , 173, 1889; Chem. 
News, 60 , 37, 1889; JS. Kern, ib., 35 , 67, 1877; 3. IWry and J. .1. Morgan, ib., 67 , 260, 1893; 
A. Cobenzl, MonaU., 2 , 259, 1881; J. S. de Bonneville, Journ. Amer, Chem. Soc., 19 , 
377, 1897; H. Cromer, Eng. Min. Journ., 59 , 345, 1895; H. F. Watts, Chem. News, 95 , 19, 
1907; L. and G. Campredon, Ann. Ckirn. anal., 9 , 41, 11K)4; L. Wolter, Chem. Zig., 34 , 2, 
1910; R. Namias, Stahl Eisen, 11 , 757, 1891. 

* H. Arnold, Zeit. anorg. Chem., 88 , 74, 1914. 

^ L. Schneider and F. Lipp, Zeit. anal. Chem., 24 , 292, 1885; Chem. News, 51 , 297, 1885; 
R. SchofTcl, ib., 41 , 31, 1880; Ber., I2, 1866, 1879; O. Herting, Zeit. angew. Chem., 14 , 165, 
1901; C. Marignac, Ann. Chim. Pkys., (4), 3 , 6 , 1864. 

* H. Rose, Pogg. Ann., 100 , 146, 1857. 

* R. D. Hall, Jmim. Amer. Chem. Soc., 26 , 1235, 1904; E. F. Smith, Proc. Amer. Chem. 
Soc., 44 , 161, 1905. 

E. Defa 9 qz {Cmnpt. rend., 123 , 823, 1896) separates tungsten and titanium by fusing 
the mass with {>otassium nitrate, mixed with one-fourth its weight of potassium (3arbonate. 
When the cold melt is extract*^ with water, titanium oxide remains insoluble, but the 
tungsten dissolves. G. Fenner (Chem. Ztg., 42 , 403, 1918) uses sodium peroxide as a flux. 
C. Friedheim and C. Casteiidyck, Ber., 33 , 1611 , 1900; C. Friedheim and W. H* Hender- 
ih*, 35 , 3242, 1902; C. Friedheim, W. H. Henderson and A. Pinagel, Zeit, anorg. Chem., 
45 , 396, 1906. Compare P. Jannaach and R, Leiste, Journ. praJet. Chem., (2), 97 , 141, 1918; 
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tatively in the platinum boat. The hydrogen chloride must be free from 
oxygen, or chlorine may be liberated and attack the platinum. 

§ 217. The Separation of Tungsten and Tin. 

Bose and Raimnelsberffs Process. — Rose ^ has shown that stannic oxide may 
be removed from tungstic oxide by repeated ignition with ammonium chloride. 
The ammonium chloride reacts with the stannic oxide, forming volatile 
stannic chloride, while the tungstic oxide remains behind. Rammelsberg ^ 
recommends the following method of conducting the operation: — Mix the 
weighed residue from the hydrofluoric acid treatment with six to eight times its 
weight of ammonium chloride.^ Place the covered crucible containing the 
mixed stannic and tungstic oxides in a larger crucible. The latter is covered 
with a lid. Heat the crucibles as long as vapours of ammonium chloride issue 
from the outer crucible. Repeat the treatment three times. The object of 
using two crucibles is to prevent the formation of a coat of stannic oxide on the 
outside of the smaller crucible. The stannic oxide is formed by a reaction 
between the vaj)ours oi stannic chloride which issue from the crucible and the 
moisture of the air. The contents of the inner crucible become green and 
Anally almost black in colour. The yellow colour is restored when the small 
crucible is ignited while exposed to the air. If a fourth treatment with 
ammonium chloride gives the same weight as the third, it is assumed that all 
the stannic oxide has been driven ofl. The inner crucible is then ignited alone 
and Anally weighed as indicated in § 214, page 441. The following numbers, 
by Rammelsberg himself, illustrate the accuracy of the process:— 

Stannic oxide taken . . . ()‘A977 0*554 grin. 

Tungstic oxide taken . . . 0*7335 1*332 grm. 

Tungstic oxide found . . . 0*7355 1 *337 grm. 

Donaih and MuUner's Process. — According to Rammelsberg,^ Rose’s method 
of reduction by heating a mixture of tin and tungsten oxides in a current of 
hydrogen and dissolving out the reduced tin with hydrochloric acid, is not very 
exact.® Donath and Miillner ® obtained better results by mixing the two oxides 

L. Mo.ser and K. 8 (;hraidt, M(mats., 47 , 313, 1926; Zrit. angew. Chpm., 40 , 667, 1927. For 
treatment of the mixture of silica and tungstic oxide with standard sodium hydroxide, 
WO 3 -f- 2 XaOfT = Na 2 W 04 + HgO, and back -titration with standard hydrochloric acid, using 
phenolphthalcin as indicator, see F. H iindcshagen, Chem. Ztg.. 18 , 547, 1894; 8 . C. Lind 
and B. C. Trueblood, Jovrn. Amer. Chem. >Voc., 29 , 477, 1907; O. Herting, Zeit. angtw. Chem.y 
14 , 165, 1901; J. Ciochina, ZeAt. anal. Chem., 72 , 429, 1927. 

^ H. Rose, Ausfiihrlkhes Handbuch der anxilytuchen C hemic, Braunschweig, 2 , 352, 1871; 
W. P. Dexter, Pogg. Ann., 92 , 335, 1854; E. Dittler and A. von Graffenreid, Chem. Z^., 40 , 
681, 1916; M. Travers, Compt. rend,, 165 , 408, 1907. J. Ciochina {Zeit. anal. Chem., 72 , 
429, 1927) separates tin and tungstic oxides by digesting the mixture with a warm, concen- 
trated solution of sodium tungstate in which the tungstic oxide dissolves. Prolonged 
digestion may dissolve part of the silica, if present, as silicotungstate. K. Agte, H. Becker- 
Rose and G. Heyne {Zeit. angew. Chem., 38 , 1121 , 1925) separate tin by electrolysis. 

* C. Rammelsberg, Pogg. Ann., 120 , 66 , 1864; Chem. News, 9 , 25, 1864. 

® The ammonium chloride must be tested to make sure that it yields no non-volatile 
constituents when heated in a platinum dish. 

* C. Rammelsberg, P(fgg. Ann., 120 , 66 , 1864; Chem. News, 9 , 25, 1864. 

® For reduction by hydrogen between 600° and 900°, forming either a lower oxide or 
metal, see C. Marignac, Ann, Chim. Phys., (4), 3 , 9, 1864; E. Defagqz, Compt. rend., 146 , 
1319, 1908; X 44 , 848, 1907; C. Friedheim, W. H. Henderson and A. Pinagel, Zeit. anorg. 
Chem., 45 , 396, 1905. The process is recommended for the separation of tungstic oxide and 
silica by L. E. Rivot, Ann. Chim. Phys., (3), 30 , 188, 1850; A. Hilger and H. Haas, Ber., 23 , 
458, 1890. 

« E. Donath and F. Mttllner, Monats., 8 , 647, 1887; Chem. News, 59 , 73, 1889; 
E. Donath, Zeit. angew. Chem., 19 , 473, 1906; H. Angenot, ib., xg, 956, 1906; J. Pl^usser, 
Zeit. anal. Chem., 28 ^ 173, 1889. 



MOLYBDENUM, TUNGSTEN, COLUMBIUM AND TANTALUM. 445 

with twice their weight of zinc dust, and, after 15 minutes’ ignition in a covered 
crucible, dissolving up the residue by boiling with dilute hydrochloric acid 
(1 : 2). Add sufficient potassium chlorate to the cold solution to oxidise the 
blue tungsten oxide to the yellow oxide. Dilute the solution with 1*5 times its 
volume of water and, after 24 hours, filter, ignite and weigh the precipitate as 
WO3. The tin can be determined in the filtrate by precipitation with hyilrogen 
sulphide. 

Electrolytic Process , — Tin can be separated from a solution containing 
the two sulphides in a mixture of sodium sulphide and hydroxide by using 
a current density of 1*7 to 0*5 ampere per square dm. with 1*7 to 2*3 volts at 
50°“-6()®. The deposited tin is free from tungsten but contains traces of 
sulphur. With rotating electrodes 0*1 grm. is deposited in about an hour; 
with stationary electrodes, 4 hours. Molybdenum, if present, will contaminate 
the tin.^ 

§ 218. The Separation of Tungsten from Tin and Antimony — 

Talbot’s Process. 

Hallopeau - has shown that when a mixture of soluble antimony and 
tungsten salts is treated with mercurous nitrate, a mercurous antimonio- 
tungstate — 3 HgSb 03 . 2 W 03 — is precipitated, and this, on ignition, furnishes 
antimony tetroxide and tungsten trioxide. When antimony is present, the 
separation, a(x*ording to Hallopeau, is best effected by Talbot’s process for the 
separation of tungsten and tin.^ 

In Talbot's profjess ^ the mixed oxides ^ are fused with potassium cyanide as 
indicated on page 268. If too little potassium cyanide be used, a black residue 
containing tungsten may be formed. One part of the mixed oxides with 
12 parts by weight of potassium cyanide usually suffices. The tin and anti- 
mony remain behind as metals; the alkali tungstate formed at the same time 
passes into solution when the mass is leached with water. Filter and wash. 
The aqueous solution is boiled with an excess of nitric acid to drive off the 
volatile cyanogen compounds.® The tungstate is then })recipitated by the 
usual process. If phosphorus be present, it will be found in the solution with 
the tungsten. The separation is described below. The metallic bead is 
dissolved in acid and analysed in the ordinary manner — mixture of tin and 
antimony.’ 


^ W. D. Treadwell, EteMrochem, Zeit,y 19, 381, 1913; compare A. Ji'lvk and J. Lukas, 
C/if'm, Listy, 18, 205, 1924. 

^ L. A. Hallopeau, Bull. Br)c>. chim.y (3), 17, 170, 1897; A. Travers, Com.pt. re/tid.y 165, 
408, 1917. 

* Hallopeau found that the fusion of the mixture of antimony and tungsten oxides wdth 
sodium hydroxide and extraction of the sodium tungstate with alcohol is not satisfactory. 
8orae sodium antimonate passed into solution. 

* J. H. Talbot, Amer. J. Scieme, (2), 50, 244, 1870; Chem. Nfws, 22, 229, 1870; R. 
Helmhacker, Erig. Min. Joum., 60, 153, 1896; B. 8etlik, Chem. 13, 1474, 1889; Chem. 
News, 61, 54, 1890; E. D. Desi, Jonrn. Amer. Chem. Setc.^ 19, 239, 1897. 

* Tin and tungsten; antimony and tungsten; or tin, antimony and tungsten. 

® Note these poisonous fumes make it necessary to perform the operation under a hood. 

’ If any antimony adheres tenaciously to the walls of the crucible, remove the metal by 
treatment with acids; or, if antimony or tin alone be present, wash the crucible, dry and 
weigh. Add some ammonium chloride and heat the crucible to redness; the antimony 
volatilises. The loss in weight represents the amount of metal which adhered to the crucible. 



44^ A TREATISE ON CHEMICAL ANALYSIS. 

§ 219. The Separation of Tungsten from Arsenic and Phosphorus— 

Kehrmann’s Process. 

The separation of arsenic and tungsten is cxceetlingly difficult, because part 
of the arsenic is retained very tenaciously by the tungsten as a complex salt — 
arsenotimgstate. The distillation process (page 279) for arsenic does not give 
satisfactory results in the presence of tungstend The following process is due 
to Kehrmann.- The same process can be applied, itiutatis mutandis, to the 
separation of tungsten and phosphorus.® 

Fuse between 1 and 2 grms. of the sample with twice as much sodium 
hydroxide as is needed to combine with the arsenic oxide. Add enough water 
to dissolve the resulting cake. Boil the solution in an Erlenmeyer’s flask 
for about half an hour. Cool. Add three times as much ammonium 
chloride as is needed to form chlorides with the alkalies })resent. Add 
ammonia — about one-fourth the volume of the solution under investiga- 
tion — and cold magnesia mixture. In about 12 hours the precipitate of 
ammonium magnesium arsenate is filtered and washed with a solution of 
ammonia and ammonium nitrate (page 284). It is advisable to dissolve the 
precipitate in dilute acid, re})eat the })recipitation a number of times ^ and treat 
the precipitate as indicated on page 284. 

The tungstic acid is separated iProm the combined filtrates by evaporation 
with nitric acid (page 441). The precipitate is washed with a mixture of nitric 
acid and ammonium nitrate and weighed as indicated on page 441. It is 
difficult to get the tungsten quite free from magnesia. Gooch® first determines 
the total weight of tungsten and arsenic, then separates the tungsten by the 
mercurous nitrate process and estimates the arsenic by difference. 

§ 220. The Precipitation of Molybdenum as Sulphide. 

Molybdenum is preciiutated from an acid solution as sulphide — MoSg—in 
the hydrogen sulphide group. It is almost impossi ble to effect complete separa- 

^ C. Friedheim and P. Michaeliw, Bar., 28 , 1414, 1895. S. Hiipert and T. Dieckmaim {Ber., 
46 , 152, 1913; 47 , 2444, 1914) distil a mixture of the two atnds with 15 grins, of cuprous 
bromide and 150 o.c. of hydrochloric acid (sp. gr. 1*16) after the addition of a fairly large 
quantity of phosphoric acid. The* latter forms a complex with the tungstic acid and on 
distillation the whole of the arsenic is found in the distillate. Molybdenum and vanadium 
can be separated similarly from arsenic, but the addition of phosphoric aedd is unnecessary. 
See also O. K. Sweeney, Journ. A?ner. Chem. Bor.., 38 , 2377, 191(). K. Agte, H. Becker- 
Rose and G. Heyne (Zeit. angew. Chem., 38 , 1121 , 1925) separate arsenic by distillation with 
a mixture of methyl alcohol, hydrochloric acid and pyrogallol. 

2 F. Kehrmann, Lirbig'fi Atm., 245 , 56, 1888; Br.r,, 20 , 1813, 1887. F. W. Hinrichsen 
(Mitt. Kdnigl. Matertalyrujungsami., 28 , 229, 1910), for th(‘ separation of phosphorus 
(I^Pb^ and tungsten (WOj), recommends the mercurous nitrate process (page 442); the 
ignited precipitate is fused with alkali carbonate. The phosphorus can be precipitated from 
the aqueous extract of the cold cake by first precipitating the phosphates with magnesia 
mixture and, after taking up the precipitate with nitric acid, reprecipitating (page 675). See 
also H. Arnold, Zeit. anorg. Ch.em., 88 , 333, 1914; K. Agio, H. Becker-Rose and O. Heyne, 
lx. 

* For the separation of phosphorus from tungsten, see G. W. Gray and J. Smith, Joum. 
Iron Steel Inst., 99 , 585, 1919; T. E. Rooney and L. M. Clark, ib., 113 , 457, 1926; C. M. 
Johnson, Joum. Ind. Eng. Chem., 5 , 297, 1913; G. E. F. Lundell and H. B. Knowles, ib., 15 , 
44, 171, 1923. For phosphorus in scheelite, see E. W. Hagmaier, Met, Chem. Eng,, 12 , 620, 
1914; W. Dewfi^, Mining Mag., 16 , 252, 1917; K. Agte, H*. Becker-Rose and G. Heyne, l.c. 

* The arsenic and phosphorus can be separated in the usual way if they are present 
together. 

F. A. Gooch, Proc. Amer. Acad., 16 , 134, 1881; Amer. Chem. Journ., X, 412, 1879; 
W. Gibbs, ib., 7 , 337, 1885; H. BuUnheimer, Chem. Ztg., 24 , 870, 1900; Chem. News, 85 , 
184, 1902. 
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tion in a hydrochloric acid solution. The separation is more complete in 
sulphuric acid solutions, but even then the separation is not satisfactory in a 
reasonable time. For instance, a solution of ammonium molybdate acidified 
with five volumes of concentrated sulphuric acid was saturated with hydrogen 
sulphide. ^J'he solution was filtered after it had been allowed to settle for an 
hour, and the filtrate was again treated with hydrogen sulphide. This sequence 
of operations was repeated in all five times. A little molybdenum sulphide was 
precipitated each time. Hence, molybdenum^ %n acid solutions, is but imperfectly 
precipitated by hydroyen sulphide at atmospheric pressures} 

If a pressure bottle be used, the results are satisfactory.*^ The pressure 
flask (page 276) of 300, 500 or 1000 c.c. capacity is closed by a ground-glass 
plate.® About 250 c.c. of the solution arc j)laced in the flask and saturated 
with hydrogen sulphide by pa.ssing a rapid stream of gas through the solution.^ 
Dilute the solution to about 500 c.c. with water saturated with hydrogen sul- 
phide. The flask is then ])la(*ed in a cold water bath and gradually heated to 
boiling. The bath is ke]>t at that temperature for about an hour. Let the 
botth^ cool; em])ty the contents into a beaker; and wash the bottle with dilute 
acid (sulphuric acid 1, water 50) saturated with hydrogen sulphide. Let the 
precipitate settle. Kilter and wash the ])recipitatc with the dilute acid saturated 
with hydrogen sulphide. An alternative method, which works well, is to make 
the solution ammoniacal, add a slight excess of ammonium monosulphide and 
then acidify with sulj)huric acid. Warm to coagulate the precipitated 
molybdenum sulphide, filter and wash as above.*^ 

If several members of the hydrogen sul])hide group be present, the precipi- 
tated sulphides are digested with ammonium monosulphide for a couple of 
hours, when molybdenum, arsenic, antimony and tin,® if present, will pass into 
solution. V'^anadium and uranium, if present, are not j)recipitated by the 
above treatment. Tungsten is partly precipitated, but not if 3 to 5 grms. of 
tartaric acid be added to the solution before passing the hydrogen sulphide.’ 
If much iron be present, an appreciable quantity may be carried down with the 
sulphides. For instance, a solution containing ()*1076 grm. of iron with 


1 K. Dohler, Chv.m. ZUj.. 24, 0:37, 19(K); Chem, 82, 294, 1900; P. Treadwell, 

Kurzes Lehrbnch der analylischt'u Chernie, Leipzig, 2, 18:3, 1911; F. 

E. H. Millesr, Journ. Amer. Chem. Soc., 26, 675, 1904; Chem. News, 90, 204, 218, 1904, ±1. 
Traube, Nnie.s Jahrb. Min., B.B., 7, 2:32, 1891; C. Friedhoim and R. Meyer, a^g. 
Chem., I, 76, 1892; E. Farber, Chem. Ztg., 51, 171, 1927; H. Mende, ib., 53» 178. 1929; H. U 
Weirick and 0. H. iVlcOollam, Heat. Treat. Forg., 16, 1145, 1155, 1930; J. Sterba-Bohm and 
J. Vostrebal, Zeit. anorg. Cfum., IIO, 81, 1920. ^ ^ 

» S. Zinberg, ZcU. anal. Chem., $2, 529, 1913; A. V. Fuller, Journ. Ind. hng. t Aem., 9. 
793, 1917; A. E. St«ppc-1, C. F. Sidener and V. H. M. 1’. Bnnton, Chem. Ae«!«, 130, doJ, 
1925; E. Cremer and B. Fetkenheuer, Veroff. Siemene-Kmz., 5, 199, 1927; K. 

Swoboda and K. Horny, Zeit. wtml. Chem., 8o, 271, 19:30; E. Wendehorst, ib., 73, 452, 1928. 

® An empty “oitrate of magnesia ’’ bottle makes a good pressure flask for the operation. 

* A fast current of gas causes less trouble by the sticking of the sulphide to me walls 01 
the tube than a slow current of the gas. B. Herstein {Bull. U.S. Bept- Agrtc. Chem., 150, 
44, 1912) uses 0-75 c.c. thioacetic acid per 01 grm. M0O3 in place of hydrogen sulphide. 

^ W. Hoepfner and 0. Binder, Chem. Ztg., 42, 315, 564, 1918; A. E. btiippel, C. hidener 
and P. H. M. P. Brinton, Chem. News, 130, 353, 1925; I. Koppel, <}bem. Ztg., ^, 801,192^; 
W. Hartmann, Zeit. anal. Chem., 67, 152, 1925; E. Wendehorst, ib., 73, 4o2, 1928; W. Werz, 

ib., 80, 109, 1930. .... 

• ^leniuni, tellurium and germanium, if present, will be found mainly in the ammonium 

sulphide solution, , . 

’ H. Hose, Handbuch der analyiischen Chemie, Braunschweig, 2, 3o8, 1671 J H. YagooA 
and H. A. Fale«, Joum. Amer. Chem. Soc., 58, 1494, 1936. If tunptio oxide be present, 
most of it will be found in the residue with the silica. The silica is driven off by 
of hydrofluoric acid (page 149), and the residue is treated as indicated on page 441 for WU,. 
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different amounts of molybdenum in the same solution gave the following 
numbers — 

Molybdenum . 0*00492 0*(K)984 0‘024()O 0*04921 grin. 

Ferric oxide . 0*0001 0 * 0 (K )2 0*0003 0*0005 grm, 

when the iron was separated from the precipitated molybdenum sulphide and 
weighed as f(*rrie oxide. To recover iron from the molybdenum sulphide, 
dissolve the washed precipitate in a mixture of 10 c.c. of hydrochloric acid, 
5 c.c. of nitric acid and 10 c.c. of concentrated sulphuric acid. Evaporate the 
solution until copious fumes of sulphur oxides are evolved, (’ool. Add 50 c.c. 
of water and an excess of ammonia. The ferric hydroxide which separates may 
be filtered off. 

If no other member of the ammonium sulphide sub-group be jm^sent, the 
warm solution is acidified with hydrochloric or sulphuric acid, and the reddish- 
yellow solution is boiled to drive off the hydrogen sulphide.^ Filter and wash the 
brown precipitate with hot water acidified with hydrochloric (or sulphuric) acid 
and saturated with hydrogen suljdiide. The precijutated molybdenum sulphide 
may now be treated in several different ways - gravimetric or volumetric. 

Arsenic can be separated from molybdenum by th(i magnesia-mixture 
process described on page 282. Two or three precipitations are^ needed to 
obtain a preci])itatc of ammonium magnesium arsenate free from molyb- 
denum. ^ 

Tin sulphide can be sef)arated by treatment with a solution of oxalic acid 
slightly acidified with hydrochloric acid, as indicated in Clarke’s juocess 
(page 298). 

§ 221. The Gravimetric Determination of Molybdenum as Oxide, 

and as Sulphide. 

Determination of Molybdenum as Oxide , — If molybdenum alone be present, 
the sulphide can ])e conveniently transformed into the oxide by washing it 
first with dilute sulphuric acid (I : 20), and then with alcohol until all the 
acid is removed. The moist filter-paper is placed in a large porcelain crucible 
and dried in an air bath. Carbonise the filter-paper over a small flame while 
the cover is on the crucible. Remove the cover. Burn the carbon from the 
sides of the crucible with as small a flame as possible and raise the temperature 
of the crucible very gradually. When the evolution of sulphur dioxide has 
ceased, cool. Add a little mercuric oxide suspended in water. Stir up the 
mixture in the crucible and evaporate to dryness on the water bath. Drive 
oft‘ the mercuric oxide by gentle ignition.^ Weigh as molybdenum trioxide — 
M 0 O 3 . The oxide should be white, not tinted blue. 

Errors . — The chief difficulties in determining molybdenum as trioxide arise 
from the tendency of the sulphide to oxidise so violently as to project particles 
from the crucible during calcination ; and the tendency of the oxide to volatilise 


^ F. E. Zenker, Journ. prakt. Chem., ( 1 ), 58 , 257, 1853. 

* Arsenic can also be separated by the distillation process indicated on page 279. In 
order to avoid the introduction of large amounts of iron, C. Friedheim and P. Michaelis (Rer., 
28 , 1414, 1895) recommend distillation from methyl alcohol saturated with hydrochloric acid. 

® The mercuric oxide helps to burn off the carbon and also assists in the removal of some 
sulphur oxide. O. Binder {Chem. Ztg., 42 , 255, 1918), after a preliminary ignition of the 
sulphide, treats the residue with nitric acid, evaporates to dryness and dissolves the mass 
in ammonia. The solution is reprecipitated with nitric acid, again evaporated and ignited. 
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at comparatively low temperatures.^ When the sulphide is calcined, a blue 
oxide is first formed. This contains less oxygen than the irioxide, and the 
calcination must therefore be continued until the mass in the crucible is white, 
not blue, when cold. This requires so prolonged a calcination that tln^ oxide 
begins to volatilise before all the blue oxide is transformed into trioxide and 
the weight is constant. For instance, Collett and Eckardt ^ roasted the 
sulphide ^ at a low temperature and weighed the crucible and contents after 
the lapse of different intervals of time. The results are illustrated in fig. 102. 



rfinutnr. 

Fkj. 102. “1.1088 in Weight during the Ignition of Molybdenum Sulphide. 

The curve shows that the weight decreases rapidly as the sulphide is oxidised. 
Immediately after all has been converted into the trioxide (Ay fig. 102), the 
oxide continues to lose weight but, after about a couple of hours, the weight 
remains nearly constant, although the weiglit of the substance is really 
1-2 per cent, less than it should be. This is due to the volatilisation of the 
oxide, ^ although the oxide in the crucible still has a blue tint. If the tempera- 
ture of calcination be raised, the loss by volatilisation is greater. This is 
illustrated by the quick descent of the curve Cl) (fig. 102). With some 
practice, it is possible to conduct the operation quite satisfactorily. Collett 
and Eckardt, however, cotisider that the process should be abandoned, and the 
molybdenum weighed as sulphide. 

^ E. Col Jett and Al. Eckardt, Chem. Zig.y 33, 968, 1909; L. A. Congdon and L. \ . Rohner, 
Chem. NewSy 128, 118, 1924. W. Treadwell {Ehkiroch^m. 19, 219, 1913), K. Wolf 

{Ze.it. augew. Chem.y ( 1 ), 31, 140, 1918) and K. Swoboda and H. Horny {Zeit. anal. Chem. 
80, 271, 1930) state that sublimation occurs above 450", and recon) mend that the ignition 
should be carried out at 4(K)"“450". P. H. M. P. Brinton and A. E. Stoppel {Journ. ^Imer. 
Chem. Soc..y 46, 2454, 1924) ignite at a temperature not exceeding 600'’. M. Seligsohn (Journ. 
prakt. Chem., (1), 67, 472, 1856) fuses the sulphide with lead oxide and ammonium nitrate. 
The excess in weight over the amount of PbO used represents the molybdic oxide — AI 0 O 3 ; 
E. Dohler (Chem. Zig., 24, 537, 1900) prefers gentle ignition of the sulphide in a Rose's crucible 
in a current of hydrogen and weighing as M 0 S 2 ; or ignition in a current of hydrogen at a 
higher temperature and weighing as metal, as recommended by O. F. von Pfordten (Bet., 
17, 734, 1884); W. T. Taggart and E. F. Smith (Journ. Amer. Chem. Soc., 18, 1053, 1896) 
recommend igniting the sulphide with oxalic acid and weighing as M 0 O 3 ; and C. Friedheira 
and H. Euler (Ber., 28, 2061, 1895) ignite the sulphide at a high temperature in air and 
weigh as MoOs. 

* E. Collett and M. Eckardt, Chem. Ztg., 33, 968, 1909. 

* Similar results were obtained by calcining ammonium molybdate, and fig. 102 applies 
to both this salt and to the sulphide. 

* The sublimation of the oxide is shown by the presence of small glistening crystals above 
the mass in the crucible. 
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Determination of Molybdenum as Sulphide . — This determination is less liable 
to error and the result is rather more certain than by the preceding method, but 
the apparatus required is a little more complex. The washed sulphide pre- 
cipitate is dried, the precipitate separated from the paper and preserved 
between two watch-glasses, while the filter-paper is burned to ash in a crucible. 
The sulphide is transferred to the same crucible, which is then fitted with a 
perforated lid (Rose’s crucible, fig. 98, page 418), and the whole gently calcined to 
a constant weight in a current of hydrogen gas. The contents of the crucible 
are finally weighed as molybdenum sulphide — M082. The equivalent weight 
of molybdenum trioxide is obtained by multiplying the weight of the sulphide 
by 0*8993. 

For instance, working with a known amount of molybdenum trioxide, it 
was found that: 

M0O3 used .... 0*1413 0*1422 0*1500 grm. 

M0S2 found .... 0*1573 0*1578 0*1672 grm. 

M0O3 calculated from sulphide . 0*1414 0*1419 0*1503 grm. 

The results are therefore quite satisfactory. 

§ 222. The Gravimetric Determination of Molybdenum as 
Lead Molybdate. 

If a gravimetric process be required for the molybdenum in soluble salts 
like amm muum molybd^ e, dissolve, say, 0*5 grm. of the salt in 200 c.c. of 
water ancjj^dd a few clro^ of ammonia, followed by 2 or 3 c.c. of (33 per cent.) 
acetic acid,^ and 4 or 5 grms. of ammonium chloride. ,Heat the solution to 
boiling and while boiling add gradually, with constant stirring, 45 -50 c.c. of a 
solution o f lead ace tate.^ Boil two or three minutes more with vigorous 
agitation. The c^eani^Ioured granular precipitate vsettles and filters rapidly. 
When the precipitate has settled, filter through an asbestos-packed Gooch 
crucible and wash by decantation with boiling water, containing 5 grins, of 
ammonium chloride or q^opiiii q-^^ cetate and five drops of acetic acid per 
200 c.c. Transfer all the precipitate to the Gooch crucible and, when the 
washings are free from lead, wash the precipitate twice with boiling water. 
Heat the crucible on an asbestos plate until dry and then over a naked flame. 
Cool in a desiccator and weigh as lead molybdate-- PbMo04. Multiply the 
weight of the lead molybdate so obtained by 0*39213 to get the corresponding 
amount of M0O3. 

Errors , — If sulphates be present, as would be the case if the precipitated 
sulphide were dissolved in hot nitric acid, lead sulphate will be precipitated 
with the lead molybdate. Hence it is necessary to roast molybdenum sulphide 
to oxide before it is dissolved in acid, preparatory to precipitating as lead 
molybdate. 

Cruser and Miller give the following trials with known amounts of 
molybdenum : 

Used . . 0*14765 0*14793 0*17302 0*17211 0*19657 grm. 

Found . . 0*14745 0*14793 0*17301 0*17210 0*19656 grm. 

Vanadium, if present, interferes with the test. According to Brearley, the 
presence of acetic acid, lead acetate, alkali nitrates, chlorides and acetates, 
salts of manganese, copper, cobalt, nickel, zinc, magnesium, mercury, barium, 
strontium, calcium, arsenic, cadmium, phosphorus, aluminium and uranium 

^ If more acetic acid be present, some lead molybdate may be dissolved. 

* Leau Acstatic SoLUTiOK. — Dissolve 4 grms. of the salt in 100 c.c. of water. 
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does not interfere ; silicates give slightly high results ; iron and chromium should 
be removed by the addition of sodium hydroxide to the boiling solution.^ 

§ 223. The Volumetric Determination of Molybdenum by 
Potassium^ Permanganate. 

Dissolve the sulphide in a beaker or dish by digestion with a mixture of 
10 c.c. of concentrated sulphuric acid, 10 c.c. of hydrochloric acid and 5 c.c. 
of nitric acid. Evaporate the solution until sulphurous fumes are evolved. 
Let the solution cool and then neutralise it with ammonia; add 10 c.c. of 
concentrated sulphuric acid and make the solution up to 200 c.c. When the 
solution has a temperature of 70°-75®, pour it through a reductor (page 173) 
with a column of granulated zinc ® (20- 30 mesh) about 37 or 38 cm. long. 
Arrange the suction so that it takes 6 minutes for the solution to pass through 
the reductor tube.^ Titrate the solution immediately with standard potassium 
permanganate.® The test experiments are excellent.® 

^ For some properties of lead molybdate, tw?e pai^c 341. A. de Wich {Liebi</,s Ami., 83, 
222, 1861) precipitated the molybdenum as barium molybdate. T. M. Cliatard, Amer. J, 
Science, (3), i, 416, 1871; Chem, News, 24, 175, 1871; P. (luichard, Conipt. rend., 131, 389, 
419, 1900; H. Brearley, Chem. News, 78, 203, 1898; 79, 2, 14, 1899; F. Ibbotson and 
H. Brearley, ib., 79, 3, 1899; 81, 269, 19(K); A mtlysis of Steel Works Materials^ London, 85, 
273, 1902; L. Schindler, Zeit. anal. Chem., 27, 137, 1888; F. van Dyke Cniser and E. H. 
Miller, Jonrn. Amer. Chem. Soc., 26, 675, 1904; H. Westling and C. Anderson, Min. Scient. 
Press, I13, 917, 1916; H. B. Weser, Journ. Phys. Chem., 20, 640, 1916; K. Strebinger, 
Oester. Chem. Ztg., 20, 226, 1917; J. Kassler, Zeit. anal. Chem., 74, 276, 1928; H. A. Doerner, 
Metal hid., 37, 444, 1930; Chem. ZeMr., (I), 321, 1931; W. F. Murray, Chemist -Analyst, 
18, 10, 1929; VV. Werz, Zeit. anal. Chem,, 80, 109, 1930; L. A. (Jongdon and L. V". Rohner, 
Chem. News, 128, 118, 1924; K. £. Stanfield, hui, Eng. Chem. Anal. Ed., 7, 273, 1935. In 
mineral acid solution, a-benzoin oxime will separate molybdenum from all metals except 
tungsten, palladium, tantalum, chromates and vanadates — 11. B. Knowles, Bur. Standards 
Joum. PeseMrch, 9, 1, 1932; E. Taylor, Analyst, 62, 107, 1937. For oxyquinoline as a pre- 
cipitant, see W. Geilraann and F. Weibke, Zeit. anorg. Chem., 199, 347, 1931. 

* The solution is inclined to bump badly. Blowing air through the solution during the 
evaporation prevents this. 

* F. Pisani, Compt. reyid., 59, 301, 1864; C. Rammelsberg, Pogg. Ann., 127, 281, 1866; 

A. Werneke, Zeit. a^ml. Chem., 14, 1, 1875; H. Borntrager, Zeit. anal. Chem., 37, 438, 1898; 
W. Scott, Journ. Ind. Eng. Chein., 12, 578, 1920; T. Nakazono, Journ. Chem. Soc. Japan, 
42, 526, 1921; K. Someya, Zeit, anorg. Chem., 145, 168, 1925; E. Muller, Elektrochem. Zeit., 
33, 182, 1927; Th. Doring, Zeit. anal. Chem., 82, 193, 1930; B. Stehlik, Coll. Czech. Chem. 
Comm., 4, 418, 1932; Chem. Listy, 26, 533, 1932; J. Kassler, Zeit. anal. 75,457, 1928. 

* There has been some discussion on the product obtained by reducing molybdic salts. 
Some say that MogOs is formed (W. A. Noyes and E. D. Frohman, Journ. Amer. Chem. Soc., 
x6, 653, 1894); others consider that M024O3, is obtained (A. A. Blair and J. E. Whitfield, 
Journ. Amer. Chem. Soc., 17, 747, 1895); others, again, say that the reduction docs not go 
so far as this. E. H. Miller and H, Frank {ib., 25, 919, 1 903) did not get MogOg in the reductor, 
but they could find no definite stopping-place at Mo240a7, although reduction under the usual 
conditions proceeds very close to this. With the reductor arranged as described in the text, 
the iron standard of the permanganate multiplied by 0*88 gives the equivalent M0O3 standard, 
and by 0 01579, the phosphorus standard. With amalgamated zinc, the factors were 0*8842 
and 0*01586 respectively. If the reduction had been to Moa4037, the factors would have been 
0*8832 and 0*01584 respectively. It is. best to standardise the potassium permanganate by 
the method of reduction with known solutions of molybdate. See page 677. 

® Standabd Solution of Ammonium Molybdate. — Dissolve 6* 132 grms. of ammonium 
molybdate — (NH4),Mo70j4.4H30 — ^in a litre of water. The solution contains the equivalent 
of 0*005 grm. M0O3 per c.c. The strength of the solution may be verified by precipitation of 
the molybdenum as lead molybdate — page 450. The potassium permanganate solution is 
approximately 0*1N, and it is standardised by running the standard ammonium molybdate 
solution through the reductor and titrating as described in the text. 

* For the volumetric determination of molybdenum by methylene blue, see £. Knecht 
and F. W. Atack, Analyst, 36 , 98, 1911; by potassium iodate, G. S. Jamieaon, Journ, Amer. 
Chem, Soc,, 39 , 246, 1917; by iitanous chloride, A. Travers, Compt, rendi., x65> 362, 1917; 
H. H. Willara and F, Fenwiok, Journ, Amer, Chem, Soc,, 45 , 928, 1923; by chromom chloride. 
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§ 224. The Separation of Tungsten and Molybdenum- 
(a) Hommers Process. 


The analogit*s in the ])r()])erties of tungsten and niolyhdenum ^ compounds 
render a st*paration of the two elements difHeult.^ 

Tungsten and molybdenum can be separated by the action of warm 
sulphuric acid (s]), gr. 1-378) upon the moist freshly precipitated ^ oxides 
M 0 O 3 and WOg.^ The former passes into solution, the latter remains insoluble. 
Hommel says that this process only giv^es satisfactory results when the moist 
oxides are first digested with concentrated sulphuric acid and a few drops of 
dilute nitric acid, say, in a porcelain dish over a naked tlatne for about half an 
hour.^ When the solution is cold, add about three times its volume of water. 
Filter, wash the precipitate with dilute sulphuric acid (1 : 20), and finally 
wash it two or three times with alcohol, ignite as indicated on page 441, and 
weigh as WO3. The molybdenum in the filtrate may be precipitated by 
hydrogen suliihide (page 44(>), or, if only small quantities are present, the 
solution may be evaporated to dryness and the residue weighed in a platinum 
dish. Hommers ])rocess is quite satisfactory. For exanqile, Hommel 
obtained the following results with artificial mixtures of tungsten and 
molybdenum trioxides : 


Table LI. — Te.st Analyses^ Tungsten and Mol ghdenurn Mixtures^ 


Tungstic 

triox idc. 

! Molybdenum trioxidt- 

j 

Used. 

, Found. 

i 

! Used. 

1 Found. 

i 

’ 0*9616 

0-9614 

• 0-1077 

; 0-1080 

i 0-8732 

j 0-8738 

i 0-0501 

, 0-0503 

i 0-7029 

: 0-7035 

0-1030 

! 0-1028 

1 0-5737 

I 0-5740 

1 0-1184 

1 0-1180 


i 


i 

I 

j 

i 


H. Brintzinger and F, OvSthatz, Zeit. (oiortj. (Uiem.^ 165, 22 J, 1927; H. Brintzinger and 
W. Schieferdecker, Zifit. anal. Chvm., 78, 110, 1929; by Imd aretaU,, E. Kolher and G. dander, 
Zeit. angew. Che.m.y 43, 9d0, 1930; T. Haikhinshtein and N. Korobov, Journ. Oen. Chem. 
{U.S. 8 .R.), 2, 661,1932; by ceric sulphate, N. H. Furman and W. M. Murray, junr., Journ. Amer. 
Chem. 80 c., 58, 1689, 1843, 1936. For colorimetric methods, see AV . J. King, Ind. Eng. Chem., 
15, 350, 1923; O. L. Magg and C. H. McCollam, ib., 17, 524, 1925; H. ter Meulen, Chem. 
Weekb.y 22, 80, 1925; E. Wendehorst, Zeit. anorg. Chem., 144, 319, 1925; A. D. Funck, Zeit. 
aTial. Chem., 68, 283, 1926; J. Kassler, Chem. Ztg., 51, 953, 1927; T. R. Cunningham and 
H. L. Hamer, Ind. Eng. Chem. Anal. Ed., 3, 106, 1931; L. H. dames, ib., 4, 89, 1932; L. C. 
Hurd and F. Reynolds, ib., 6, 477, 1934; K. E. Stanfield, ib., 7, 273, 1935; E. B. Sandell, ib., 
8, 336, 1936; K. Agte, H. Becker-Rose and G. Heyne, Zeit. angew. Chem., 38, 1121, 1925; 
G. A. Patchenko, Journ. App. Chem. {U. 8 . 8 .R.), 8, 722, 1935. For the electro-analysis 
of molybdenum, see C. Nemoto and Y. Tanabe, Journ. Elextrochem. Assoc, (dapan), 2 , 53, 1&4. 

^ Commercial tungstic acid may contain molybdenum — E. Corleis, Liebkfs Ann., 232, 
265, 1886; A. G. Kriiss, ib., 225, 29, 1884; H. Traube, Neue .9 Jahrb. Min., B.B., 7, 232, 
1891; C. Friedheim and R. Meyer, Zeit. anorg. Chem., i, 76, 1892, 

* E. F. Smith and R. H. Bradbury, Ber., 24, 2930, 1891; E. E. Marbaker, The Separatum 
of Tungsten from Molybdenum, Penn., 1914; Journ. Amer. Chem. 80 c., 37, 86, 1915. 

® If the oxides have been ignited, it is best to fuse them with from four to six times their 
weight of sodium carbonate, dissolve the fused mass in water, evaporate the solution to 
dryness and add the concentrated sulphuric and nitric acid as described in the text. 

^ E. D. Desi, Journ. Amer. Chem. 80 c., 19, 213, 1897; M. J. Ruegenberg and E. F. Smith, 
ib., 22, 772, 1900; Chem. News, 83, 5, 1901; W. Hommel, Ueber die quantitative Trennung 
von Wolfram und Molybddn, Zurich, 1^2. 

^ If the solution is greenish coloured, add a drop or two more of dilute nitric acid to 
oxidise the tungstic oxide to yellow tungstic acid. 
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(b) Rose's Tartaric Acid Process. 

In Rose’s method,^ the alkali salts under investigation are treated 
with an excess of sulphuric acid, and the tungsten is kept in solution by 
the addition of a considerable amount of tartaric acid ^ while the 
molybdenum is precipitated by hydrogen sulphide in a pressure flask. 
The tartaric acid is afterwards destroyed ])y repeated evaporation with 
nitric acid (page 195), and the tungsten finally separated in the usual manner 
as WO3. Friedheim and Meyer ^ have raised the question: Is all the molyb- 
denum precipitated in the presence of the tartaric acid? The trial results 
with known mixtures of molybdenum and tungsten arc, however, satisfactory. 
The objection to the process rests on the time consumed in the destruction of 
the large quantities of tartaric acid.^ 


§ 225. The Separation of Tungsten and Molybdenum 
Pechard’s Process. 

Debray found that a very volatile crystalline compound, M0O3.2HCI, is 
formed when molybdic acid is exposed to the action of hydrogen chloride. 
The reaction is represented by — 

NagMoO^ + 41101 2NaCl + H./) + M0O3.2HOI 

and Pechard ® found that the reaction can be used for separating molybdenum 
from tungsten. Thus, if a weighed mixture of tungsten and molybdenum 
(oxides or alkali salts) be placed in a boat and heated i)etween 250*^' and 270^^ 
in a current of dry hydrogen chloride, the molybdenum is volatilised as 
M0O3.2HCI and deposited in the form of long aeicular white crystals in the 
cooler parts of the tube, ’while tungsten oxide remains behind in the boat. 

The Apparatus . — The arrangement indicated in fig. 103 may be used for 
the purpose. A piece of wdde glass tubing I) holds a boat containing a weighed 
quantity of the mixed oxides. The tube is connected at one end with an 
apparatus for generating hydrogen chloride. The hydrogen chloride gas is 
passed through a wash-bottle A, containing concentrated hydrochloric .acid, 
and dried by passing through a wash-bottle B containing concentrated 
sulphuric acid. The opposite end of the tube is connected with an absorption 
tube E containing a little water. 


^ H. Rose, Ifandbuch der analyfischen Chefriie, Braunschweig, 2 , 3r)8, ]871. 

* J. Lefort, Ann. Chim. Phys., (5), 9 , 93, 1877; I. Kopptl {Chnw. Ztg., 48 , 801, 1924) 
neutralises an alkaline solution of molybdate and tungstate w'ith formic acid, treats the 
solution with a small quantity of ammonium sulphide and then acidifies with formic acid. 
On warming, molybdenum sulphide alone is precipitated. Compare H. Yagoda and H. A. 
Fales, Journ. Amer. Chew. Soc., 58 , 1494, 1936. 

* C. Friedheim and R. Meyer, Zeit. nnorg. Che.m.^ i, 76, 1892. 

* See H. B. Merrill (Journ. Amer. Chew. <S»or., 43 , 2383, 1921) for the separation of molyb- 
denum and tungsten by selenium oxychloride; I). If all (Journ. Amer. Chew. Soe., 44 , 1462, 
1922) for the determination of small amounts of molybdenum in tungsten by xanthic acid. 

* H. Debray, Compt. rend., 46 , 1098, 1858; Liebig^s Ann., 108 , 250, 1858; Journ. prakt. 
Chem., ( 1 ), 76 , 160, 1859. 

® E. Pechard, Compt. rend., 114 , 173, 1891 ; Zeit. anorg. Chem., i, 262, 1892; Chem. News, 
65 , 89, 1892; E. F. Smith and U. Oberholtzer, Journ. Amer. Chem. Soe., 15 , 18, 1893; Chem. 
News, 67 , 6 , 1893; Zeit. anorg. Chem., 4 , 237, 1893; E. F. Smith and P. Maas, ib., 5 , 280, 
1894; Chem. News, 67 , 207, 1893; Journ. Amer. Chem. Soc., 15 , 397, 1893; Journ. Franklin 
Inst., 136 , 443, 1893; L. Moser and K, Schmidt (Monats., 47 , 313, 1926) use carbon tetra- 
chloride and air. 
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The Sublimation , — The tube containing the boat is heated to 270^^ ^ in the 
tube oven C, fitted with thermometer and thermostat. The sublimate of 
M 0 O 3 . 2 HCI is driven forward into the absorption tube, every now and again, 
by heating the fore part of the combustion tube D with a naked Bunsen flame. 

The Tungstic Oxide . — AVhen sublimation has ceased (about hours), the 
boat may contain tungsten oxide with or without sodium chloride, according 
to the nature of the substance under investigation. The sodium chloride, if 
present, is removed l)y washing the residue with water; the tungsten oxide is 



Fio, 103. — Separation of Molybdenum from Tungsten. 


filtered into a weighed Gooch crucible, ignited as indicated on page 92 and 
weighed as tungsten trioxide — WO3. 

The Molyhdir Oxide , — The molybdic hydrochloride decomposes in contact 
with the water, forming a brick-red chloride — MogOgClg — insoluble in hydro- 
chloric acid, but readily soluble in nitric acid. The sublimate is washed from 
the combustion tube and from the absorption tube into an evaporating basin 
with water containing a little nitric acid. The solution is evaporated to dry- 
ness on a water bath; the residue is dissolved in a little ammonia, evaporated 
to dryness, ignited as indicated on page 448 and weighed as molybdenum 
trioxide — MoOo. 

The Results , — The separations by this process are excellent. For instance, 
with artificial mixtures: 

Tungstic oxide used . 0-2834 grm. Molybdic oxide used . 0-0386 grm. 
Tungstic oxide found . 0-2838 grm. Molybdic oxide found . 0-0380 grm. 

The comparatively elaborate apparatus is considered a disadvantage in the 
laboratory of a works. This objection would not be serious if a large number 
of determinations had to be made. The time factor is then significant.* 


1 Tf the temperature be much greater than 270°, tungsten may sublime; if much less, 
the separation may be incomplete. 

* For the separation of tungsten and vanadium, see C. Friedheim, Ber,, 23 , 3i52, 1890; 
Chem, NewSf 65, 27, 1892; A. Rosenheim and C. Friedheim, Zeil, anorg, Chsm,, 313, 
1892; C, Friedheim, W. H. Henderson and A. Pinagel, f 6 ., 45 , 396, 1905; C. Friedheim and 
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§ 226. The Determination of Columbium and Tantalum. 

The elements columbium and tantalum are often associated with tungsten, 
and, if present, they will be precipitated with the tungsten trioxide. Many 
tantalum minerals are, however, free from tungsten. Since tantalum is now 
one of the “industrial elements,’* the analysis of compounds containing 
tantalum, especially ferrous alloys,^ is sometimes required. 

The exact determination and separation of columbium and tantalum has 
long been one of the unsolved problems in analytical chemistry. However, 
since 1921 a aeries of papers by Schoeller and co-workers has cleared up the 
main difRculties encountered by their predecessors and has enabled a definite 
position to be given to these two elements in the analytical scheme. In the 
earlier process of Simpson ^ the mineral is opened up by fusion with potassium 
hydroxide; the cold melt is dissolved in excess of hydrochloric acid and 
columbium and tantalum pentoxides are precipitated by hydrolysis, together 
with tungsten, silica, tin and antimony, if present. After removal of the 
tungstic oxide by ammonia ® and the silica by hydrofluoric and sulphuric 
acids, the ignited residue is reduced in hydrogen and the metallic tin and 
antimony dissolved away in hydrochloric acid, leaving only the mixed pent- 
oxides of columbium and tantalum. The chief weakness of the process is that 
columbium and tantalum are not completely precipitated by hydrolysis, 
particularly if much titanium be present. 

Marignac’s classical process ^ for the separation of tantalum and columbium 
is based upon the different solubilities of potassium heptafluotantalate — 
KgTaF^- -and of })otassium oxypentafluocolumbate — KgCbOFrj.HgO.^ One 
part of the latter salt is solulfle in 12 -13 parts of cold water, while 1 part of 
potassium fluotantalate dissolves in 150-157 ])arts of cold water. The degree 
of accuracy is said to be to about 1 per cent, or even as high as 0*5 per cent., 
if 20 to 25 grins, of the mineral be taken for analysis.® 


0. Casteiidyck, 33, 611, 19CK); W. Gibbs, Znt. aiial. Chem.^ 23, 54.*!, 1884; 25, 544, 
1886; Amer, Chem. Journ., 4, 377, 1882; 5, 378, 1883; I, 219, 1879; F. Mohr, Lflirburh 
der chemischeti'analytiftchen Titriermeihode, Braunschweig, 314, 1877; A. Safafik, Liebig's 
Ann., 109, 84, 1859; C. R. von Hauer, Be.r. Wirn. Akad., 39, 448, 1860; A. Rosenheim, 
Btr,, 23, 3208, 1890; R. E, Browning and R. J. Goodman, Zeit. nnorg, Chem., 13, 427, 
1897; C. Reichard, Chem. Ztg., 27, 4, HK)3; F. Rothonbach, Ber., 23, 3050, 1890; A. Carnot, 
Compt. rend., 104, 1803, 1850, 1887; 105, 119, 1887; A. Jilek and J. Lukas, Coll. Czech. 
Chem. Comm., i, 263, 1929; Chem. Lisiy, 24, 73, 1930; G. Fenner, Chem. Ztg., 42, 403, 1918. 

* G. L. Kelley, F. B. Myers and C. B. Illingworth, Journ. Iml. Kng. Chem., 9, 852, 1917; 
L. Silverman, ib.. Anal. Ed., 6, 287, 1934; A. Travers, Compt. rend., 166, 494, 1918; K. 
Swoboda and R. Homy, ZeJt. anal. Chem., 80, 271, 1930. 

* E. S. Simpson, Bull. West Australia Qeol. Sur., 23, 72, 1906; Chem.. News, 99, 243, 
1909. Compare J. Moir, Journ. Chem. Met. Min. Soc. S. Africa, 16, 189, 1916; W. Stahl, 
Chem. Ztg., 56, 175, 1932. 

* J. A. Tschernichov and M. P. Karsajevskaya (Zeit. anal. Chein., 98, 97, 1934) state 
that this procedure is not satisfactory, 

* C. de Marignac, Ann. Chim. Phys., (4), 8, 5, 49, 1865; K. S. Simpson, Bull. West Australia 
Oeol. Sur., 23, 71, 1906; A. Tighe, Journ. Soc. Chem. htd., 25, 681, llk)7; (). Ruff and E. 
Schiller, Zeit. anorg. Chem., 72, 329, 1911; E. Meimberg, Zeit. anyew. Chem., 26, 83, 1913; 
E. Meimberg and Winzer, ib., 26, 167, 1913; C. Wenzel, Amtl. A/Jor. Quini. Argentina, 
(2), 297, 1923. For other methods proposed for the separation of columbium and tantalum, 
see H, B. Merrill, Journ. Amer. Chem. Soc., 43, 2378, 1921; G. W. Sears, ib., 48, 343, 1926; 
51, 122, 1929; D. D. Peirce, ib., 53, 2810, 1931; H. Pied, Compt. rend., 179, 897, 1924; 
O. Ruff and F. Thomas, Zedt. anorg. Chem., 156, 213, 1926; V. Scharz, Amtexr. Chem., 47, 
228, 1934. 

» Or 2KF.CbOF,.HjO. G. Kruss and L. F. Nilson, Ber., 20, 1676, 1887. 

® O. Hauser and A. Lewite, Zeit. angew. Chem., 25, 100, 1912. 
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§ 227. Schoeller^s Process. 

The following is an attempt to combine the subject-matter of the numerous 
papers of Schoeller and co-workers so as to give in the most general case the 
main outlines of a scheme for the analysis of a mineral containing coluinbium 
and tantalum. 

Opening-up.^ —Fuse 0*5 grm. of the very finely powdered substance with 
about 4 grins, of silica-free potassium bisulphate in a silica crucible until all is 
in a quiet state of fusion. Rotate the crucible so as to spread the melt over 
its sides and then cool. Add about 40 c.c. of a hot 10 per cent, solution of 
tartaric acid to the contents of the crucible and stand for some time. Transfer 
the loosened mass to a 400 c.c. beaker and thoroughly rinse the crucible with 
hot water. 

Removal of Silica .- — The extract and washings, from the above, which 
should occu])y about 100 c.c., are stirred coniimiousj g until the cake has dis- 
integrated, after which the liquid is heated to incipient boiling, but at no time 
during this procedure should the precipitate be allowed to settle. The silica 
which separates is filtered off, washed, ignited and weighed as usual. After 
treatment with hydrofluoric and sulphuric acids, the silica residue,^ if any, is 
fused with a fragment of potassium bisulphate. The melt is extracted, as 
previously, with a little tartaric acid solution and the solution from the cake 
added to the filtrate from the silica. 

Removal of Tin^ Antimony ^ e/c.— The combined solutions are treated with 
5 c.c. of 10 per cent, sulphuric acid, heated to 70^-80*^ and saturated with 
hydrogen sulphide until cold. After standing the beaker for some hours in a 
warm place, the precipitate is filtered off and washed with acidulated hydrogen 
sulphide water.* 

Precipitation of Cohmbic and Tantalic Acids- Major Fraction.^ The 
filtrate from the hydrogen sulphide precipitation is treated with 30 to 35 c.c. 
of concentrated hydrochloric acid and boiled for a few minutes, when the 
bulk of the columbic and tantalic acids is precipitated, together with variable 
amounts of tungstic acid,® zirconium and titanium, if these are present. 
Some filter-paper pulp is added and the precipitate is left to settle, after which 
it is filtered off, washed with 2 per cent, hydrochloric acid and ignited in a 
weighed silica crucible. 


^ W. R. Schoeller, Annhjst, 56 , 304, 1931. For reviews of analytical methods, see 
W. R. Schoeller, Analyst^ 61 , 806, 1936; The Analytical Chemistry of Tantalum and Niohium, 
London, 1937; L. Rleyenheuft, Iny. Chim., 20 , 165, 1936. 

* W. R. Schoeller and A. R. Powell, Analyst, 53 , 258, 1928; W. R. Schoeller, ib., 59 , 
667, 1934. 

* The residue may contain lead and barium sulphates and also tin oxide. For the separa- 
tion of tin from columbium, tantalum and silica, see W. R. Schoeller and H. W, Webb, 
Analyst, 56 , 800, 1931. 

* The sulphide precipitate may contain a little columbic and tantalic acids. These are 
recovered by dissolving the precipitate in 8 c.c. of sulphuric acid and enough nitric acid to 
destroy the organic matter. After fuming off the excess of nitric acid, cool, add 10 c.c. 
of 20 per cent, tartaric acid, 25 c.c. of warm water and a moderate excess of ammonia. Pour 
the mixture into a freshly prepared solution of yellow ammonium sulphide to precipitate 
copper and bismuth sulphides. Filter and acidify the filtrate with acetic acid to precipitate 
antimony sulphide — E. F. Waterhouse and W. R. Schoeller, Analyst, 57 , 284, 1932. 

® W. R. Schoeller and H. W. Webb, Analyst, 54 , 704, 1929. 

* Note that the balance of the tungstic acid is not all brought down in the subsequent 
tannin precipitation — W. R. Schoeller and C. Jahn, Analyst, 59 , 465, 1934, Compare W. R. 
Schoeller and E. F. Waterhouse, Analyst, 449, 1936. 
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Removal of Iron and Manganese} — The filtrate and washings from the 
previous operation are evaporated down to about 20 c.c. After reduction of 
the iron to the ferrous state by hydrogen sulphide, a good excess of concen- 
trated ammonia and about 10 c.c. of freshly prepared ammonium sulphide 
solution are added. The whole of the iron and all but a few mgrms. of the 
manganese are precipitated. The precipitate is allowed to settle in a warm 
place for some hours, then filtered off and washed with warm water containing 
a little ammonium chloride and sulphide. ^ 

Recovery of the Balance of the Columhic and Tantalic Acids} — The filtrate 
and washings from the iron and manganese precipitation are slightly acidified 
with acetic acid and boiled until all the hydrogen sulphide has been expelled. 
A concentrated, freshly prepared solution of 1 grm. of tannin in water is added 
to the boiling solution. The balance of the coluinbic and tantalic acids, 
titanium and zirconium are precipitated, together with any aluminium which 
may be present ^ and some but not all of tin* balance of the tungstic acid. 
The precipitate is coagulated by standing on a water bath, filtered off and 
washed ® with a 2 per cent, solution of ammonium chloride, containing 
0*05 per cent, of tannin. It is then ignited in the cnicibh^, containing the 
major fraction of the coluinbic and tantalic acids, and weighed. 

In the most general case the precipitate contains tantalum, columbium, 
titanium, zirconium, hafnium, aluminium, tungsten, uranium, thorium and 
rare earths. 

Separation of Cohmhium^ Tantalum and Titanium} jirecipitate is 

fused up with sodium bisulphate and the cold melt is dissolved in a saturated 
solution of ammonium oxalate (3 grms.). The boiling solution is gradually 
neutralised with LON-ammonia solution until a faint opalescence a})pcars, 
which is then cleared up by adding the minimum amount of l*ON-hydrochloric 
acid. After adding an equal volume of saturated ammonium chloride solution, 
the boiling is continued and a 5 p<*r cent, solution of tannin is added drop by 
drop from a burette. Stand on a hot plate until the solution clears. Filter, 
wash with a 5 per cent, solution of ammonium chloride, containing 1 per cent, 
of ammonium oxalate, and ignite. 

The precipitate is again fused up with sodium bisul])hate, the whole process 
of extraction and precipitation being repeated exactly as above. The final 
precipitate should now consist solely of columbium, tantalum and titanium 
oxides.’ 

Separation of Titanium from Columbium and Tantalum. — For full details 
see Section 280, page 565. Where a subsequent separation of columbium and 


' W. R. 8 choeller, Analyst., 59 , 667, 1934. Uranium is not precipitated by ammonium 
sulphide in ammoniaeal tartrate solution — W. R. »Seboeller and H. W. Webb, Anulysty 
58 , 143, 1933. 

* The iron and manganese are subsequently separated by the basic acetate process (see 
page 383). The iron is determined as oxide and the manganese as phosphate. 

* W. R. Schoeller and H. W. Webb, AimJyst. 54 , 704, 1929; W. R. Schoeller, ib.y 56 , 
304, 1931 ; 59 , 667, 1934. 

* Thorium and the rare earths, if present, will also be precipitated; as will some phos- 
phorus and vanadium, if present — W. R. Schoeller and H. W. Webb, Analyst, 61 , 585, 1936. 

® For details of filtering and washing, see R. Schoeller, Analyst, 56 , 308, 1931. 

* W. R. Schoeller and A. R. Powell, Analyst, 57 , 550, 1932. 

^ Assuming that tungsten is absent; if present the precipitate will probably contain 
more or less tungstic oxide. In this case the mixed oxides are fus(?d with potassium carbonate 
and the aqueous extract of the melt is treated with a slightly ammoniaeal magnesium salt 
solution, when the earths are precipitated, while alkali tungstate remains in solution. A 
double precipitation should be made — A. R. Pow'cll, W. R. Schoeller and C. .lahn, Analyst, 
60 , 506, 1935. 
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tantalum is not necessary, the titania can be determined colorimetrically, and 
its weight deducted from the weight of mixed oxides. 

Separation of Columbium and Tantalum } — This separation is based on the 
facts that whereas both columbium and tantalum are precipitated by tannin 
from their ammoniacal oxalate solutions, only tantalum is precipitated in 
slightly acid solution. However, when both are present some columbium 
will be co-precipitated with the tantalum. 

As the tantalum-tannin complex is yellow and that given by columbium 
is red, the presence of the latter is shown by the orange colour of the tannin 
precipitate. 

Since co-precipitation is unavoidable, fractional precipitation must be 
applied and the method seeks to produce (1) a columbium-free tantalum 
fraction, (2) a mixed columbium-tantalum fraction, and (3) a columbium 
filtrate free from tantalum. The middle fraction is refractionated into three 
similar fractions and the middle one of these again fractionated. All the pure 
yellow tantalum precipitates are ignited together and all the filtrates are 
combined and the columbium in them precipitated by tannin in ammoniacal 
solution. For full experimental details, the original paper should be consulted.^ 

^ W. R. Schoeller, 57 , 750, 1932. 

® W. R. 8 olioellcr and C, Jahn (Anatyat, 51 , 619, 1926) hav(* described a voIuinetHc process 
for the simultaneous determination of columbium and tantalum, which gives approximate 
results. Compare A. R. Powell, W. R. Schoellcr and C. Jahn, Analyst^ 60 , 513, 1935. For 
a colorimetric method for columbium and tantalum, set^ N. F. Krivoshlykov and M, H. 
Platonov, Journ, App. Chem. 10 , 184, 191, 1937. 



CHAPTER XXXI. 


DETERMINATION OF GOLD, PLATINUM AND SELENIUM. 

§ 228. The Detection of Gold. 

In the normal schemes of qualitative analysis gold is precipitated with those 
metals whose sulphides are insoluble in acid solution; in cold solution a 
brownish-black sulphide is precipitated, while brown metallic gold is precipitated 
from hot solutions. Gold solutions are reduced by many reagents, e,g. ferrous 
sulphate and stannous chloride, giving colloidal solutions of gold with a 
marked coloration. 

Tests for Gold, - (1) Pozzi-EscoV sTest } — The solution is acidified, if necessary, 
with formic acid and a few drops of a solution of phenylhydrazine hydro- 
chloride are added. The least trace of gold is shown by the production of a 
bluish-violet colour by transmitted light. 

(2) Malatesta and Nola's Test}— Traces of gold give an intense blue colour, 
changing to purple, when the solution is treated with a solution of benzidine.® 
In the presence of free acetic acid the colour is green, which changes to blue on 
adding excess of the reagent. One part of gold can be detected in 300,000 
parts of solution. Platinum salts ^ after 10 minutes give a blue flocculent 
precipitate, sensitive to 1 in 80,000; iron also gives a blue colour which is 
stable only in the presence of excess of benzidine. 

(3) Pollard's Test } — One part of gold in a million of water can be detected 
by the bright yellow colour given on adding 1 c.c. of a solution of ortho- 
tolidine,® and in a solution containing one part of gold in 20 millions of water the 
yellow colour can just be detected in a depth of 10 cms. of liquid. Ruthenium, 
iron, osmic acid and vanadates also give yellow colours, but no other metals. 
In the presence of copper the colour is green. As the test is also given by 
chlorine, it is essential that free chlorine should be absent. Reducing agents, 
especially nitrous acid, vitiate the test, and large amounts of strong mineral 
acids should be absent.’ 


^ M. E. Pozzi-Escot, Ann. Chim. anal., 12, 90, 1907. 

* G. Malatesta and E. di Nola, Boll. Chim. farm.., 52 , 461, 1913; N. A. Tananev and 
K. A. Dolgov, Joum. Russ. Phys. Chem. 80c., 61 , 1377, 1929. 

* Benzidine Reagent. — Dissolve 1 grm. of benzidine in 10 c.c. of glacial acetic acid 
and 60 c.c. of water. 

* For the reactions of the platinum metals with benzidine, see S. C. Ogbum, junr., Joum. 
Amer. Chem, Soc., 48 , 2499, 1926; V. G. Chlopin, Ann. Inst. Plaline, 4 , 324, 1926. 

® W. B. Pollaid, Analyst, 44 , 94, 1919; Bull. Inst. Min. Met., No. 223, 1923. 

* Oktho*tolidine Reagent,— D issolve 1 grm. of o-tolidine in a litre of 10 per cent, 
hydrochloric acid. 

’ For other colour reactions of gold, see J. E. Saul, Analyst, 38 , 64, 1913; H. I. Cole, 
Phillipim Joum. 8ci., 21 , 361, 1922; P. Sporcq, Bull. Soc. chim. Belg., 38 , 21, 1929; H, Holzer, 
Mihrochem., 8 , 271, 1930; H. Holzer and W. Reif, Zeit. anal, Chem., 92 , 12, 1933; K. Bihl- 
maier, MiU. Forsch. Inst. Probier. EddmeUdh, 8 , 86 , 1934. 
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§ 229. The Detection of the Platinum Metals. 

Like gold, all the platinum metals are precipitated by hydrogen sulphide 
from solutions containing 2*5 to 3 per cent, by volume of free hydrochloric 
acid, except iridinm, which needs an acid concentration of 20 per cent, by 
volume for complete juecipitation. From a solution of all six metals, osmium 
and ruthenium are conveniently removed as their volatile tetroxides by 
distillation in a current of chlorine.^ Sec page 475. 

Tests for Falladium. (1) Palladium alone of the platinum metals is pre- 
cipitated in cold hydrochloric acid solution by a 1 })er cent, alcoholic solution of 
dimethylglyoxime/*^ The preci})itate is yellow’. 

(2) Fei(jl (Did Krumhoh's Test.^ — 1 c.c. of a faintly acid solution is boiled 
with 5 drops of a 5 per cent, .solution of phosphomolybdic acid and treated with 
a rapid current of carbon monoxide. A blue or green colour i.s produced 
within a few minutes, depending on the amount of palladium present. The 
reaction is said to detect 1 jiart of palladium in 40,()0(),()(K) of solution. The 
other platinum metals do not interfere; gold, mercury and ferric iron diminish 
the sensitivity. Arsenic acid in concentrated .solution and also ar.senious acid 
give a blue colour. Strong oxidising and reducing agents should be ab.sent. 

Test for Pldtinum.—ln hydrochloric acid solution ])latinum salts give 
with stannous chloride a colour which varies from yellow, through orange, to 
red, according to the amount of platinum present.^ On standing, or more 
rapidly on w’arming, the colour darkens and the solution may hnally be(;ome 
black. Organic matter must be absent, as it gives a similar coloration wdth 
stannous chloride. The j)re.sence of oxidising agents is for obvituas reasons 
inadmissible. 

Tests for Bhodhim. — The platinum complex formed in the above test is 
soluble in ethyl acetate. Hence by shaking the solution twice wdth twice its 
volume of ethyl acetate the platinum can be extracted. Rhodium can be 
detected in the aqueous solution (1) by boiling, when a browui colloidal solution 
of the metal is obtained w’hich develops a line crimson colour on standing,"* or 
(2) by the red colour given on the addition of alkali iodide.® This latter 
coloured complex is likewise soluble in ethyl acetate so that, after standing 
for 1 to 2 hours for the colour to develop, extraction with ethyl acetate removes 
the rhodium. 

Tests for Iridium, — (1) If the aqueous solution above, left after extraction 
of the rhodium, be treated with chlorine water, a brown colour is formed if 
iridium is present.*^ 

(2) Tetravalent iridium in 0*()()1 per cent, solution gives a sky-blue colour 
with benzidine.® 


^ For schemes for the detection and qualitative separation of the platinum metals, see 
H. Wdlbling, Ber., 67 B, 773, 1934; S. C. Ogbum, junr., Journ, Amer, Chem, Soc., 48 , 2507, 
1926; S. 0. Thompson, F. E. Beamish and M. Scott, Ind. Eng. Ghem. Anal. Ed., 9 , 420, 1937. 

® M. Wimder and V. Thuringer, An?t. Chim. anal., 17 , 201 , 1912; S. C. Ogbum, l.c., 48 , 
2508, 1926; P. 0. Putnam, E. J. Roberts and 11. IT. Selchow, Amer. Journ. Sci., (5), 15 , 
423, 1928; H. Wolbling, Ber., 67 B, 773, 1934. 

® F. Feigl and P. Krumholz, Ber., 63 B, 1917, 1930. For the detection of palladium by 
derivatives of 8 -hydroxyquinoline, see G. Gutzeit and H. Monnier, Helv. Chim. Acta, 16 , 
223 1933. 

* L. Wohler, Verh. deut. Naturforsch. Aerzie, ( 2 ), 105, 1907; E. Langstein and P. H. 
Prausnitz, Chem. Ztg., 38 , 802, 1914; S. C. Ogbum, l.c., 48 , 2497, 1926; H. WOlbling, Ber,, 
67 B, 773, 1934. 

^ V. N. Ivanov, Journ. Ru^s, Rhys. Chem. 80 c., 49 , 601, 1917; 50 , 460, 1918. 

» H. Wolbling, he. ’ H. wolbling, l.c, 

® V. G. Chlopin, Ann. InM. Platine, 4 , 324, 1926. 
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(3) The Holution evaporated to dryness and the residue heated with a 
slight excess of concentrated siiljdiuric acid to ex])el chlorine. After cooling 
slightly, ammonium nitrate is added in successive small quantities; the 
heating is continued and more ammonium nitrate added, when a deep blue 
colour is formed, if only 0*001 mgrm. of iridium is present. Gold, platinum, 
rhodium and ruthenium do not interfere, but in the presence of the first metal 
the colour is green. ^ 

Test for Osmium. Tschugaev's Test .^ — Osmium as osmic acid or osmichloride, 
when warmed for a few minutes with an excess of thiourea and a few drops of 
hydrochloric acid, gives a deep red to rose-coloured solution. As the test 
fails in the presence of nitric acid, which destroys the thiourea, an excess of 
sulphurous a(?id should be added, followed by a few crystals of thiourea, and 
the solution, warmed on a water bath. The test will detect one j)art of osmium 
in a million.^ 

Tests for Ruthenium. (1) Wohler and Metz^s Test.^~ -Whan a solution 
containing ruthenium is heated for a short time with thiocarbanilide and 
hydrochloric acid, a blue colour is produced which can be extracted with ether. 
The test is sensitive to 0-()03 mgrm. of ruthenium jier c.c. Under similar 
conditions osmium gives a red complex soluble in ether. 

(2) Wolbling and Steigeys Tesl.^-~-K 0*2 per cent, solution of rubianic acid, 
(NHgf 'S),^, in glacial acetic acid gives a strictly specific blue coloration with 
neutral or slightly acid solutions of ruthenium salts. The colour develops 
slowly in the cold, but rapidly at 100°. The reaction will detect 0*0002 mgrm. 
of ruthenium. 

§ 230. The Precipitation of Gold and Platinum. 

As stated already, gold is ])Tecipitatedfrom cold acid solutions by hydrogen 
sulphide as a dark brown sulphide if the solution be hot, some metallic gold 
is also preci])itated. The sulphide dissolves in alkali monosulphide extremely 
slowly, but a little more quickly in the })tdysulphidc and forms a brownish-red 
solution.’^ If, therefore, the attempt be made to separate gold from the 
precipitate of mixed sulpliides by ammonium or sodium monosulphide, part 
of the gold will be found with the tin, antimony and arsenic ; and part with the 
metals insoluble in alkali sulphide.® 


^ L. dc Boisbaudran, Compi. rend.j 96 , 1336, 1883; J\ E. Browning, intredvetion to the 
Rater Elcnmils^ Now York, 177, 1908; V. N. Ivanov, Journ. Huns. Rhys. Chem. Soc., 44 , 
1772, 1912; Chew. Ztg., 37 , 157, 1913; Chem. Zeittr., ( 1 ), 844, 1913. 

* L. Tfichugaev, Compt. rend.^ 167 , 235, 1918; II. Gilchrist, Bur. Standards Journ. Research, 
6 , 421, 1931; »S. 0. Ogburn, l.c.; H. Wolbling, Lc. 

* Under similar conditions ruthenium gives a green to blue solution — L. Wohler and 
L. Metz, Zeit. anorg. Chem., 138 , 368, 1924. 

* L. Wohler and L. Metz, /.r.; H, Romv, Zeit. angetr. Chem., 39 , 1061, 1926; S. C. 
Ogburn, l.e.\ H . Wolbling, l.c. 

* H. Wolbling and B. Steiger, Mikrochem., 15 , 295, 1934. For other colour reactions 
of osmium and ruthenium, see B. Steiger, ib., 16 , 193, 1935. 

® A, Levol, Atm. Chim. Rhys., ( 3 ), 30 , 356, 1850; U. Antony and A. Lucchesi, Gazz. 
Chim. Hal., 19 , 545, 1889; 20 , 601, 181K); 26 , ii, 350, 1896; L. Hoffmann and G. Kruss, 
Bet., 20 , 2369, 2704, 1887; W. Bettel, Chem. News, 56 , 133, 1887; J. Riban, Bull. 80 c. chim., 
(2), 28 , 241, 1877; W. Langhuth, Oester. Zeit. Berg. Hulten., 41 , 148, 1893. 

’ A Ditto, Compi. rend., 120 , 320, 1895; U. Antony and A. Lucchesi, Qazz. Chim. Hal., 
26 , ii, 350, 1896. For the action of alkali sulphides on silver sulphide, see A. Ditte, Compi. 
rend., 120 , 91, 1895. 

* To facilitate subsequent filtration, R. Gaze {Apoth. Ztg., 27 , 959, 1912) adds not less 
than 0*5 nor more than 10 per cent, of mercuric chloride and warms up to 80° or 90*^ before 
and after “gassing’* the solution. 
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What has here been stated with respect to gold sulphide might be repeated 
for platinum sulphide. The solubility of platinum sulphide in ammonium or 
sodium monosulphide is facilitated by the presence of arsenic and other 
sulphides.^ 

On account of the difficulty involved in separating gold and the platinum 
metals from the other members of the hydrogen sulphide group, it is best to 
separate these elements before precipitating the hydrogen sulphide group ; or to 
redissolvc the hydrogen sulphide precipitate in acids and separate the gold and 
platinum metals from the solution of the sulphides. To precipitate gold and 
platinum, advantage is taken of the ease with which their compounds are 
reduced to the metal. Various reducing agents are available: sulphurous 
acid, 2 oxalic acid,^ ferrous chloride (or sulphate),^ hydrazine hydrochloride (or 
sulphate),® hydroxylamine hydrochloride,® alkaline formaldehyde solutions,'^ 
alkaline hydrogen peroxide solutions,® chloral hydrate,® magnesium,^® nickel, 
hypophosphorous acid, cane sugar,^® benzidine, and other reagents.^® 

Sulphurous acid, oxalic acid and hydrazine hydrochloride are most con- 
venient. The choice of the right precipitating agent is determined by the 
nature of the accompanying elements. The precipitation of gold by these 
reducing agents generally leads to low results. For instance, Hofimann 
found : 


^ V. N. Ivanov, Journ. Umfi, Phys. Chem. aS'oc., 48, 527, 1916. 

* P. Berthier, Ann, Chitn. Phys., (3), 7, 82, 1843; V. Lcnher, Journ, Artier. Cham. Soc.y 
35, 546, 1913; M. K. Dicmer, ib., 35, 552, 1913. 

® L. Hoffmann and G. Kriiss, Liebig's Ann., 238, 66, 1887; Cham. News, 56, 83, 1887; 
A. Bechamp and C. St Pierre, Compl. rend., 52, 757, 1861 ; Chem. News, 4, 284, 1861 ; M. 
Wunder and V. Tiniringer, Zent. anal. Chem., 52, 660, 1913. 

** L. Hoffmann and G. Kriiss, Liebig's -4ww., 238, 66, 1887; Chem. News, 56, 83, 1887; 
L. Hoffmann, UrUersuchuny iiber das Gold, Erlangen, 11, 1887. 

® P. Jannasch and O. von Mayer, Her., 38, 2129, 1905; A. Chrisionsen, Z/eit. anal. Chem., 
54, 158, 1915; Archiv pharrn. Cham., 22, 105, 1915 (gold is reduced in the cold, platinum 
with heat); I. N. Plaksin and M. A. Koyukhova, Tzvetnuie Metal., 6, 35, 1931; Chim, et 
Ind., 27, 1086, 1932. 

* C. Winkler, Bar., 22, 890, 1889; A. Lainer, Manats., 12, 639, 1891; P. Jannasch and 
0. von Mayer, Ber., 38, 2129, 1905. 

^ L. Vanino, Ber., 31, 1763, 1898; Zeit. Chem. Ind. Roll., i, 272, 1906; V. Lenher, Journ. 
Amer. Chem. Soc., 35, 546, 1913; J, A. Muller and A. Poix, Bull. Boc. chim., (4), 33, 717, 1922. 
For formic acid, see W. Bettel, Chem. News, 56, 133, 1887; V. Lenher, loc. cit.; W. CEchsner 
de Coninck and W, Chauvenet, Ann. Chim. anal., 21 , 114, 1914. 

* Mutual reduction. — L. Vanino and L. Seemann, Ber., 32, 1968, 1899; Chem. News, 82, 
70, 1900; L. Rossler, Zeit. anal. Chem., 49, 739, 1910; P. Drawe, Zeit. angew. Chem., 33, 272, 
1920. 

» P. J. Dlrvell, Bull. Soc. chim., (2), 46, 806, 1886. 

C. Scheibler, Ber., 2, 295, 1869; A. Villiers and F. Borg, Compt. rend., u6, 1524, 

1893. 

V. Goldschmidt, Zeit. anal. Chem., 45, 87, 1906. 

F. Treubert, Dissertation, Munchen, 1909; L. Moser and M. Niossner, Zeit. anal. Chem., 
63, 240, 1923. 

P. Leidler, Zeit. Chem. Ind. Roll., 2 , 103, 1907. 

G. Malatesta and E. di Nola, Boll. chim. farm., 52, 461, 1913. 

For lactic acid, acetone, phenol and aniline in alkaline solution, and pyrogallol and 
quinol in acid solution, see V. Lenher, Journ. Amer. Chem. Soc., 35, 546, 1913; F. E. Beamish, 
J. J. Kussell and J. Seath, Ind. Eng. Chem. Anal. Ed., 9, 174, 1937; J. Seath and F. E. 
Beamish, ib,, 9, 373, 1937; F. E. Beamish and M. Scott, ib., 9, 460, 1937; for tetraethyl- 
ammonium iodide, see J. L. Maynard, ib., 8, 368, 1936. For mercuric iodide, see D. Nider, 
KoU. Zeit., 44, 139, 1928. For the micro- volumetric determination of gold by precipitation 
with quinol, see W. B. Pollard, Analyst, 62, 597, 1937. 

L. Hoffmann, Untersuchung uber das Gold, Erlangen, 11, 1887; E. PHwoznik, Oester. 
Zeit. Berg. Butt., 59, 639, 1911; W. Langhuth, ib., 41, 148, 1893; W. Bettel, Chem. News, 
56, 133, 1887. 
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Table LI I, — Comparison of Differe^it Precipitating Agents for Gold. 


Precipitating agent. 

Gold 

taken. 

Gold 

found. 

Per cent, 
loss. 

Sulphurous acid 

3- 12360 

3-11916 

0-14 

Sulphurous acid 

2- 14739 

2- 14688 

0-03 

Oxalic acid 

2- 15292 

2-1.5040 

0-12 

Ferrous chloride 

1-65596 

1-65535 

0-04 


This loss arises from the fact that the gold is precipitated in a very fine state 
of subdivision and minute particles of gold pass through the filter-paper. In 
consequence, it is best to work with solutions as concentrated as possible and to 
let the mixture stand in contact with the acid mother liquid for some time in a 
warm j)lace, agitating the solution thoroughly from time to time. This 
treatment favours the coagulation of the particles of gold and thus facilitates 
‘ ‘ clean ’ ' filtrations.^ 

Precipitation by Sulphurous Acid. — The acid solution under investigation is 
concentrated on a water bath until crystals begin to form as a drop of the 
solution is cooled on the end of a glass rod. Add sufficient water to dissolve all 
the crystals ^ and digest the solution for half an hour on a water bath with an 
excess of sulphurous acid. At the end of that time the liquid should be clear 
and smell of sulphur dioxide. The addition of sulphur dioxide from time to 
time may be necessary. The solution is then filtered and the metallic gold 
washed with dilute hydrochloric acid and ignited in a weighed porcelain 
crucible. 

This precipitating agent is superior to both oxalic acid and ferrous chloride. 
There is no danger of loss by spurting, as occurs with oxalic acid, which decom- 
poses with the formation of carbon dioxide; and the precipitated gold is more 
easily washed free from salts than is the case when ferrous salts are used. The 
time needed for complete precipitation — half an hour — is shorter than that 
needed for complete precipitation with oxalic acid or ferrous chloride. If 
selenium be present, it will be precipitat-ed with the gold. If platinum be 
present and the solution be not sufficiently acid, the precipitated gold will be 
contaminated with platinum, and the results for gold will then be a little 
high. Oxalic acid, however, gives the best separations of gold from platinum, 
although in separating gold from platinum it is usual first to precipitate the 
latter metal as ammonium or potassium chloroplatinate. Sulphurous acid 
gives better separations of gold from palladium than ferrous chloride or oxalic 
acid, while there is little to choose between these three agents for the separation 
of gold from iridium, rhodium and ruthenium. 

A large excess of hydrochloric acid generally retards the precipitation of 
gold. Nitric acid is, naturally, supposed to be absent; this is removed by 


^ J. Volhard (Liebig's Ann., 198 , 331, 1879) recommends warming the gold solution with 
mercuric oxide on the water bath. The particles of gold are said to aggregate with the 
mercuric oxide and are, in consequence, easily filtered and washed. The mercuric oxide 
volatilises on ignition. 

* The gold chloride may be partially decomposed into metallic gold during the evaporation. 
This does not matter* 
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repeated evaporation with hydrochloric acid.^ No notice need be taken of any 
separation of gold during the evaporation. 

Precipitation by Oxalic Acid , — The solution is concentrated as described 
above, and the acid solution is neutralised and warmed with oxalic acid, until 
further additions of oxalic acid give no further separation of gold.^ The 
reduction is best made in a covered vessel, on account of the risk of losses by 
the spurting which attends the oxidation of the oxalic acid to carbon dioxide. 
The vessel is allowed to stand in a warm place for about 24 hours, and the 
metallic gold is filtered, washed with water, ^ ignited in a porcelain crucible and 
weighed as metallic gold. 

The oxalic acid juocess is not satisfactory in the separation of gold from pal- 
ladium, since some of the palladium is preci])itated with the gold — about 0*5 
per cent, is precipitated. When lead is ])resent, it will be precipitated as 
oxalate with the gold. Hence the lead must be removed or another precipi- 
tating agent must be substituted. If the lead be removed as sulphate, there 
is a danger of the latter carrying down some of the gold. If much lead and 
little gold be present, probably all the gold will ))e found with the precipitate 
of lead sulphate.^ Selenium and molybdenum are not precipitated; but if 
insufficient hydrochloric acid be ])resent, tellurium, if present, may give a 
precipitate which is removed from the gold by washing with hydrochloric acid. 
If much copper be present, the gold will be contaminated with copper oxalate, 
even if a great excess of hydrochloric acid be used. To separate the gold from 
the copper oxalate, Purgotti® proposes the following process: — Evaporate the 
aqua regia solution on a water bath to dryness, dissolve the residue in water, add 
oxalic acid and digest the mixture in a warm place for 48 hours. Neutralise the 
boiling solution with potassium hydroxide. If a great excess of oxalic acid has 
not been added, more wdll be needed so as to form a soluble double copper and 
potassium oxalate, which imparts an ultramarine blue tint to the solution. 
The precipitated gold can then be filtered from the solution and washed in the 
usual manner. When the above-mentioned disturbing elements are present, it 
is best to use the sulphurous acid or the hydrazine process.® 

^ It is interesting to observe in this connection that the eva 2 )<>rnt{on of alkali nitratts to 
dryness a number of tirne^ with hydrochloric acid is not sufficient to effect the complete conversion 
of the nitrates to chlorides. For instance, 0*1893 grm. of potassium nitrate gave after a number 
of evaporations: 

Evaporation . . First. Second. Third. . . . Ninth. . . . Twelfth. 

Potassium nitrate . . 0 1136 0*0581 0*0149 . . . 0*(K)13 . . . 0*0013 grm. 

B. Lucanus {Zeit. anal. Chem., 3 , 403, 1864) prefers to ignite the alkali nitrate with four to six 
times its weight of grape sugar, so as to form the carbonate; and when this is treated with 
hydrochloric acid, the chloride will be obtained free from the nitrate. 

® Note that most of the oxalates (excepting those of the alkalies and magnesium) are but 
sparingly soluble in neutral and feebly acid solutions. Some dissolve in alkalies and all 
cfissolve in concentrated mineral acids, while some are almost insoluble in dilute acids — e.g. 
copper oxalate in dilute nitric acid (0. Luckow, Zeit. anal. Chem.^ 26 , 9, 1887; Chem. News, 
55 , 73, 1887; G. Bomemann, Chem. Ztg., 23 , 565, 1899; H. L. Ward, Zeit. anorg. Chem., 
77 , 257, 269, 1912) — hence, when other metals are present, the solution should be sufficiently 
acid to prevent the separation of insoluble oxalates. 

® If some of the less soluble oxalates be presemt, they can be removed by washing the 
precipitated gold with dilute hydrochloric acid. 

* C. Whitehead, Chem. News, 66 , 19, 1892. 

* E. Purgotti, Zeit. anal, Chem., 9 , 128, 1870. 

« R. Fresenius {Quantitative Chemical Analysis, London, I, 477, 1876) says that the oxalic 
process is not satisfactory in the presence of lead, mercurous and silver salts. Since the 
determinations are usually made in hydrochloric acid solutions, if the solution be dilute, 
practically all the silver will be precipitated as chloride. Mercurous salts cannot remain in 
contact with gold trichloride without reducing the latter, so that if mercury and gold are 
present together in solution, the mercury must be in the higher state of oxidation. 
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Frecipitalion by Hydrazine Hydr()e}doride- ~l^ydiT*d>7Ane. hydrochloride may 
be used to precipitate ^old from neutral, acid or alkaline solutions contain- 
ing potassium, sodium, barium, strontium, calcium, magnesium, aluminium, 
chromium, zinc, manganese, iron, uranium, nickel, cobalt, cadmium, mercury, 
lead, copj)er, but not tin.^ When platinum metals are associated with the gold 
in a solution, the gold may be first precipitated by adding hydroxylamine 
hydrochloride to the solution acidified with hydrochloric acid and digesting the 
mixture on a water bath for some time. The filtrate must be tested to make 
sure that all the gold is })rocij)itated, because hydroxylamine hydrochloride is 
not so vigorous an agent as the hydrazine salt. The ])alladium, iridium, 
j)latinum, rhodium and osmium remain in solution. The first four elements, if 
present, are j)reci}>itated by hydrazine hydrochloride in alkaline solution, but 
not in acid solutions.*^ 

§ 231. The Separation of Gold and Platinum from Tin, 
Arsenic and Antimony. 

The tin group of elements cannot be quantitatively separated from the 
goId-])latinum group by reducing agents; nor can tin be dissolved from the 
platinum metals by treatment with acids; and the sul])hides cannot be 
separated by concentrated hydrochloric acid nor by sodium hydroxide. The 
volatilisation of tin sulphide in a stream of hydrogen sulphide is tedious and 
slow. The chlorides of tin, antimony and arsenic can be volatilised in a stream 
of chlorine or liydrogen chloride. The volatilisation of the bromides in a 
stream of bromine gives Ixdter results. 

VolafilisridoH Process, Transfer the washed suj])hides to a [K>rcelain boat 
along with the filter-[)a))(‘r a.^h.^ Place the boat B in a hard glass combustion 
tube and ]aiss a stream of dry bromine or hydrogen chloride through the tube 
while the boat is heated as indicated in fig. 104. The exit tube leads into an 
absor])tion flask A containing dilute hydrochloric acid. The bromides or 
chlorides of arsenic, antimony and tin volatilise and are retained in the absorp- 
tion flask; any sublimate in the tube is driven away from the boat by means 
of the nakxMl fiame from a Bunsen burner. The gold and platinum remain in 
the boat.^ The combustion tube is washed with dilute hydrochloric acid and 
the washings run into the absorption fla.sk. The tin, arsenic and antimony in 
the latter can be determined in the usual manner. The process is accurate but 
it occupies a long time. 

DirvelVs Process /^ — Dissolve the jirecipitated sulphides in aqua regia. Add 
a small quantity of a saturated neutral solution of sodium oxalate and of oxalic 
acid. Then add a considerable excess of sodium hydroxide — pure by alcohol. 
No notice need be taken of any separation of sodium oxalate. Heat the 

^ In acid solution, mercury and coppc»r may be partially precipitatc^d, and platinum after 
it has been reduced to the dichloride — A. Christensen, Zeit. amil. 54 , 158, 1915. 

* Osmium and ruthenium are only partially precipitated in alkaline solution by the 
hydrazine salt and not at all in acid solutions. 

* The filter-paper is separated from the sulphides and burned alone. The sulphides may 
also be intimately mixed with 3-5 times their weight of ammonium chloride and their own 
weight of ammonium nitrate and calcined. The gold and platinum remain in the crucible. 

* B. Fresenius, Zeit, ntial. Chem.t 25 , 200, 1886; L. Whhler and A. Spengel, i6., 50 , 165, 
1911; L. L. de Koninck and A. Lecrenier, Rev. Univ. Mines, (3), 2 , 98, 1888; L. Eisner, 
Jotim. prakt. Chem., (1), 35 , 310, 1845; A. Bdehamp and C. 8 t. Pierre, Compt. rend., 52 , 
767, 1861; P. de Clermont, ib., 88 , 972, 1879; G. Campari, Ann. di Chim., (3), 74 , 1, 1882; 
T. Bailey, Journ. Chem, 80 c., 49 , 735, 1886; U. Antony and L. Niccoli, Oazz. Chim. Ital., 
22 , ii, 408, 1892. 

M>. J. Dirvell, Btdl. Sac. chim., ( 2 ), 46 , 806, 1886. 
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solution to boiling and while boiling add, drop by drop, a solution of chloral 
hydrate. Boil the solution under a hood.^ When an excess of chloral hydrate 
has been added and the gold and j)latinum have preci])itated, filter the boiling 
solution, wash and weigh the mixed metals in the usual manner. The filtrate 
is diluted with water and boiled to drive off the chloroform. The antimony, 



Pio. 104. — The Separation of the Tin from the Gold- Platinum Group. 


arsenic and tin are determined in the filtrate in the usual manner. The washed 
gold and platinum are dissolved in aqua regia and separated either by pre- 
cipitating the gold with oxalic acid, or the platinum with ammonium chloride 
(page 475). 


§ 232, The Colorimetric Determination of Gold. 

Gold can be determined, somewhat approximately, by the tint obtained when 
gold solution is brought in contact with a solution containing a mixture of 
stannous and stannic chlorides.- The gold sulphide is dissolved in 10 c.c. of 
aqua regia (three volumes of concentrated hydrochloric acid and one volume of 
concentrated nitric acid), and treated with a saturated solution of stannous 
chloride until the yellow colour is bleached. The purple tint which develops in 
less than a minute is compared with a set of artificial standards, made by mixing 
solutions of copper and cobalt salts in the required proportion. A coloration is 
obtained when but one part of gold per million parts of solution is present. 
The usual precautions for colorimetric determinations are here of exceptionally 
great importance in order to get reliable results. The difliculty in controlling 


^ Vapours of chloroform are evolved. 

* E. Sonstadt, Chem. News, 26 , 159, 1872; T. K. Rose, ib., 66 , 271, 1892; R. N. Maxon, 
Amer. J. Science, (4), 21 , 270, 1906; Chem. News, 94 , 257, 1906; A. Carnot, Compt. rend,, 
97 , 105, 1883; J. Moir, Journ. Chem. Met, Min. 80 c. S. Africa, 4 , 125, 1903; A. IVister, ib., 4 , 
235, 1903; H. R. Cassel, Eng. Min. Joum., 76 , 661, 1903; E. Rupp, Bet., 36 , 3961, 1903; 
M. E. Pozzi-Escot, Ann. Chim. anal., 12 , 90, 1907; W. Bettel, Min. Eng. World, 3 $, 987 
1911. For the detection of traces of gold, see J, E. Saul, Analyst, 38 , 54, 1913; C. B. 
Brodigan, Mel. Chem. Eng., 12 , 460, 1914; J. A. Muller and A. Foix, Btdl. 80 c. chim., (4), 
33 , 717, 1922; D. Kider, Kdl. Zeit., 44 , 139, 1928. J. A. Muller and A. Foix (l.c.) obtain 
a colloidal solution of gold for colorimetric comparison by reducing the alkaline solution 
with formaldehyde; see also T. Ito, Journ. Chem. 80 c. Japan, 58 , 288, 1937. D. Nider 
(f.c.) says that mercuric iodide and excess potassium iodide in alkaline solution is better thibn 
stannous chloride. 
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the exact tint of the “purple of Cassius,” thus formed, considerably limits the 
scope of this process.^ 


§ 233. The Analysis of Colours containing Purple of Cassius. 

In the analysis of gold colours — which usually contain lead oxide, silver 
carbonate, stannic oxide, gold, boric oxide, silica and soda — the sodium peroxide 
fusion (pages 264 and 527) is an excellent method of opening up the compound. 
One portion of the sample is fused in a porcelain crucible and the resulting cake 
is used for the determination of gold, silver, tin and lead. The boric oxide is 
determined in another portion of the sample fused in a silver crucible. The 
alkalies are determined by the method described on page 214; the ignition is 
conducted in a silver crucible. The silica and alumina are determined on 
another portion of the sample fused in a silver crucible. The separation of the 
gold, silver, lead and tin alone requires special mention. 

Separation of Silver. — The fused cake is taken up with water and the 
solution warmed with an excess of hydrochloric acid. The gold passes into 
solution as gold chloride, ^ the silver is precipitated as silver chloride along with 
a certain amount of silica and lead. The solution is diluted, so that it contains 
no more than the equivalent of 0*25 to 0-30N-HC1 after the alkali has been 
neutralised. The hot solution is filtered through a hot-jacketed funnel, and 
washed with 0‘25N-hydrochloric acid. The precipitated silver chloride is freed 
from silica by treatment with hydrofluoric acid, and then dissolved in ammonia.^ 
The properties of silver chloride should here be studied page 745. 

Purification of Silver Chloride from Lead Chloride. — The lead chloride can be 
removed from the ammoniacal solution of silver chloride by adding 5 c.c. of a 
concentrated solution of ammonium nitrate and 40 c.c. of a 2 per cent, solution 
of hydrogen peroxide per 25 c.c. of the cold ammoniacal solution.^ In 3 or 4 
hours the yellowish-brown flocculeiit precipitate of lead peroxide may be filtered 
and washed, first with dilute ammonia and lastly with cold water. The lead 
peroxide is dissolved in nitric acid, assisted by the addition of a little hydrogen 
peroxide. The lead is transformed into sulphate and weighed in the usual 
manner. The silver is determined by acidifying the solution with nitric acid 
and boiling it for a short time. The precipitated silver chloride is filtered as 
indicated on page 747. 

Separation of Tin. — The filtrate remaining after the removal of the silver 
chloride contains the gold, lead and tin. These metals are precipitated as 
sulphides by means of hydrogen sulphide. The sulphides are washed as 
indicated on page 315, and dried. The paper is ignited after the sulphides have 
been transferred to a porcelain boat. The ash of the filter-paper is also brushed 


^ For volumetric methods of determining gold, see V. Lenher, Journ. Amer. Chem. Soc., 
3S> 733, 1913; L. Vanino and F, Hartwagner, Zeit. anal. Chem., 55 , 377, 1916; H. Peterson, 
Zeit. anorg. Chem., 19 , 69, 1898; E. Mtiller and F. Weigbrod, ib., 156 , 17, 1926; 169 , 394, 
1928; E. Muller and R. Bennewitz, ib., 179 , 113, 1929; E, Muller and W. Stein, Ehktrochem. 
Zeit., 36 , 376, 1930; E. Zintl, ib., 36 , 561, 1930. 

* Although hydrogen peroxide in alkaline solution precipitates metallic gold, the hydrogen 
peroxide in the presence of hydrochloric acid forms chlorine, which dissolves the gold as 
chloride. The tin is in the form of stannic chloride, and stannic chloride gives no precipitate 
with gold chloride. 

* It is sometimes difficult to dissolve all the silver chloride in ammonia. In that case, 
successive treatment of the precipitate on the filter-paper with ammonia, boiling water and 
dilute nitric acid will bring about the solution of the silver chloride. 

* P. Jannasch, Ber., 2 d, 1496, 1893. 
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into the l)oat and the tin volatilised by heating the boat in a stream of bromine 

Separatum of Gold and Lead. - The bout contuininfj^ the gold uiid lead 
bromides is again introduced into a combustion tube and heated in a current of 
hydrogen gas with the usual precautions against explosion. Metallic gold and 
lead remain in the boat. The latter is alone soluble in dilute nitric acid, hence 
the separation is easy. Precipitate the lead, in the nitri(‘. acid filtrate from the 
gold, as sulphate. Add the weight of lead sulphate so obtained to the lead 
sulphate obtained from the sih'er and compute the corresponding amount of 
lead oxide in the usual way. The gold is ignited, weighed and reported as 
metallic gold. 

The amount of gold in these colours is relatively small and there is a slight 
loss of gold with each precipitation. The silver and gold are best determined 
by the fusion, cupellation and ])arting proc<‘sses on a separate sample, and the 
tin and lead by usual processes. In illustration, the analysis of a purple 
of Cassius colour gave: 

SiOg. AlgOg. SnOg. Na2<>- ]'bO. Au. Cih. 

15*10 1*21 30*19 4*49 7*00 29*23 1*44 10*50 1*20 per cent. 

The carbon dioxide is determined by the method of page 525. 

Mylius’ Ether When acidified aqueous solutions of gold chloride 

in presence of many other chlorides are treated with eth(‘r, the ethereal solution 
which floats on the aqueous layer carries most of the gold chloride a?Kl the 
chlorides of the other metals remain below in the aqueous layer. When 100 
c.c. of ether were shaken with 100 c.o. of an aqueous solution containing the 
equivalent of 1 grm. of metal, Mylius found that the following percentage 
amounts passed into the ethereal solution: 

HgCh. AnCl^. KoC^J.,. AhOJ^. 

10 per cent. IICl , 0*4 98*2 8 22 23 7*3 

1 per cent. HCl . 13*0 85*0 tr. 0*3 0*8 0*2 

and 3*0 per cent, of Te(:i 4 ; 0*05 CuClg*, 0*03 ZnClg; 0*01 NiClg; 0*01 PtCl^; 
0*01 PdCla*, 0*02 HglrC^ from the 10 per cent, acid solutions, and only traces 
from the 1 per cent, acid solutions. No lead or silver chloride, was dissolved 
by the ether. Hence, by treating a solution of gold chloride containing 5-10 
per cent, of gold and 5-10 per cent, of free hydrochloric acid (HCl) four or five 
times with ether in a separating funnel, or in the apparatus, figs. 108 or 110, 
very good separations are said to be effected. The ether is distilled off' and the 
gold reduced with sulphurous acid. The method promises to be useful for 
the separation of gold from certain metals. 

§ 234. The Determination of Gold and Silver by Cupellation 

and Parting. 

The fusion and cupellation are performed very much as indicated on page 
336, but some modifications must be introduced.® The powdered sample 

^ If bismuth be present, it will be volatilised with the tin, and the separation of bismuth 
and tin can be effected by the usual methods. 

* F, Mylius, Zeit. anorg. Chem., 70 , 203, 1911 ; F. Mylius and C. Huttner, Bcr., 44 , 1315, 1911. 

a E. A. Smith, Inat. Min. Met., 9 , 315, 1901; Chem. Newa, 84 , 62, 74, 89, 98, 134, 1901; 
93 , 225, 1906; The Sampling and Assay of the Precious Metals, London, 1913; R. King, 
Min. Scient. Press, iio, 917, 1915; F. P. Dewey, Journ. Ind. En^. Chem., 6 , 650, 728, 1914. 
**Gold lustres” or “liquid gold” can be prepared for cupellation by evaporating a weighed 
quantity in a porcelain dish, and incinerating the carbonaceous residue to drive oil the 
carbon. The residue may be dissolved in aqua regia and analysed by the wet process, or 
wrapped in sheet lead and cupelled for gold and silver. 
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should be thoroughly mixed with the flux, so that as soon as the lead is reduced 
it may come into contact with the gold and silver.^ The lead dissolves these 
metals, and the alloy finally collects at the bottom of the cruci})le. The 
amount of reducing agent added to the fusion mixture should be ])roportioned 
to give a button weighing about 30 gnns. The sample under investigation 
may be reducing, oxidising or neutral, and too much or insufficient lead may 
be obtained. 

Prelimmart/ Assay.— ]t is therefore necessary to make a j)reliminary assay 
by fusing an intimate mixture of 5 grms, of the powdered sample with: 

Litharge, 50 gnus.; sodium bicarbonate, 18 grms.; calcined borax, 5 grms. 

The mixture is ])laced in a crucible of such a capac'ity that the crucible is less 
than three-fourths filled, and covered with a layer of common salt.^ The 
fusion is made as indicated on page 336. Break the cold crucible, if the 
molten mixture has not been poured into a mould. Hammer off the slag and 
weigh the button. The button from 30 grms. of the sample should weigh 
between 16 and 20 grms. Hence the button from the 5 grms. of the sample 
should weigh about 3 grms. Weigh the button. Suppose: 

(1) The button weighs nearly 3 grms. In that case the above-mentioned 
mixture is the right one. Hence fuse 30 grms. of the sample with 

Litharge, 50 grms.; sodium bicarbonate, 18 grms.; calcined borax, 5 grms. 

in a suitable crucible. The mixture is covered with a layer of common salt as 
indicated on page 336. 

(2) The button weighs over 3 grms. The sample is therefore a strong 
reducing agent and this must be corrected by the addition of an oxidising agent, 
say, nitre. Too large a button gives low results for silver, since some silver is 
then lost owing to absorption by the cupel and by volatilisation, and this the 
more the greater the amount of lead present. 

Example. — Suppose that the button weiglis 7 grms. Then 30 grms. of sample would 
give a button weighing 42 grms., that is, 24 grms. too much lead. Since 1 grm. of nitre 
oxidises about 2 grms. of It^ad, it will be obvious that J of 24 — 12 grms. of nitre must 
be used with the mixture indicated in (1). 

(3) If the weight of the button be less than 3 grms., the sample has but a 
slight reducing action, which is not sufficient to give a button of normal weight. 
There is then a danger of some gold and silver being left in the slag. A little 
reducing agent — charcoal or argol (crude acid ])otassium tartrate) — must then 
be added to the mixture indicated in (1). 

Exampi.e. — Suppose the button weighed 2 grms., the button from 30 grms. of the 
sample would weigh 2x6-- 12 grms. Hence, in order to get a button weighing 18 grms., 
enough reducing agent to give 6 more grms. of lead is needed. One grm. of argol is 
found to reduce 10 grms. of lead from litharge. Hence it is necessary to add of 
6—0*6 grm. of argol to the mixture indicated in (1). 

(4) If no button is obtained, the sample is either neutral or oxidising. In 
the former case, the fusion can be made with 2 grms. of argol, 30 grms. of the 


^ It is most convenient to mix the charge in the cnj<;ibk*. The fluxes are placed in the 
crucible with the bulkiest one at the bottom. The at'curately weighed sample is put on 
the top of the fluxes and the whole most thoroughly mixed with a spatula. 

® Previously fused and ground to powder. The practice of using a salt or borax cover 
on the charge is not so common as it was and normally it is unnecessary. When a salt 
cover is used with rich ores, there is some danger of the formation of volatile chlorides 
of silver and gold. 
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sample and the normal fusion mixture. If the sample be oxidising, the button 
may still be too small. In that case, the weight of the button obtained will 
furnish data for calculating how much more argol will be required to give a 
button of normal weight. 

Example of Assay , — The preliminary fusion of a sample of gold colour showed 
no button of lead, and the fusion of 30 grms. of the sample with 50 grins, of 
litharge, 1-5 grms. of argol, 18 grms. of sodium bicarbonate and 5 grms. of 
calcined borax gave a button weighing just less than 20 grms. 

If the charge in the crucible contains much nitre and uncalcined borax, it is 
liable to froth over. To prevent this, start the fusion at a low temperature and 
raise the temperature very slowly. If the bubbling be still troublesome, it may 
be advisable to roast the sample in a shallow clay ‘‘roasting dish” in the 
muffle, and take portions of the roasted sample for the preliminary and final 
assay. The final results must of course be expressed in terms of the roasted 
sample. 

We may now assume that the fusion and the cupellation have been per- 
formed as indicated on page 336. The bead of silver and gold is weighed.^ 
The separate determination of the gold and silver involves the two operations 
of inquartation and parting.^ 

Inquartation and Parting . — The latter term is applied to the process of 
separating gold and silver by the action of acid on the bead or “prill” obtained 
during cupellation. Nitric or sulphuric acid may be used, but the former is 
almost universally employed. If an alloy of silver and gold be digested with 
nitric acid, silver, not gold, is dissolved. It is necessary that at least twice as 
much silver as gold be present to ensure the dissolution of all the silver by nitric 
acid of specific gravity not less than 1*26, after boiling for half an hour. But, 
as a matter of fact, in parting all bullion assays, five times as much silver as 
gold is considered necessary. For successful parting, therefore, special attention 
must be paid to : 

(1) The concentration of the nitric acid. For general work, an acid of the 
strength recommended by Keller ^ may be used, namely, 1 part of concentrated 
nitric acid (sp. gr. 1*42) with 9 parts of distilled water. With this acid, Keller 
says the gold remains as a coherent mass, even if 500 times as much silver as 
gold be present. The beads are supposed to be boiled in the acid about 15 
minutes. There are, however, certain advantages in using acids of two 
different strengths, as indicated below. 

(2) The temperature of the acid. The acid should be boiling when the 
bead to be j)arted is dropped into the flask. If the bead be dropped into cold 
acid and then heated up to the boiling-point, the gold is liable to disintegrate 
into a finely divided condition — especially if the proportion of silver is large — 
and this may lead to loss in subsequent operations. 

(3) The ratio of silver to gold in the bead. Although the ratio 5 : 1 is 
usually recommended, this is not quite under control. If less than this amount 
of silver be present, more silver can be added to the crucible when the fusion 
is made for the cupellation; or to the lead button during cupellation when 
gold alone, and not silver, is to be determined. If silver and gold are to be 
determined, the bead, after cupellation, is weighed. This weight represents 
silver -f gold. A small piece of pure sheet lead weighing about 2 grms. is folded 
in the shape of a hollow cone. The necessary amount of pure silver, together 


^ E. J. Hall, Eng. Min. Journ., lOO, 149, 1915. 

* The “gold*’ obtained by burning “gold rags” from the “decorating shop” of a pottery 
is evaluated in this way. 

® E, Keller, Trans. Amer. Inst. Min. Eng., $5, 3, 1905. 
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with the bead, is placed in the cone, which is then closed and folded into a little 
packet. This is then cupelled. Instead of this recupellation, some prefer to 
alloy the silver with the bead by fusion on charcoal before the blowpipe. The 
latter operation requires some practice for successful work. The process for 
alloying silver with the cupelled bead in order to prepare it for parting is 
called “inquartation,” because formerly at least three parts of silver to one 
of gold were considered necessary for successful parting. 

With practice, the amount of silver needed can be estimated from the 
colour of the bead. If the bead is w^hite, it contains more than three parts of 
silver to one of gold, and inquartation may be unnecessary, or the bead may 
be inquarted with its own weight of silver. If the bead is greenish-yellow, it 
})robably contains less than three parts of silver to one of gold, and the bead 
is inquarted with about twice its weight of silver. If the bead is yellow or 
reddish-yellow, the gold predominates and it is inquarted with two or three 
times its weight of silver. A set of standard prills can be easily made for 
comparison. 

The “quarted” alloy is removed from the cupel with the ‘'bead forceps,” 
cleaned with the “button brush,” and hammered on an anvil to a flat disc 
about 1 mm. thick. The metal becomes hard and brittle during the hammer- 
ing, and the disc is accordingly annealed by heating it to dull redness while 
8up}>orted on a clean cupel, and cooling it rapidly on a piece of brass foil. The 
bead is then rolled between two steel rollers so as to form a long strip. If the 
disc w(ire rolled without annealing, the edges of the strip would probably 
be rough and little j)ieces would drop ofi! during the action of the acid. The 
strip is again annealed and rolled down to a thickness of about 0*15 mm.^ 
The roll is placed in a small parting flask ^ containing about 30 c.c. of nitric 
acid ^ (sp. gr. l*()f)~l*12), previously heated to about 90°. The acid is boiled ^ 
for about 20 minutes; cooled; and decanted off. The roll is washed twice 
with distilled water. 30 c.c. of boiling concentrated nitric acid (sp. gr. 1*3) ^ 
are then added to the flask containing the roll. After 20 minutes’ boiling,® 
decant off the acid, and wash three times by decantation with distilled water.’ 
Fill the flask to the very top with distilled w’^ater, and place a close-fitting 
porcelain capsule — “parting cup” — over the mouth of the flask. Invert the 
flask (fig. 105). The roll settles in the parting cup. The flask is removed by 
raising its mouth to the level of the water in the capsule and quickly moving 
the flask at right angles away from the parting cup to allow" the w-ater to run 
away. The water is decanted from the parting cup. The cup and contents 


^ A. Hackl {Chevi. Ztg., 57 , 72,S, 1933) says that the strip should also be annealed before 
parting, as higher values for gold are thereby obtained. 

* There are several different forms. The ffasks arc better without a lip. Some prefer to 
conduct the parting in small glazed porcelain crucibles. The “cupping” described in the 
text is then unnecessary. 

* Free from chlorine, sulphuric and sulphurous acids and sulphides. 

* If the roll turns black and the action stops, insufficient silver is probably present. The 
roll is then coiled up and fused with two or three times its weight of silver and re-parted. 

® Some prefer to use an acid of sp. gr. 1*26, made by diluting one volume of concentrated 
acid (sp. gr. 1-42) with an equal volume of w'ater. J. W. A. H. Smit (ifec. Trav. chim., 40 , 
119, 1921) recommends an acid of 1*33 gravity. When very little gold is present, the first 
acid should not be above 1-09 gravity. According to A. Hackl (Zeit. anal. Chem.y 97 , 411, 
1934), up to 0 02 per cent, of the gold may be lost during parting owing to the formation 
of nitrous acid. He says that the addition of 1 per cent, by volume of methyl alcohol lessens 
this loss. 

® By first boiling with a dilute acid and afterwards with a more concentrated acid, the 
removal of the silver is more complete, the gold becomes more compact and there is less risk 
of disintegrating the residual gold. 

’ If the gold disintegrates, there will probably be losses in transferring. 
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are dried by holding the cup with a pair of tongs in the flame of a Bunsen 
burner until the cup is red-hot.^ The gold is annealed and changes from a 
soft dark brown condition to hard yellow gold.^ When cold, weigh (see 
j)age 473). Subtract the weight of the gold *80 obtained from the weight of the 
original prill to get the approximate weight of silver in the given sample. 

Errors. The errors in the cuy)ellation 
process involve: — 

(1) The retention of gold by the slag 
during fusion. — If the amount of col- 
lecting lead is am{)le, the error is not 
serious.® Buttons less than about 20 
grrus. should not be used. The loss is 
largely dependent on the nature of the 
impurities which ])ass itito tin? slag. 

(2) The loss of gold by volatilisation. 
— Gold and silver are both slightly 
volatile at high temj)eratures; hence 
they may be volatilised during fusion 
and ciipellation. The loss is greater 
the higher the temperature of cupel- 
lation.^ However, the loss due to this 
cause at the normal temperatures of 

the cupellation process is probably insignificant. 

(3) The absorption of gold by the cu})el. — The amount varies with the 
nature of the bone ash used in making the cupel. The loss of gold is greater 
the higher the temperature of cupellation.® 

(4) The retention of base metals by the cupelled beads.- A little lead is 
almost invariably retained by the bead cu])elled at the regular temperatures. 
Hillebrand and Allen ® found from 0*3 to 0*37 pe^r cent, of lead with 009 grin, 
beads of gold. 

(5) The solution of gold by the parting acid.- During parting a trace of 
gold appears to be dissolved by the nitric acid, even if it be free from hydro- 
chloric acid or chlorine. This amounts to about O-Ol to 0-()3 per cent, on a 
half-gram bead.’ 

(6) The retention of silver by the parted gold. — The amount of silver which 
resists attack by the acid varies with the percentage* of silver alloyed with the 


^ The dryiiij^ must Ik* <arcfully <lono or particles of ju^oja may be spurted from the cup 
with the steam. The drying may be done by placing tlie cup in the red-hot muffle for a 
short time. 

* If the cup shows a black stain after it has Ikhui heated, the washing was imyK^rfeetly 
done and the analysis or assay should be repeated. If, after parting, the amount of gold is 
more than one-third the weight of the bead, it must be fused with about three times its 
weight of silver and again parted. 

» E. H. Miller and C. H. Fulton, Sch(X)1 Mimx Quart., 17 , 160, 1896; VV. F. Hillebrand 
and E. T. Allen, Bull. U.8. Gaol. Bur., 253 , 24, lf)05. 

* G. H. Makins, Journ. Chem. S(^c., 13 , 77, 1861; T. K. Rose, ib., 63 , 707, 1893; J. Napier, 
ib., 10 , 229, 1858; W, Witter, Cham. Ztg., 23 , 522, 1889; H. Rdssler, Dimler^s Journ., 206 , 
189, 1884; W. F. Hillebrand and E. T. Allen, Bull. U.S. Gaol. Bur., 253 , 19, 1905; K. Fried- 
rich, Ze.it. angew. Cham., it, 269, 1903; J. W. Richards, Che.m. News, 74 , 2, 1896; W. Mosto- 
witsch and W. Pletneff, 3Iet. Chem. Eng., 16 , 153, 1917; Journ. Buss. Mctall. Srw., 410, 1915. 

® A. F. Crosse, Jour7i. Chem. Met. Min. Sor. 8 . A., 2 , 325, HK>2; T. L. Carter, En^. Min. 
Journ,, 78 , 728, 1902; W. F. Hillebrand, Bull. V.B. Gaol. Bur.,2K%, 19, 1905; J. Loevv, 
Cham.. Ztg., 38 , 82, 1914. 

® W. F. Hillebrand and E. T. Allen, BvXl. U.S. Oeol. Sur., 253 , 23, 1905. 

’ A. H. Allen, Chem. News, 2$, 85, 1872; V. Lenher, Journ. Amer. Chem. Sac., 26 . 552, 
1904. ' 
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gold to be parted.^ It amounts to from 0*05 to 0*]0 per cent, under ordinary 
conditions, and in the assay of gold bullion it is a minimum when the alloy 
contains about two ]>arts of silver to one of gold. If more or less silver be 
present, the gold will be contaminated with more silver after j)arting. Other 
foreign elements, e.g, copper ^ and tellurium, may be retained by the bead. 

(7) The occlusion of gases by the gold.— According to Graham,^ about two 
parts by weight per 10, 000 parts of gold are retained by the annealed gold. 
The amount depends upon the temperature of annealing. 

Some of thcise errors obviously lead to low results, others to high results. 
Exf)erience shows that under normal conditions both sets of errors are small, 
and tend to neutralise one aru)ther. The algebraic sum of the losses and gains 
is called the surcharge, and the surcharge can be approximately d(»termined by 
control experiments with the purest available gold and silver. Since the 
purity, i.e, the fineness, of gold is usually reported in yiarts yier 1000, a surcharge 
of +0*2 means that the gold actually reported weighed 0*2 part j:)cr 'l000 more 
than was present ; and conversely with a surcharge of -0*2. 

It must b(‘ added that the greatest care must be exercised in weighing the 
gold. A balance even more sensitive than mgrm. is a distinct advantage. 
The precautions indicated in the first chajder require serious attention. 
Under favourable conditions, and weighing correctly to 0*01 per 1000, Hose ^ 
considers that the operations can be conducted with an error not exceeding 
±0*02 part per 1000. 

§ 235. The Determination of Platinum and the Platinum Metals/’ 

The metals of the })latinum group arc analysed with great difficulty. 
There is a difficulty in getting the metals into solution, for while ])alladium is 
dissolved by hot nitric acid and ])latinum by hot aqua regia, the other metals 
resist this solvent. The native metals may be alloyed in a form whi(di resists 
attack by chemical agents, even a(|ua regia, most stubbornly. The platinum 
metals are sometimes stated to be preci])itated by hydrogen sulphide from 
dilute acid solutions, and ruthenium, rhodium, ])alladium and osmium are 
further placed with those metals whose sulphides are insoluble in ammonium 
sulphide, and ]>latinuin and iridium with those whose sulphides are soluble in 
this menstruum. As a matter of fact, the precipitation of these metals in 
dilute acid solutions is not complete, and their behaviour towards ammonium 
sulphide is not sharp and definite. Fresenius,*^ for instance, says that the 
platinum metals are preci{)itated with difficulty by hydrogen sulydiide and that 
the gas must be passed for a long time through hot solutions to bring down the 
sulphides. Antony and Lucchesi ® say that hydrogen sulphide precipitates 
platinum completely as sulphide, PtSg, from a 3 per cent, solution of hydro- 


1 W. F. Lowe, Jovrn, Sor, Chew, Jml, 8, 687, 1889; W. F. Hillebraiul and E. T. Allen, 
Bull. U,B. Geol. Sur., 253 , 2r), 1905; T. K. Hose, The. Metallurgy of Gold, London, 47, 1927. 

^ When the material under assay contains copper or antimony, tlicse metals will pass 
into the button, and such buttons arc difficult to cuytcl. W^hen copper is present, the ratio 
of lead to copper should be at least 55 : 1 . — »!. W. A. H. 8 mit, Bee. Trar. chim,, 40 , 119, 1921. 

s T. Graham, Phil, Trans,, 156 , 433, 1866. 

* T. K. Rose, Journ, Chem, Boc,, 63 , 7tKb 1893; A. O. Watkins, Chem, Nev^s, 106 , 248, 
259, 1912. 

* C. H, Fresenius, Anleitung zur qualitativen ehe.mischeu Analyse, Hraunschweig, 
194, 500, 1885. For the precipitation of platinum as sulphide*, see Ji. Gaze, Apoih, 
Ztg,, 27 , 959, 1912; Chew., Zentr., (1), 464, 1913; V. N. Ivapov, Journ, Russ, Phys. Chem, 
Soc,, 48 , 427, 1916; H. Dobt, Zeii, anal, Chem., 64 , 37, 1924. 

* U. Antony and A. Lucchesi, Gazz. Chim, Ital., 26 , i, 211, 1896. See also I. Wadaand 
S, Saito» Bull, Inst, Chem, Research Tokyo, 8 , 749, 1929. 
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chloroplatinic acid at 90°, but that at ordinary temperatures the precipitation 
is not complete and the composition of the precipitate varies — probably it is 
a decomposition product of a sulph-hydratc, PtS(SH) 2 . With very dilute, 
cold solutions colloidal sulphide is formed. Similar remarks apply to palladium 
and iridium.^ The behaviour of hydrogen sulphide towards all the ruthenium 
salts has not been fully investigated; salts corresponding with the tetroxide 
and perruthenic acid arc completely precipitated, but the other ruthenium 
salts, as well as rhodium salts, are but imperfectly separated as sulphides.^ 
Obviously, therefore, it cannot be assumed that hydrogen sulphide will 
precipitate the platinum metals from dilute acid solutions. In the treatment 
of the precipitated sulphides with ammonium sulphide iridium is not dissolved. 
Platinum sulphide is insoluble in ammonium sulphide but, if other sulphides 
be present — gold, tin, antimony, arsenic — some platinum may pass into 
solution; ruthenium sulphide, precipitated from salt solutions of the sesqui- 
oxide, is partly dissolved by the same menstruum. The behaviour of the 
precipitated sulphides is also partly influenced by the conditions of precipita- 
tion, e.g. hot or cold solutions. If rhodium be precipitated from hot solutions 
in the presence of gold, the gold sulphide is virtually insoluble in ammonium 
sulphide. 

The Cupellation Process for Gold, Silver and Platinum . — When gold is 
determined by the process described in the preceding section, the bead will 
have a greyish colour if small amounts of platinum be present ^ ; and if larger 
amounts be present, the bead will have a rough “frosted” appearance, because 
it “freezes” before all the lead is oxidised. The method used for separating 
platinum, under these conditions, depends on the solubility of platinum in 
nitric acid when the metal is alloyed with at least 12 times its weight of silver.^ 
Platinum can be separated from gold by cupelling the cornet with about 
12 times its weight of silver and parting with hot nitric acid (sp. gr. 1*42).^ 
The residual gold is washed, dried and weighed.® The operations are repeated 
until the residual gold has a constant weight, showing that all the platinum 
has been removed.’ 


^ P. Petronko-Kritschenko, Zeit. anorg, Chem., 4 , 247, 1893; U. Antony, Oazz. Chim, 
Ital., 23 , i, 184, 1893. 

* C. E. Claus, Liebig's Ann., 59 , 234, 1846; Joum. prakt. Chem., (1), 39 , 88 , 1846; Jotirn. 
pkarm., ii, 76, 137, 1847; L. R. von Fellenl^rg, Pogg. Ann., 50 , 61, 1840; U. Antony and 
A. Lucchesi, Oazz. Chim. Itah, 29 , ii, 312, 1899; 30 , ii, 539, 19(K). 

® In cupelling alloys of platinum, gold, silver and lead, the greater the proportion of 
platinum the higher the temperature required for the cupellation. Alloys with over 50 per 
cent, of platinum cannot be freed from lead except at the temperature of the oxyhydrogen 
flame. C. 0. Bannister and G. Patchin, Inst. Min. Met., 23 , 163, 1913; J. Loevy, Chem. 
Ztg., 38 , 82, 1914; J. F. Thompson and E. H. Miller, Joum. Amer. Chem. Sac., 28 , 1115, 
1906. For iridium, C. O. Bannister and E. A. du Vergier, Analyst, 39 , 340, 1914; A. F. 
Crosse, Joum. Chem. Mei. Min. 80 c. 8 . Africa, 14 , 373, 422, 483, 1914. For platinum in 
litharge, F. Michel, Chem. Ztg., 39 , 6 , 1915. 

^ C. Winkler, Zeit. anal. Chem., 13 , 369, 1874; P. Oehmichen, Berg. Hiitt. Ztg., 60 , 137, 
1901; M. Trenkner, Mei., 9 , 103, 1912; Min. Eng. World, 37 , 342, 1912; F. P. J>ewey, 
Joum. Ind. Eng. Chem., 6 , 650, 728, 1914. 

® J. Spiller (Proc. Chem. 80 c., 18 , 118, 1897) states that nitric acid (sp. gr. 1-42) will 
dissolve 0-75 to 1-25 per cent, of platinum along with silver; while a weaker acid (sp. gr. 1*2) 
will dissolve only 0*25 per cent, of platinum; and a stronger acid will lead to the separation 
of platinum black. E. PHwoznik, Berg. HUM. Ztg., 44 , 325, 1895; H. Carmichael, Joum. 
80 c. Chem. Ind., 22 , 1324, 1903. 

® If the gold be very finely divided, it is best to filter and wash, so that the fine particles 
of gold will not contaminate the silver solution. 

’ If palladium be present, it will dissolve with the silver; while if iridium be present, it 
will remain with the gold. E. H. Miller, School Mines Quart., 17 , 26, 1896; H. R. Jolley, 
Joum. Chem. Met. Min. 80 c. 8 . Africa, 51, 1915. 
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The silver solution is largely diluted with water or, better, evaporated to 
drive off the excess of acid and then treated with a dilute solution of hydrogen 
sulphide. The silver sulphide which separates carries down the platinum as 
well.^ Let the mixture stand overnight. Filter and wash in a porcelain dish. 
Dry the precipitate and ignite it with the filter-paper at a low temperature. 
Wrap the residue in a small piece of “assay lead-foil,’’ and cupel. The resulting 
bead is parted with concentrated sulphuric acid, when the platinum remains 
behind as a dark spongy mass. The sponge is again boiled with fresh acid, 
washed by decantation, dried and weighed as platinum. ^ 

The first cupellation enables the gold, silver and platinum to be determined; 
the result of the nitric acid parting gives the gold; and the sulphuric acid 
parting, the platinum; the silver is obtained by difference. 

The Separation of Platinum by Potassium or Ammonium Chloride . — 
Platinum can be separated from solutions containing the copper and aluminium 
groups ® by almost neutralising the acid solution with ammonia, evaporating 
the solution to the crystallisation point and adding water in just sufficient 
quantity to dissolve the crystals. Then add an excess of a saturated solution 
of potassium chloride to the feebly acid solution, and, after well mixing, add 
an excess of alcohol. Cover the vessel with a clock-glass and let the mixture 
stand in a warm place for about 24 hours. Collect the precipitate on an 
asbestos-packed Gooch crucible, and wash the precipitated potassium 
platinichloride, KgPtCl^, with 80 per cent, alcohol, as indicated for the deter- 
mination of potassium (page 231). The potassium chloroplatinatc can be 
dried and weighed; or reduced to metal and the metal weighed. Ammonium 
chloride is preferable to potassium chloride as precipitant, because the resulting 
ammonium chloroplatinatc, (NH 4 ) 2 PtClg, can be washed with a saturated 
solution of ammonium chloride and ignited — very gently at first to avoid the 
risk of loss by sjiurting. Furthermore, ammonium chloroplatinatc is appre- 
ciably less soluble than the corresponding potassium salt. The metallic 
platinum which remains behind can be weighed directly. If iridium be present 
in the solution, it may also be precipitated with the ammonium chloroplatinatc, 
to which it imparts a reddish tinge. ^ If the ignited mass be digested with 


' F. P. Dewey, Jovrn. Ind. Eng. Chem., 4, 257, 1912; Min. Eng. Worlds 36, 503, 1912. 
Traces of gold in the solution of silver could also be gathered with the silver in a similar way. 

* To make sure the residue is platinum, dissolve it in a few drops of aqua regia, evaporate 
the solution to drive off the excess of acid, and test it qualitatively with potassium iodide, 
or ammonium chloride. If palladium waa present in the original sample it will be found in 
the acid solution after parting. According to A, C. Dart {Met, Chem. Eng.^ 9, 75, 1911; 
10, 219, 1912), the silver can he precipitated as chloride and the palladium precipitated as 
metal by boiling the filtrate, made ammoniacal with ammonia and acidified with formic 
acid. The silver chloride, it may be added, is very liable to carry down traces of other metals. 
If iridium be associated with the gold, the latter can be removed by digesting the mixture 
at 40” with a mixture of nitric acid (sp. gr. 1*34) with three times its volume of hydrochloric 
acid, and all diluted with five times its volume of water. The washed and dried residue is 
iridium. The difference in the two weighings represents the gold. See C. Toombs, Journ. 
Chem. Met. Min. Soc. E. Africa^ 14, 4, 1914; J. Gray, «6., 14, 2, 1914; M. van Brenkeleveen, 
Mec. Trav. chim., 36, 285, 1917. 

® Metals precipitated by soluble chlorides — silver, lead and mercurous salts — are assumed 
to be absent. 

* For the solubilities of ammonium platinichloride and ammonium iridichloride in water 
and ammonium chloride solutions, see E. H. Archibald and J. W. Kern, Trans. Roy. Soc. 
Canada, ii, (iii), 7, 1918. Even in concentrated ammonium cldoride solution, the solubility 
of the iridichloride is several times that of the platinum salt and advantage can be taken 
of this difference in solubility to effect the complete separation of iridium and platinum. 
For the separation of palladium and platinum, see P. Cohn and F. Fleissner, Mmats., 
17, 361, 1896. 
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dilute aqua regia (I : 5) ^ at 40*^, the platinum dissolves and metallic iridium 
remains as an insoluble black powder. This is washed, dried and weighed. 

General Anali/su of the Platinum Meiah ,^ — It is not often that an analysis 
of this kind is needed.^ The sample is treated with concentrated aqua regia at 
70"" until there is no further perce})tible action.^ The liquid is diluted somewhat 
with warm water and the insoluble residue — probably osrniridium — filtered off. 
Fuse one part by weight of sodium hydroxide in a capacious nickel crucible and 
add gradually an intimate mixture of one part of the insoluble residue with four 
parts of sodium peroxide. Keep the mass in a semi-fluid condition for about 
half an hour and stir frequently with a nickel spatula. Dissolve the cold mass 
in dilute hydrochloric acid and add the liquid to the main solution. The acid 
solution may contain salts of gold, osmium, rhodium, platinum, palladium, 
ruthenium, iridium, along with chromium, manganese, iron, etc., and nickel 
from the crucible.® 

1. Remoral of Omnium ami Ruthenium J — If the solution (contains osmium and 
ruthenium, they are removed at this .stage by distillation as the tetroxides. For this 
purpose a 700 c.c. distillation flask is eonneotod to a train of three 300 c.c. absf)rption 
flasks, as shown in tig. lOfl.*’ Owing to the ease with which osmium tetroxide is reduced 
to the dioxide, it is essential to avoid contact either with rubber or any organic? lubricant. 


^ Iridium is soluble when heated with concentrated aqua regia. “Iridium grey ’ and 
“platinum grey” colours can be analy.sed by the.se proces.ses. t'or the determination of 
iridium in platinum-iridium allovs, see (". (). Banni.ster and K. A. du Wrgier, Anaiyst^ 39 , 
340, 1914. 

^ L. E. Kivot, Docimasie, Paris, 4 , 1103, 1866; R. Jagnaux. AnaiyKv Chimique def( Huh- 
sianren Commereudes, Minerales et Oryoniques^ Eiege, 1888: W. Crookes, Select Methiniti in 
Chemical Analyms, Eondon, 437-477, 1905; H. St C. Deville and H. Debray, Ann. ('him. 
Phyn.., (5), 56 , 439, 1859; R. W. Bun.scn, Liebig' h Ann.^ 146 , 265, 1868; C. ClaiLs, lieitrdge. 
zur Chemie der Platinme.tailc, Dorpat, 1854; M. C. Ix^a, Chem. Seu's, lO, 279, 301, 1864; 
II, 3, 13, 1865; Ayncr. J. Science, (2). 38 , 81, 248, 1864; VV. Oibbs, ib., (2) 31 , 63, 1861; 
(2), 34 , 353, 1862; K. Ixddie, (bmipt. rend., 131 , 888 , 1901 ; Hull. Soc. chim., (3), 25 , 9, 1901 ; 
27 , 179, 1902; F. Mylius and F, Forster, Her., 25 , 665, 1892; H. Arnold, Zed. anal, ('hern., 
51 , 550, 1912; E. V, Kouklinc, Rev. Met., 9 , 815, 1912; T. Wilrn, Her., 18 , 2536, 1885; H. St 
C. Deville and J. S. Stas, Proren V erluim: Comite Poidn Mesuren, 153, 1877; F. .Mylius and 
R. Dietz, Her., 31 , 3191, 1898; E. Leidie and I... Quennessen, Hull. Sm'. chim., (3), 25 , 840, 
1901; Chem. Reivn, 84 , 216, 1901; M. Wiinder and V. Thuringer, Zeil. anal, ('hem., 52 , 
740, 1913; F. Mylius and A. Mazzuechelli, Zeit. ammj. Chem., 89 , 1, 1914; M. Sch witter, 
Eng. Min. Journ., 97 , 1249, 1914; L. Quennessen, hid. Chim. Her. Prod, chim., 5 , 6 , 1918; 
A. T. Grigoriev et ah, Ann. Innt. Platine, 4 , 343, 1926; S. F. Shemtschushni (Zhemchuzhnii), 
ib., 5 , 364, 1927; S. ('. Ogburn, junr., Journ. Amer. ('hem. Soc,, 48 , 2493, 1926; Chem. Eng. 
Min. Rev., 20 , 142, 170, 1928; W. Graulich, Oesier. Chem. Ztg.,^^, 2, 1930; VV\ R. Schoeller, 
Analyai, 55 , .550, 1930; Anon., Ann. hint. Platine, 9 , 109, 1932; B. G. Karpov et al., ib., 9 , 91, 
93, 96, 99, 1932; B. G. Karpov and A. N. Fedorova, ib., 12 , 163, 1935. 

® Some difficulties in the manufacture of “platinum Iu 8 trt*.s“ have been attributed to the 
presence of elements of this group other than platinum. 

* If osmium and ruthenium l)e present in the soluble portion, which is not likely, the 
operation must be conducted in a flask fitted with a reflux condenser. 

® For the separate analysis of the first insoluble residue obtained on dissolving platinum 
ore in aqua regia, s(?e S. F. Shemtschushni (Zhemchuzhnii) et al., Ann. Inst. Platine.,/^, 355, 
1926; B. G. Karpov et al., ib., 9 , 102 , 1932. 

« E. Leidie and L. Quennessen, Bull, Soc. chim., (3), 25 , 840, 1901; (3), 27 , 179, 1902. 

’ A. Joly, Encyc. Chim. de Fremy, Paris, 3 , 236, 1892; C. K. Claus, Bull. St Petersburg 
Acad. Sci., i, 97, 1860; J. L. Howe and F. N. Mercer, Journ. Amer. Chem. Soc., 47 , 2926, 
1925; J. L. Howe, ib., 49 , 2393, 1927; S. F. Shemtschushni (Zhemchuzhnii) et al., Ann. 
Inst. Platine, 4 , 355, 1926; B. G. Karpov et at., ib., 9 , 102, 1932; S. Saito, Bull. Inst. Phys. 
Chem. Res, 7'olcyo, 8 , 164, 1929; E. FVitzraann, Zeit. anorg. Chem., 163 , 165, 1927; 169 , 
356, 1928. For the separation of ruthenium from the platinum metals, other than osmium, 
see R. Gilchrist, Bur. Standards Journ. Research, 12 , 283, 1934. 

This is the type of apparatus recommended by H. Gilchrist, Bur. Standards Journ. 
Research, 6 , 421, 1931 ; J. J. Russell, F. E. Beamish and J. Beath, Ind. Eng. Chem. Anal, Ed., 
9 , 475, 1937. 
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Hence an all-glass apparatus with accurately ground glass joints, sealed only by a thin 
film of water, must be used. However, it is necessary to lubricate the stopcock of the 
thistle funnel in the distillation flask with grease, but access of osmium tetroxide to it is 
prevented by constricting the delivery tube so that it holds a column of water. During 
the distillation, this tube is frequently flushed out with liquid. The thistle funnel 
between the first two absorption flasks serves to intnjduce, if necc^ssary, further quantities 
of the absorbing solution and also to rinse out the connec-ting tube. The first absorption 
flask is charged with 1,50 c.c. of hydroc^hloric acid (sp. gr. 1*1) and the other two flasks 
with ,50 (!.c. each of the same solution. The solution under investigation is poured into 
the distilling flask and an (excess of sodium hydroxide is added through the thistle funnel, 
after which a slow^ current of chJorim* ^ is bubbled through the liquid. When the liquid 



Fi(i. 100. — Separation of Osmium and Hulhenium from the Other “Platinum Metals.” 

in the flask is saturated with (‘hlorine, raise the temperature to 70 - HO*", when the 
ruthenium tt^troxide and part of the osmium tetroxide will distil over. Finally raise 
the temperature to the boiling-point to eliminate all the osmium. The distillation will 
take about an hour, more or h\ss, depending on the amount of osmium and ruthenium 
present. I'he liquid in the distilling flask must be kej)t alkaline ^ otherwise the ruthen- 
ium will be incompletely volatilised.^ When all the ruthenium and osmium have 
volatilised,^ the current, of chlorine is stopped and the apparatus cooled. The ruthenium 
tcdroxkle in the condensing flask forms a stable trichloride, RuCis, while the osmium 
tetroxide undergoes no change. 

2. The Separation of Edtheniurn ami Osmium , — The liquid from the absorption flasks 
is saturated with sulphur dioxide to reduce the osmium tetroxide to the non-volatile 
dioxide and then evaporated down, with the sulphur dioxide still running, until the 
hydrochloric acid has been removed. The solution is next diluted to a volume of about 
100 c.c. and transferi’cd to a clean distillation flask. Acicording to Gilchrist, osmium 
can be completely distilled from nitric arid solutions, but no ruthenium is eliminated 
from boiling solutions containing less than 40 per cent, by volume of nitric acid. Hence, 
following Gilclu*i 8 t '8 ])ro(;edure, charge the absorption flasks, as before, with hydro- 
chloric acid (sp. gr. 11) which has been freshly saturated with sulphur dioxide. Add to 
the solution in the distillation flask 40 c.c. of nitric acid (1:1) through the thistle funnel 
and flush out the funnel and stopcock with 10 c.c. of water. Pass a slow' current of air 
through the apparatus and heat the solution in the distillation flask to boiling. Continue 

^ Say, from a cylinder of chlorine. 

* If necessary, add more sodium hydroxide via the thistle funnel. 

* E. licidie and L. Quennessen, Compt. rend.,^ 136 , 1399, 1903. 

* A drop of the distillate will give no blackening with hydrogen sulphide if the action is 
over. 
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the distillation for an hour. Cool down, empty and rinse out the absorption flasks, 
reserving the solution and washings for the determination of osmium. The solution 
in the distillation flask is now made alkaline with sodium hydroxide and the ruthenium 
in it distilled over in a current of chlorine into hydrochloric acid, as in the initial dis- 
tillation. 

3. The Determination of Ruthenium and Osmium — OihhrisVs Process.^ — The liquid 
and washings from the absorption flasks, containing the ruthenium, are evaporated 
down to small bulk to remove the excess of hydrochloric acid, then diluted with water 
to about 150 c.c. and the solution heated to boiling. A saturated and filtered solution 
of sodium bicarbonate is added until the precipitate of hydrated ruthenium dioxide 
coagulates. A few drops of bromocrosol purple indicator are added and then sufficient 
sodium bicarbonate to produce a faint purple colour. After boiling for 5 minutes, the 
solution is filtered and the precipitate washed thoroughly with a hot 1 per cent, ammon- 
ium sulphate solution until free from chlorides. It is finally washed three or four times 
with a cold 2-5 per cent, solution of ammonium sulphate. The paper containing the 
precipitate is slowly charred in a porcelain crucible and the residue then ignited to burn 
off the carbon. The crucible is now covered with a Rose's lid and its contents are heated 
in a current of hydrogen. After the reduction is complete, the metallic ruthenium is 
cooled hi hydrogen and weighed as such. The solution and washings containing 
the osmium are evaporated down to small bulk on a water bath. The residue is 
digested with hydrochloric acid (sp.gr. 1-18) for 15 minutes and evaporated a second 
time. The digestion with acid and subsequent evaporation are repeated, in all, 
three times more in order to decompose complet(‘ly any sulphite compounds of 
osmium. The final residue is dilutee! to 150 c.c. and the solution preeupitated 
with sodium bicarbonate exactly as for ruthenium. A few drops of bromophenol 
blue indicator arc now added to the solution and the addition of sodium bicarbonate 
continued until a faint bluish colour is given. The supernatant liquid is first filtered 
through a Munroe’s crucible * (page 93) and the precipitate then transferred to the 
crucible. The precipitate is washed thoroughly with a hot 1 per cent, solution of 
ammonium chloride, followed by a cold saturated solution until, on continuing the 
suction, the bottom of the crucible is coated with the solid salt. After wiping off this 
coating, the bottom of the crucible is covered with a platinum cap to prevent sub- 
sequent access of air. A small jet of burning hydrf)gen is now introduced into the 
crucible through a silica Rose’s crucible tube and lid so that it burns from underneath 
the edge of the lid. After 5 minutes, the crucible is gradually heated to volatilise the 
ammonium chloride and then strongly for 10 minutes. After cooling the crucible by 
removing the burner, the hydrogen flame is extinguished and the crucible cooled to 
room temperature in hydrogen. The hydrogen is finally replaced by a current of carbon 
dioxide and the crucible weighed. Great care must be taken to exclude air during the 
ignition, otherwise volatile osmium tetroxide will be formed. 

4. The Separation of Iridium ,^ — The liquid remaining in the distillation 
flask, after the removal of the osmium and ruthenium, is boiled to expel free 
chlorine and then acidified with hydrochloric acid to dissolve the suspended 
hydroxides. The solution is filtered to remove silica, which may have been 
formed by the action of the hot sodium hydroxide solution on the walls of the 
flask. To the solution add a moderate excess of ammonium chloride and two- 
thirds its volume of alcohol. Let the mixture stand about 24 hours. The 

^ R. Gilchrist, Bur, Stand. Joum. Research, 3 , 993, 1930; 6 , 421, 1931. Compare B. G 
Karpov, S. E. Krasikov and A. N. Fedorova, Ahn, Inst. PkUine, 12 , 159, 1935. 

* Filter-paper is inadmissible, since on ignition the osmium wiU be oxidised to the volatile 
tetroxide. A thickly packed Gooch crucible may be used, but air is liable to diffuse through 
its base and attack the osmium. 

* For the separation of iridium, see U. Antony, Oazz. Chim, Ital., 22 , (1), 275, 1892; 
C. 0. Bannister and E. A. du Vergier, Analyst, 39 , 340, 1914; R. Gilchrist, Journ, Amer. 
Chem. 80 c., 45 , 2820, 1923; S. Aoyama, Zeit. anorg. Chem., 133 , 230, 1924; W. R. Schoeller, 
Analyst, 51 , 392, 1926; O. E. Zvjagintsev, Ann. Inst. PkUine, 5 , 189, 1927; B. G. Karpov, 
ib., 4 , 360, 1926; B. G. Karpov and A. N. Fedorova, t 6 ., 9 , 106, 1932; zx, 136, 1933; L. 
Moser and H. Hackhofer, Monats, 59 , 44, 1932. 
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precipitate contains most of the iridium and platinum, with traces of palladium 
and rhodium. Filter and wash the precipitate a few times with half-saturated 
ammonium chloride solution, containing a drop of hydrochloric acid. The 
filtrate, after the addition of 1 c.c. of cone, nitric acid, is evaporated on a water 
bath almost to crystallisation point, and the solid which separates, if any, is 
filtered ofP and washed as before with ammonium chloride solution. The 
filtrate (filtrate A) is retained. The two precipitates are transferred to a 
weighed porcelain crucible, dried and the ammonium chloride fumed off at as 
low a temperature as possible. When all volatile matter has been expelled, 
the filter-paper is burnt off’ and the residue finally reduced at a red heat in a 
current of hydrogen. The metal is now filtered off*, washed thoroughly with 
hot water to remove traces of mineral salts, again ignited and reduced in the 
same crucible as before. The reduced metals are digested with aqua regia 
(IHNO3, 3HC1, SHgO). The platinum and any co-precipitated palladium pass 
into solution, the iridium and traces of rhodium, if any, remain undissolved. 
Filter and wash. After calcination, the insoluble residue is carefully fused 
with potassium bisulphate, avoiding loss by spurting (page 166). Any rhodium 
forms a soluble salt which subsequently passes into solution; the iridium is 
oxidised but it does not dissolve. The cold cake is digested in dilute sulphuric 
acid and, after filtering and washing free from sulphates, the insoluble residue 
is calcined in the weighed porcelain crucible, reduced in hydrogen and weighed 
as iridium.^ The filtrate (filtrate B) is reserved for the determination of 
rhodium. 

5. The Separation of Platinum . — The dilute aqua regia solution, containing 
the platinum, with possibly traces of palladium, is repeatedly evaporated with 
excess of hydrochloric acid to remove nitric acid. The residue is moistened 
with hydrochloric acid, taken up in water and zinc added to the solution. 
Platinum and palladium are precipitated. Filter and wash with water, acidi- 
fied with hydrochloric acid. Ignite and weigh as platinum.^ 

6. The Separation of Palladium . — Combine filtrates A and B, boil gently to 
expel the alcohol and nearly neutralise the excess of acid. Cool and saturate 
the cold, weakly acid solution with hydrogen sulphide. Gold, copper and 
palladium are quantitatively precipitated, with possibly some rhodium, if 
present in considerable quantity. Filter and wash the precipitated sulphides. 
Strongly acidify the filtrate with hydrochloric acid and pass hydrogen sulphide 
through the hot solution. All the rhodium in the solution is precipitated.® 
Filter and wash as before. The filtrate from the sulphide precipitations 
contains the metals of the iron-aluminium group, together with the nickel 
from the crucible used in the initial fusion * (see page 265). The two sulphide 

^ This may still contain a tracx^ of rhodium and possibly of iron. For the separation 
of iridium and rhodium, see Claus {l.c.); Deville and Debray {Lc.)\ I. Wada and T. Nakazono, 
8 ci. Papers Inst. Phys. Chem. Res. Tokyo, i, 139, 1923; V. V. I^ebedinski, -dnw. Inst. Platine, 
5 , 364, 1927; B. O. Karpov, ih., 6 , 98, 1928; 9 , 108, 1932; R. Gilchrist, Rwr. Stmid. Journ. 
Research, 9 , 547, 1932; ih., 12 , 283, 291, 1934. For the separation of iridium and iron, see 
Moser and Hackhofer {l.c.); Schoeller (/.c.). 

* The residue may contain palladium and perhaps traces of iridium. For the separation 
of palladium and platinum, see H. D. Greenwood, Chem. Zemir., ( 1 ), 220, 1915; A. M. Smoot, 
ib., ( 1 ), 220, 1915; Oster. Zeit. Berg. Hiittenw., 62 , 578, 1914; W. Schmidt, Zeit. anorg. Chem., 
80 , 335, 1913; W. Manchot, Ber., 58 B, 2518, 1925; J. HanuS, A. Jllek and J. Lukas, Chem. 
News, 131 , 401, 1925; 132 , 1, 1926; S. C. Ogbum, junr., and A, H. Reismayer, Journ. Amer. 
Chem. 80 c., so, 3018, 1928; S. C. Ogburn, junr., and W. C. Brastow, ib., 55 , 1307, 1933; 
0. E. Zvjaginstev, Ann. Inst. Plaiine, 4 , 364, 1926. 

* I. Wada and S. Saito, Bull, Inst. Phys. Chem. Res. Tokyo, 8 , 749, 1929. 

* Note, nickel usually contains a small proportion of iron. Hence, if iron is to be deter- 
mined, the iron content of the nickel crucible must be known and an allowance made from 
the loss in weight of the crucible after the peroxide fusion — Schoeller (l.c.). 
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precipitates are rojisted and the residue digested with hydrochloric acid; 
pailadiuni and co[)per [)ass into solution, gold and rhodium remain undissolved. 
Filter, wash and neutralise the cold filtrate with l-ON-sodium carbonate solu- 
tion until alkaline to phenolphthalein, then add 0-2 c.c. in excess. Copper, 
if present, will be precipitated. Stand for 30 minutes, filter and wash the 
preciyhtate, if any. To the filtrate add an excess of a cold 1 per cent, alcoholic 
solution of dimethylglyoxime ^ and stand for 3 to 12 hours, depcmding on the 
amount of palladium present. Filter, wnisli with hot water, dry, ignite 
cautiously first in air, then in hydrogen, and weigh as paUadlam. 

7. The Separation of Rhodium and Gold . — The imsoluble residue of rhodium 
and gold, obtained in the palladium se])aration, is digested with aqua regia. 
The gold dissolves and the rhodium remains insoluble. Filter and wash. 
Precipitate the gold from the filtrate in the usual manner; dry and weigh 
the insoluble powder as metallic rhodium.^ 

The above method gives a very fair approximation. The results check very 
fairly against more elaborate sidiemes.^ 

S 236. The Detection of Selenium. 

Selenium and tellurium determinations ^ are very ran‘ly needed in technical 
analyses for the silicate industries. Selenium is used in the }>reparation of 
certain reddish colours, and in bleaching and decolorising glasses and special 
enamel frits.^ In the latter case, the amount in qu(‘stion may vary from ()‘0()2 
to 0*0()4 per cent., and a qualitative test ® may tlnm reveal whether or not 
selenium is present; but quantitative determinations are only satisfactory if a 
relatively large amoimt of the material is taken for the analysis. 

In the regular course of qualitative analysis, selenium ^ and tellurium 
appear as members of the sub-group of eleimmts whose sulphides are pre- 
cipitated by hydrogen sulphide in acid solutions, and whose sulphides are also 


^ For the ^^lyoxime proeesH for jialladium, .see M. Wtiruler anti V’. Thuringer, Zrit. anal. 
Chrin., 52, 101, (iOO, 101.3; A. Giitbier and Fellner, 54, 205, 1915; F. Krauss 
and H. Deneke, ib., 67, 86, 1925; 0. W. Davis, ILS. Bur. M keplft. Jnrr.sfi(jafiofi^% Xo. 
2351, 1922; ib.. No. 2731, 1926; H. E, /schiegner, /W. Chnn., 17, 294, 1925; S. C. 
Ogburn, junr., Jouru. Anur. Vhem. Sac., 48, 2507, 1926; Chvm. Eng. Min. Rev., 20, 142, 
17(), 1928; VV. Graulieh, (kster. Chem. Ztg., 2, 1930; Anon., Ann. Inst. Pfatinc, 9, 109, 
1932; B. G. Karpov, ih., 9, 108, 1932; H. Holzer, Zfit. anal. Chem., 95, 392, 1933; F. E. 
Beamish and M. Scott, ind. Eng. Chem. Anal. Ed., 9, 460, 1937. For alternative methods of 
separation, sec footnote 2, p. 479. For the colorimetric determination of palladium, see A. A. 
Christman and E. L. Kandall, Journ. Bi<d. Chem., 102, 595, 1933; A. A. Christman, W. D. 
Black and J. Schultz, Ind. Eng. Chem. Anal. Ed., 9, 153, 1937. 

® It will be obst?rved that traces of the platinum metals which escape* precipitation 
accumulate with the gold and rliodium. For the separation of rhodium, see also hi. Wichers, 
Journ. Amer. Chem. Hoc.., 46, 1818, 1924; L. Moser and H. Gruber, Monats., 59, 61, 1932; 
O. E. Zvjaginstev, Journ. App. Chem. {U.H.H.R.), 5, 217, 1932. 

® For reviews of recent analytical methods for determining the platinum metals, see 
M. Frommos, Zeit. anal. Chem.., 99, 305, 1934; K. Gilchrist and E. Wichers, IX Cong. Intern, 
Quim. Pura Applicata (Madrid), 6, 32, (1934), pub. 1936; Journ. Atner. Chem. Hoc,., 57, 2565, 
1935. 

^ Tellurium determinations are chiefly required in the analysis of cupriferous pyrites and 
auriferous ores for metallurgical purposes. 

® F. Kraze, Hprechsmil, 45, 214, 227, 1912; P. Fenaroli, Chem.. Zfg., 36, 1149, 1912; 
38, 117, 1914; W. D. Treadwell, Ker. Bund., 20, 220, 1912; O. N. Witt, ib., 22, 293, 1914. 

® For the detection of selenium in glass by codeine sulphate, see E. J. C. Bowmaker and 
J. D. Cauwood, Journ. Hoc. Glass Te,ch., ii, 386, 1927. 

^ A. Gutbier and J. Lohmann, Zeit. anorg. Chem., 42, 325, 1904; 43, 384, 1905; A. Betten- 
dorf and G. von Hath, Pogg. Ann., 139, 329, 1870; W. Muthmann, Zeit. Krist., 17, 367, 
1890; W. E. Ringer, Zeit. anorg. Chem., 32, 183, 1902; E. von Gorichten, Ber,, 7, 26, 1874; 
A. Ditte, Compt. rend., 73, 625, 660, 1871. 
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soluble in sodium monosulphide. When hydrogen sulphide is passed through a 
slightly acid solution of tellurous acid or a salt, a dark reddish-brown pre- 
cipitate is given which soon becomes almost black. Analysis of the precipitate 
shows that it contains tellurium and sulphur in the proportions required for 
TeS 2 , and this led Berzelius ^ to assume that the precipitate was a true sulphide. 
Becker showed that carbon disulphide dissolved out the sulphur, and hence he 
assumed that the supposed sulphide is but a mixture of sulphur and tellurium, 
formed by reduction of the tellurous acid: 2 H. 2 S + HgTeOa = Te + 2S + SHgO. 
At low temperatures, however, a sulphide, TeS, is formed, but it rapidly 
decomposes at temperatures above 0^. If selenium sulphide be precipitated 
from a cold solution, the lemon-yellow selenium sulphide — SeSg — ivS readily 
dissolved by alkali sulphides. If the solution be hot, the precipitate is 
orange-yellow and is much less soluble. Though hydrogen sulphide separates 
selenium from the elements which do not give precipitates with hydrogen 
sulphide in acid solutions, aelenium sulphide ^ cannot be quant ilatively separated 
from the mixed sulphides of the hydrogen sulphide group by the action of sodium 
or ammonium sulphide. Part of the selenium j)asses into solution and part 
remains associated with the insoluble sulpliides. In fact, from two-thirds to 
seven-eighths of the total selenium may remain with the insoluble sulphides of 
copper, bismuth and lead. For example, a solution of copper and selenium 
in dilute hydrochloric acid, just acid enough to prevent the precijntatiou of 
copper selenide, was treated ^ with hydrogen sulphide. The precipitate was 
digested with concentrated sodium monosulphide, washed with water contain- 
ing a little sodium sulphide and a little hydrogen sulphide, and finally with 
strong alcohol. The insoluble part, in four experiments, contained: 

Sulphur . . 0*3787 0*1049 0*1730 0*0416 grm. 

Selenium . . 0*2828 0*1726 0*1565 0*0239 grm. 

Copper , . 0*9880 0*4880 0*4909 0*0979 grm. 

Hence the alkali sulphide effects a very imperfect separation when selenium 
and copper are together precipitated in an acid solution. The process, however, 
is used in qualitative analysis. 

The selenium is precipitated from the ammonium or sodium sulphide 
solution by treatment with acids. ^ The washed and dried precipitate is mixed 
with twice its weight of a flux made by mixing equal parts of sodium nitrite 
and sodium carbonate. The mixture is added to a crucible containing two 
parts by weight of previously fused sodium nitrite. The mixture is fused up 
and poured while molten on a porcelain slab, and the cold mass and also the 
residue in the crucible, if any, are extracted with water — sodium antimonate, 
stannic oxide (gold, platinum and iridium) remain insoluble; selenic (telluric), 


' J. J. Bc^rzelius, Ann.. Chim. Phys., (2), 32 , 411, 1826; Fr. Becker, Liebig's Ann.^ 180 , 
257, 1876; B. Brauncr, Jcmrn. Chem. Soc., 57 , 527, 1895; A. Gutbier, Stvdien iiber das 
Tellur^ Leipzig, 51, 1901; W. O. Snelling, Journ. Amer. Chem. Soc., 34 , 802, 1912; A. Gutbier 
and F. Flury, Zeit. anorg. Chem., 32 , 272, 1902. 

* According to B. Kathke {Liebig's Afin.^ 152 , 181, 1869; Ber.^ 18 , 1534, 1885; 36 , 594, 
1903), the precipitate is a mixture of SeS*, jSo,S, and S. Some hold that the precipitate from 
selenious acid is a mixture of selenium and sulphur. H. Rose, Pogg. A^in.^ 107 , 186, 1859; 
113 , 473, 1861; E. Divers and M. Shimose, Chem. News, 51 , 199, 1885; E. Divers and 
T. Shmidzu, Joum. Chem. Soc., 47 , 441, 1885; J. Meunier, Ann. Chim. Ital., 22 , 41, 1917. 

® E. Keller, Joum. Amer. Chem. Soc., 19 , 771, 778, 1897; 22 , 241, 1900; J. Meyer and 
J. Jannek, Zeit. anal. Chem., 534, 1913. 

* The ammonium or sc^um sulphide solution contains selenium, molybdenum, tin, 
antimony, arsenic, tellurium, gold, platinum, etc. 


31 
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molybdic and arsenic acids are dissolved as sodium salts. Add an excess of 
hydrochloric acid and boil the solution to reduce the sodium selenate, 
Na 2 Se 04 , to selenious acid, HgSeOg: 

Na 2 Se 04 + 4HC1 - 2NaCI + HaSeOa + H^O + Cl^ 

Then boil the solution with sulphurous acid,^ a hydrazine salt^ — sulphate, 
hydrochloride or hydrate — hydroxylainine,® or some other suitable reducing 
agent.^ Brown or red-coloured selenium is precipitated.^ 

For opening glasses and frits, treat 5 grrns. of the finely powdered material 


^ H. Rose, Pt^g. Atm., 113 , 472, 1861; ZeAt. anal. Chem., i, 78, 1862; A. Angeletti, 
Oazz. Chhn. ItaL, 53 , ( 1 ), 839, 1923; V. Lenher and D. V. Smith, Ind. Eng. Chern., i 6 , 837, 
1924; V. Lenher and C. H, Kao, Jovrn. Amrr. Chem. ^SV., 47 , 769, 2454, 1925; E. H. Shaw 
and E, E. Reid, ib., 49 , 2330, 1927; E. Keller, /5., 22 , 241, 1900; E. T. Erickson, Journ. 
Wash. Acad. Sci., 19 , 319, 1929; K. Wagermann and H. Triebel, Melall U7id Erz, 27 , 231, 
1930; Chem. Zentr., (2), 273, 1930; AV. Geilmann and Fr. W. Wrigge, Zeit. anorg. allgem. 
Chem.f 210 , 357, 1933; K, Bruckner, Zeit. anal. Chem.^ 94 , 305, 1933; J. B. Krak, Class 
Ind.y 9 , 152, 1928; A. A. Borkovskii and A. A. Babalova, Zavodskaya Lab., 3 , 306, 1934. 

® P. Jannasch and M. Muller, Ber., 31 , 2388, 1898; G. Fellini, Gazz. Chim. Jtal.y 33 , ( 1 ), 
515, 1903; A. Gutbier, G. Metzncr and J. Lohmann, Zeit. anorg. Chem., 41 , 291, 19(>4; 
J. Meyer and J. Jannek, ib.y 83 , 51, 1913; 3. Meyer, Zeit. anal. Chem.y 53 , 145, 1914; A. Gut- 
bier and F. Engeroff, ib.y 54 , J93, 1915; V. Lenher and 0. H. Kao, Journ. Amer. Chem. Soc., 
47 , 2454, 1925; E. Benesch and E. Krdhcim, Chem. Ztg., 54 , 954, 1930; K. Wagermann 
and H. Triebel, Metall und Erz, 27 , 231, 1930; Chem. Zentr.y (2), 273, 1930; V. Hovorka, 
Coll. Czech. Chem. Comm., 4 , 3 (K), 1932; K. Bruckner, Zeit. anal. Chem., 94 , 305, 1933; 
A. Cousen, Journ. Soc. Glass Tech., 7 , 303, 1923. 

® P. Jannasch and M. Muller, Ber., 31 , 2388, 2393, 1898; A. Gutbier, Ber., 34 , 2724, 
1901; Studien uber das Tellur ^ Leipzig, 65, 1901; Liebig's Ann.y 320 , 52, 1902; Zeit. anorg. 
Chem.y 29 , 22, 1902; 31 , 331, 340, 1902; 32 , 31, 51, 91. 96, 108, 260, 272, 1902; V. Lenher and 
C. H. Kao, Journ. Amer. Chem. Soc., 47 , 2454, 1925; R. Rosenheim and M. Weinheber, 
Zeit. anorg. Chem., 69 , 266, 1911. For tellurium it is recommended that the reduction be 
effected in a weakly alkaline solution with a 10 per cent, solution of hydrazine sulphate 
contained in a beaker placed in an autoclave heated to 130® under a pressure of 3 or 4 atmo- 
spheres. See also V. Ijenher and A. AV. Homberger, Jo%im. Amer. Chem. Boc., 30 , 387, 
1908; V. Lenher and 0. H, Kao, ib., 47 , 769, 2454, 1925; J. B. Menke, Zeit. anorg. Chem., 
77 , 282, 1912; V. Lenher and 1). P. Smith, Ind. Eng. Chem., 16 , 837, 1924; K. Wagermann 
and H. Triebel, Meiall und, Erz, 27 , 231, 1930; Chem. Zentr., (2), 273, 1930; O. E. Clauder, 
Zeit. anal. Chem., 89 , 270, 1932; W. Geilmann and Fr. W. Wrigge, Zeit. arunrg. allgem. Chem., 
210 , 357, 1933. 

* Phosphorous acid (H. Rose, Handbuch der analytischen Chemie, Braunschweig, 2 , 441, 
1871; A. Gutbier, Zeit. anorg. Chem., 41 , 448, 1904); potassium iodide and hydrochloric acid 
(A. W. Peirce, Amer. J. Bcience, (4), i, 416, 1896; Zeit. anorg. Chem., 12 , 409, 1896; F. A. 
Gooch and W. G. Reynolds, ib., 10 , 248, 1895; Amer. J. Sciencs, (3), 50 , 249, 1895; F. A. 
Gooch and A. W. Peirce, ib., (4), i, 31, 1896; Zeit. anorg. Chem., ii, 249, 1896; W. Muth- 
mann and J. Schafer, Ber., 26 , 1008, 1893) — the reduction is more rapid than with sulphur 
dioxide, and a second reduction of the filtrate is not necessary; glucose (F. Stolba, Zeit. 
anal. Chem., ii, 437, 1872); magnesium or aluminium (L. Kastner, ib., 14 , 142, 1875); 
hypophosphorous acid (A. Gutbier and E. Rohn, Zeit. anorg. Chem., 34 , 448, 1903; A. Gutbier, 
ib., 32 , 295, 1902; ib., 41 , 448, 1904); stannous chloride (A. Grak and J. Petr^n, Bvensk Kem. 
Tidschrift, 24 , 128, 1912; P. Klason and H. Mellquist, Arkiv Ktm. Min. Oeol., 4 , No. 34, 1, 
1913; M. Schmidt, MeMll und Erz, 22 , 511, 1926; Chem. Zentr., ( 1 ), 739, 1926; A. A. 
Borkovskii and A. A. Babalova, Zavodskaya Lab,, 3 , 306, 1934); oxalic, formic, malonic or 
pyruvic acid (W. O. de Coninck and W. Chauvenet, Ann. Chim, anal., 21 , 114, 1916); thio- 
carbamide (P. Falciola, Ann. Chim. appl., 17 , 357, 1927); formaldehyde (E. Kheraskova and 
L. Veisburt, Zeit. anal. Chem., 102 , 353, 1935). For a general criticism of reducing agents, 
see A. Gutbier, G. Metzner and J. Lohmann, Zeit. anorg. Chem., 41 , 291, 1904; K. Wager- 
mann and H. Triebel, Metall und Erz, 27 , 231, 1930. Hydrazine salts and sulphurous aoid 
are recommended. 

® H. Rose {Zeit, anal, Chem., 1 , 73, 1862; Fogg. Ann,, 113 , 472, 624, 1861; Chem. News, 
5 , 185, 1862) has shown that the presence of hydroohloric acid is an essentisJ factor in the 
complete reduction of selenium salts. J. Meunier, Compt, rend., 332, 1916. 
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with sulphuric ^ and hydrofluoric acids in the usual manner.® Evaporate the 
solution to dryness. Digest the residue with water and filter. Selenium can 
be precipitated from the filtrate by boiling with a reducing agent. The 
aqueous extract of the sodium carbonate fusion can also be acidified and 
treated in a similar way. 

§ 237. The Gravimetric Determination of Selenium — 
Sulphurous Acid Process. 

Mix the powdered substance with 6 parts by weight of sodium carbonate and 
1 part of sodium nitrite in a nickel crucible.® Raise the temperature very 
gradually until the mass is fused. Extract the cold mass with water. Sodium 
selenate passes into solution.^ Acidify the solution with hydrochloric acid 
and boil until chlorine ® is no longer evolved — starch-iodide paper held in the 
steam will show this.® The boiling solution is saturated with sulphur dioxide.’ 
Selenium is precipitated. The boiling is continued for about 15 minutes.® 


^ Sulphuric a< 5 id sometimes contains traces of selenium — see footnote 2, p. 486. 

^ J. 11. Krak {Olasft Ind., 9 , 152, 1928) tises a mixture of nitric and hydrofluoric acids 
and removes the excess of the latter by repeated evaporation with nitric acid. A. Cousen 
{Juurn. tSftr. Gkutu Tech., 7 , 308, 1923) decomposes the glass in the cold with diluted hydro- 
fluoric acid (5; 3) and dissolves the residue of selenium in hydrocliloric acid and chlorine 
water, prior to reduction. 

* IMatinum crucibles are attacked by certain selenides. The crucible must be selected 
according to the nature of the material under investigation and the constituents to be sought. 
For selenium only, a porcelain crucible can be used. A nickel cnicible with sodium peroxide 
fusions may also used. E. Beneach and E. Erdhcim (Chem. Ztg., 54 , 954, 1930) open up 
insoluble materials by sintering in a nickel crucible one part of the sample with three parts 
each of ferric oxide powder and potassium chh»rate and four parts of sodium bicarbonate. 

* If a soluble alkali selenate be in question, the fusion is not needed. 

® If the solution contains nitric acid, this must be removed by rejx‘ated evaporation witli 
concentrated hydrochloric acid (page 464). 

* According to Hathke, no appreciable loss of selenium will occur if the solution contains 
sodium or potassium chloride (B. Rathke, Liebig's Ann., 152 , 194, 206, 1869; Jouru. prakt. 
Chem., ( 1 ), 108 , 249, 1869; Zeit. anal. Chem., 9 , 484, 1870). J. Meyer {Zeit. ami. Chem., 
53 , 145, 1914) maintains the contrary. J. Meyer {l.c.), V. Hovorka (Coll. Czech. Chem. 
Comm., 4 , 300, 1932) and A. Gutbier and F. Engeroff (Zeit. anal. Chem., 54 , 193, 1916) report 
the mechanical loss of selenium in the spray of evolved nitrogen when hydrazine is used for 
reduction. The latter say that some hydrogen selenido is also formed, but that its production 
is minimised in the presence of citric acid. V. Lenher and D. P. Smith (Ind. Eng. Chem., 16 , 
837, 1924; K. Wagermann and H. Triebel, Metall und Erz, 27 , 231, 1930; W. Geilmann and 
Fr. W. Wrigge, Zeit. anorg. allgem. Chem., 210 , 357, 1933) recommend distillation from 
sulphuric acid solution in a stream of gaseous hydrochloric acid. Volatile selenium tetra- 
chloride passes over. It is collected in water and the aqueous solution subsequently reduced 
with sulphur dioxide. A little tellurium also distils over (W. Geilmann and Fr. W. Wrigge, 
f.c.). 

’ Sodium or ammonium bisulphite may also bo used (H, Bauer, Ber., 48 , 507, 1915; 
A. Michaelis, ib., 48 , 873, 1915). 

* According to H. Rose (l.c.), solutions of selenious acid cannot be heated above 100” without 
appreciable loss of selenium by volatilisation. In the case of nitric acid solutions,. the removal 
of nitric acid by evaporation on a water bath as recommended by Rose (l.c.; E. Divers and 
M. Shimos^, Joum. Chem. Soc., 47 , 439, 1885; P. Michaelis, Ber., 30 , 2827, 1897; R. E. Lyons 
and F. L. Shinn, Joum. Amer. Chem. Eoc., 24 , 1087, 1902) leads to low results. Boiling under 
a reflux condenser with concentrated hydrochloric acid, in order to remove the nitric acid, is 
not successful even after boiling for 6 hours. Lyons and Shinn add a quarter as much silver 
or zinc nitrate as is sufficient to combine with the selenium. The selenite so formed is stable 
at 100 ”, and insoluble enough in cold water to enable the precipitate to be washed free from 
nitric acid and nitrates. Evaporate the mixture to dryness. IVash down the sides of the 
vessel with a little water; evaporate again. Treat the residue with 50 c.c. of dilute ammonia 
and evaporate the solution to dryness; again add ammonia and again evaporate to dryness. 
The Ag^eO, . NH* so formed (B. Boutzoureano, Ann. Chim. Phys., ( 6 ), x 8 , 289, 1889) is 
insolume in water and stable at 100”. Add water twice and evaporate after each addition 
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The precipitate becomes more compact and easier to filter after boiling. The 
colour also changes from red to dark brown. The precipitation is somewhat 
slow and it is necessary to test the filtrate, or a little of the clear liquid, with 
more reducing agent — say ammonium bisulphite — to make sure that precipita- 
tion is complete. If not, add more reducing agent and repeat the sequence of 
operations.^ Collect the brown precipitate on a Gooch crucible; wash with hot 
water, ^ then with alcohol and finally with ether. Dry the crucible between 
100° and 105°, and weigh as selenium — Se.^ 

The following numbers represent the type of results which can be obtained 
with this process in the presence of a large excess of copper sulphate : 

Se used . 0-0100 0-0100 0-0500 0-0500 0-0100 0-0100 grin. 

Se found 0-0094 0-0096 0-0507 0-0496 0-0103 0-0094 grm. 


Ejfect of the Acidity of the Solution on the Precijyitation of Selenium and 
Tellurium by Sulphur Dioxide.- ThiA method of prec-ipitating selenium — 



Fk). 107. — Influence of the Acidity of the Solution on the Precipitation of 
8eleiiium and Tellurium. 


boiling with sulphur dioxide in the presence of hydrochloric acid — separates 
selenium from all metals not precipitated by sulphur dioxide, and also from 
arsenic, antimony and tin.^ If much antimony be present, however, tartaric 
acid must be added to prevent the separation of antimony oxychloride, unless 
the solution be very strongly acid. The concentration of the hydrochloric acid 

to drive off the ammonia. When cool, take up the residue with hydrochloric acid, filter, 
wash and reduce the selenium by sulphur dioxide. See also T. Gassmann, Zeii. physiol. 
Chem., 100, 182, 1917. 

^ G. Pellini {Gazz. Chim. Jtal., 33, i., .515, 190.3; G. Pellini and E. Spelta, ib., 33, ii., 89, 
1903) adds .50 to 100 c.c. of a saturated solution of ammonium tartrate and warms the 
solution for a couple of hours at 50" to 60° with hydrazine sulphate. Selenium is said to be 
precipitated, tellurium not precipitated. Collect the precipitate on a Gooch crucible in 
the usual manner. The tellurium is precipitated from the filtrate by hydrogen sulphide. 
V. Lenher and C. H. Kao {Juum. Arner. Chem. Soc., 47, 2454, 1925) recommend a similar 
process, using hydroxylamine hydrochloride as a reducing agent. 

* Washing with warm water is inclined to transform the selenium into a soluble colloidal 
state (H. Schulze, Joum. prakt. Chem., (2), 32, 390, 1886; A. Gutbier, Zeit. anmg. Chem., 
32, 61, 106, 1902). 

* For converting selenium into the dioxide by burning it in a current of oxygen, see 
P. Klason and H. Mellquist, Arkiv Kem. Min. Geol., 4, No. 18, 1, 1911. 

* Some of the heavy metals may be partially precipitated by sulphur dioxide. 
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needs special attention. There is a maximum and a minimum concentration 
of the acid between which “best” results can be obtained. Keller’s important 
experiments ^ on this subject show that, with hydrochloric acid of specific 
gravity 1*175 and with solutions containing 0*1000 grm. each of tellurium and 
selenium, the amounts of selenium and tellurium, which separated when 
solutions of different acidity were saturated in the cold with sulphur dioxide, 
were as follows 

Table LIU, — Effect of the Acidity of the Solution on the Preeijntation of 
Selenium and Tellurium by Sulphur Dioxide, 


Acidity 
per cent. 

Selenium. 

Tellurium. 

Acidity 
per cent. 

' 

Selenium. 

Tellurium. 

0-5 


total 

40 

total 

total 

1 

0 

0-0761 

50 

total 

total 

2 


0-0600 

60 

total 

total 

3 

trace 

0-0653 

65 

total 

0-0965 

5 

0-0124 

0-0745 

70 

total 

0-0882 

8 


0-0931 

75 

total 

i 0-0411 

10 

0-0349 

total 

80 

total 

nil 

20 

0-0800 

total 

90 

total 

nil 

30 

total 

total 

KK) 

total 

nil 


These numbers are plotted in fig. 107. The left-to-right downwards cross- 
hatching shows where selenium is wholly precipitated; the right-to-lefi 
downwards cross-hatching shows where tellurium is wholly precipitated; and 
left-to-right and right-to-left cross-hatching shows where both tellurium and 
selenium are precipitated. 

If selenium alone be present, total precipitation occurs if the acidity of the 
solution exceeds 30 per cent. If both selenium and tellurium be present, 
tellurium and selenium will all be precipitated if the acidity of the solution be 
kept between 30 and 60 per cent. But outside these limits either selenium or 
tellurium may be wholly or partially precipitated, according to the strength of 
the acid. Selenium will alone be precipitated from a mixed solution if the 
acidity of the solution exceeds 80 per cent,^ Hence, if selenium be first pre- 
cipitated from a solution over 80 per cent, acidity, and the solution made up to 
twice its former volume with water, the tellurium will be precipitated by a 
repetition of the sulphur dioxide treatment. The tellurium may be filtered off, 
dried and Aveighed in a vsimilar manner to the process described for selenium.® 


^ E, Keller, Journ, Aim.r, Chem, Sctc,, 19, 771, 1897; C. Alexi, Ueher dm BeMimmung von 
Selen und Tellur und die Untersuchung von selen- und tellur-haUigm Uandelskupfer, Berlin, 
1905. 

* The precipitates are more voluminous from feebly acid solutions than from strongly 
acid solutions. 

® For the reduction of tellurium solutions with hydrazine salts, see A. Rosenheim and M. 
Weinheber, Zeit, anorg, Chem,, 69, 266, 1910; P. Jannasch and M. Muller, Ber., 31, 2377, 
1898; A. Gutbier, ib,, 34, 2724, 1901 ; V. Lenher and A. W. Homberger, Journ, Amer, Chem, 
Soc,^ 30, 387, 1908; V. Lenher and C. H, Kao, ib,, 47, 769, 1925; J. B. Menke, Zeit, anorg, 
Chem,, 77, 282, 1912; W. Geilmann and Fr. W. Wrigge, Zeii, anoxg, allgem, Chem,, 210 , 
357, 1933. For the determination of tellurium in minerals, etc., see C. H. Fulton, Journ, 
Amer, Chem, Soc,, 20, 586, 1898; E. Keller, ib., 19, 771, 1897; V. L4iner, ib., 21, 347, 1899; 
V. Lenher and A. W. Homberger, ib,, 30, 387, 1908; E, Donath, Zeit, angew. Chem,, 3, 216, 
1890; K. W. E. Maclvor, Chem, Newa, 86, 308, 1902; T. Egleston, ib,, 47, 51, 1883; C. 
Whithead, Journ, Amer. Chem, Soc., 17, 849, 1895; A. Gutbier and J. Hul)er, Zeit, anal. 
Chem., S3t 1914; F. A, Gooch and J. Howland, Zeit. anorg. Chem., 7, 132, 1894; 
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Both volumetric ^ and colorimetric ^ processes have been proposed for the 
determination of selenium. 


E. Kroner, Chem. Zig.^ 59 , 248, 1935; L. Moser and R. Miksch, Monats.^ 44 i 349, 1914; O. E. 
Clauder, Zeit. anal. Chem., 89 . 270, 1932. For the separation of antimony and tellurium, 
see W. Miithmann and E. Schroder, ZeiL a7iorg. Chem., 14 , 437, 1897. For gold and 
tellurium, see V. Lcmher, G. B. L. Smith and D. C. Knowles, junr., h\d. Eng. Chem. Anal. 
Ed., 6 , 43, 1934. 

^ F. A. Gooch and A. W. Peirce, Zeit. anorg. Chem., IJ, 249, 1896; Amer. J. Sci., (4), 
I, 31, 1896; J. F. Norris and H. Fay, Amer. Chem. Journ., 18 , 703, 1896; 23 , 119, 1901; 
W. Muthmann and J. Schftfer, Her., 26 , 1008, 1893; E. Divers and T. Shimidzu, Journ. 
Chem.. Soc., 47 , 441, 1885; P. Klason and H. Mellquist, Arkiv Kern. Min. Gcol., 4 , No. 18, 1, 
1911; ib., 4 , No. 29, 1, 1912; L. Losana, Qiorn. Chim. ind. appl., 4 , 464, 1922; L. A. Congdon 
and W. W. Bray, Chem. Netvs, 128 , 266, 1924; L. Marino, Zeit. anorg. Chem., 6 $, 32, 1909; 
W. T. Schrcnk and B. L. Browning, Journ. Amer. Chem. Soc., 48 , 2550, 1926; Z. Littman, 
Chem. Ztg., 51 , 323, 1927; O. Tomi^ek, Bull. Soc. chim.., 41 , (4), 1389, 1927; R. Berg and 
M. Teitelbaum, Chem. Ztg., 52 , 142, 1928; K. Benneach, ib., 52 , 878, 1928; A. A. Borkovskii 
and A. A. Babalova, Zavodska.ya Lab., 3 , 306, 1934; W. C. Coleman and C. R. McCrosky, 

Eng. Chem. Annl. Ed., 9 , 431, 1937; Journ. Amer. Chem. Soc., 59 , 1458, 1937. 

* For the colorimetric determination of selenium, J. tTannek and J. Meyer {Zeit. anorg. 
Chetn., 83 , 51, 1913; Ber., 46 , 2876, 1913) find that sodium hyposulphite gives a sensitiveness 
of 0-005 ptir cent, of SeOg in water or 0-002 per cent, in concentrated sulphuric acid; while 
with potassium iodide and starch, 5 x 10~’ grm. of selenium dioxide can be detected in 1 c.c. 
of solution, or five times that quantity in concentrated sulphuric acid. See also »I. Meyer 
and VV. von Garn, Zeit. anal. Chem.., 53 , 29, 145, 1914; 8 . Littmann, Zeit. angew. Chcin., 19 , 
1039, 1081, 1906; A. Cousen, Journ. Soc. Glass Tech., 7 , 303, 1923; W. O. Robinson, 11. C. 
Dudley, K. T. Williams and H. G. Byers, Ind. Eng. Chem. Arml. Ed., 6 , 274, 1934; 7 , 3, 
1935; K. W. Franke, R. Burris and R. S. Hutton, ib., 8 , 435, 1936; W. C. Hughes and H. N. 
Wilson, Journ. Soc. Chem. Ind., 55 , 359T, 1936; S. T. Volkov, Trans. AlUU^iion Sci. Res. 
Inst. Econ. Mineral, No. 98, 1936; Zavadskaya Lab., 5 , 1429, 1936; V. K. Zemel, ib., 5 , 
1443, 1936. For the detection and determination of selenium in sulphuric acid by codeine 
phosphate, see E. Schmidt, Arch. Bharm., 252 , 161, 1914; T. Raikhinstein (Z. Reichinstein), 
Trans. Inst. Pure Chem. Reagents, Moscow, 6 , 27, 1927 ; Chem. Zentr., ( 1 ), 230, 1928. (Compare 
R. 0. Wells, Journ. Wash. Acad. Sci., 18 , 127, 1928. For the determination of traces of 
selenium in sulphide minerals, see M. Schmidt, Metall uud Erz, 22 , 511, 1925; Chem. Zentr., ( 1 ), 
739, 1926; H. Lindhe, Iva, No. 2 , 42, 1936. For a review of the analytical chemistry of 
selenium and tellurium, see M, Frommes, Zeit. anal. Chem., 96 , 447> 1934. 



CHAPTER XXXIL 


THE DETERMINATION OF ALUMINIUM AND 
BERYLLIUM COMPOUNDS. 

§ 238. The Gravimetric Determination of Alumina — 

Hess and CampbelPs Process. 

The errors in the determination of the titanium and iron accumulate on the 
alumina. So also do the errors arising from an imperfect ignition of the mixed 
oxides (FcgOa— ►Fe 304 ), iniperfect washings and imperfect separations. It is 
therefore interesting to find the magnitude of the error affecting the alumina 
under the conditions of the analysis by the process indicated in Part II. We 
have seen that with the clay in question there was an error of -t0*07 per cent, in 
the determination of the titanic oxide, an error of rl. 0*06 per cent, in the 
determination of the ferric oxide, and an error of ±0*13 per cent, in tlie deter- 
mination of the mixed oxides. Consequently the error in the determination of 
the alumina by difference ^ amounts to about i.(>()9 per cent. This is probably 
not far different from what would be obtained by a direct determination. The 
error does not multiply up as it did when the alkalies were determined by 
difference (page 214). The above estimate of the error becomes less favourable 
the less the proportion of alumina in the mixed precipitate and the greater the 
proportion of ferric oxide and titanic oxide. A small positive error in the 
determination of the two oxides — iron and titanium — might altogether mask 
small amounts of alumina. It is therefore desirable to use a direct method for 
the determination of small amounts of alumina in the presence of large amounts 
of iron. 

Several processes have been suggested for the direct determination of 
alumina, but most of them are not very satisfactory in general work. The 
sodium thiosulphate process will be discussed later, when dealing with zir- 
conium (pages 553, 562). Hess and Campbell ^ give a process which works 
well. After a critical examination of the method, Allen said that “minute 
quantities of alumina may be accurately separated from large amounts of iron 
by this process.’’ It is based on the fact that aluminium hydroxide is quanti- 
tatively precipitated from solutions by the addition of phenylhydrazine. Any 
phosphorus which may be present will be precipitated with the aluminium 


^ For the methods of (calculation, see J. W. Mellor, Higher Math^maUeSf London, 518, 
1926. 

* W. H. Hess and E. D. Campbell, Chern, News, 8x, 158, 1900; Jouni. Amer. Chem. Soc., 
776. 1899; E. T. Allen, id., 25, 421, 1903; Chem. News, 89, 43, 63, 76, 88, 103, 1904; 
M. Wunder and N. Ch^lad*e, Ann. Ohim. anal., 16, 205, 1911; F. L. Hahn and G. Leimbach, 
Ber., 55B, 3161, 1922; 8. Ishimaru, Bci. Rep. T6hokn Imp. Univ., (1), 25,780, 1936; Journ. 
Chem. 80c. Japan, 53, 967, 1932; H, Honjo, ih., 57, 682, 1936: H. H. Willard and N. K. 
Tang, /nd. Bng. Chem. Anal. Ed., 9, 357, 1937. 
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hydroxide as aluminium phosphate. Chromium,^ titanium, zirconium ^ and 
thorium,® if present, will be precipitated with the aluminium hydroxide; but 
ferrous iron,^ beryllium,® manganese, zinc, cobalt, nickel, cadmium, mercury, 
magnesium, barium, strontium and calcium will not be precipitated.® 

FirM Precipitation. — The solution is diluted to 100 or 200 c.c., according to 
the amount of alumina to be precipitated, and heated to about OO'^. Ammonia 
is added until the precipitate formed just redissolvea. Add 5 to 20 drops, 
according to the amount of iron in solution, of a neutral saturated solution 
of ammonium bisulphite,’^ with constant stirring, until the solution smells 
strongly of sulphur dioxide. If the solution turns deep red, it is not acid 
enough. The red colour shows that ferric sulphite is present. In that case, 
add a few drops of hydrochloric acid, then add ammonia (piickly ® to make the 
solution neutral as before. Add a couple of droj)s of dilute hydrochloric acid. 
Add phenylhydrazine ^ (1 to 3 c.c.), with constant stirring, to the liquid 
smelling strohgly of sulphur dioxide, until all the alumina is precipitated. 
When the precipitate has become flaky and settles quickly, filter as usual. 
The filtration should be done quickly or a brownish scum may form on the 
surface of the solution and on the sides of the beaker. The solution should not 
stand more than an hour before filtration. The precipitate is generally 
coloured brown. The colouring agent is not necessarily ferric hydroxide, but 
rather organic impurities in the precipitating agent. Wash the precipitate 
with hot water containing dilute phenylhydrazine bisulphite in solution. 
Continue the washing until the wash-water gives no indication of iron when 

^ The precipitation of chromium is slowest in chloride solutions and quickest in nitrate 
and sulphate solutions. 

* A. M. Jefferson {Journ. Amer. Chem. Soc., 24, 543, 1902) says that zirconium is not 
precipitated by phenylhydrazine, but Allen shows that this is a mistake. Titanium and zir- 
conium can be separated from beryllium in chloride solutions by this precipitant. 

® Thorium is precipitated completely from nitrate solutions, cerium only partially. 

* Phenylhydrazine is a powerful reducing agent, and it thus plays a double r6le: (1) 
maintaining the iron in the ferrous condition; and (2) precipitating the alumina. .Ferric 
oxide, it may be added, is partially precipitated by phenylhydrazine. It is nec^essary to 
convert the ferric into ferrous salts before adding the phenylhydrazine, because the latter 
does not rerluee ferric salts very rapidly. 

® Beryllium is not precipitated from (;hloride .solutions, but a large proportion is pre- 
cipitated from sulphate solutions and a trace from nitrate solutions. The method for the 
separation of aluminium and chromium from bciryllium by this process, which naturally 
here suggests itself, does not work. 

® If zinc, cobalt, nickel, mercury or cadmium be present in concentrated solution the 
corresponding hydroxides may be precipitated. Molybdenum salts give a bright red colora- 
tion — L. Spiegel and T. A. Maass, JJer., 36, 512, 1903. 

’ Ammonium Bisulphite Solution. — Pass sulphur dioxide from a syphon of the liquefied 
gas into a cooled solution of ammonia (1:1) until the solution becomes yellow. The object 
of the sulphur dioxide is not only to reduce the iron, but to keep it in the reduced condition 
so as to prevent its precipitation with the alumina. 

* If the operation be done slowly, some ferric hydroxide may be formed which does not 
dissolve readily in the dilute hydrochloric acid. 

* To prevent a waste, it is best to add 1 or 2 c.c. of phenylhydrazine and, if no precipitate 
is formed, add dilute ammonia drop by drop until a precipitate is just visible. Clear this up 
by adding one drop of acid and add more phenylhydrazine. If too little phenylhydrazine 
has been added, a few drops of the filtrate will show the mistake. The phenylhydrazine 
should be free from foreign organic matter. Tin has been detected in commercial samples. 
For its preservation, see G. Denig^s, Bull. Trav. Soc. Pharm. Bordeaux^ 52, 513, 1912; F. D. 
Chattaway, Chem. News, 103, 217, 1911. 

Phbnylhydeazink Bisulphite Solution. — Add a cold saturated solution of sulphurous 
acid gradually to a few cubic centimetres of phenylhydrazine until the precipitate of phenyl- 
hydrazine sulphite, first formed, redissolves to a yellow solution. If the odour of sulphur 
dioxide appears alter standing a few minutes, add a few drops of phenylhydrazine to neutralise 
the sulphur dioxide. This solution keeps indefinitely in a well-stoppered bottle. For use, 
mix from 5 to 10 c.c. of the solution so prepared with 100 c.c. of hot water. 
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mixed with a few drops of ammonium sulphide, and no indication of chlorides. 
Test the filtrate with a couple of drops of phenylhydrazine to make sure that 
precipitation is complete. 

Second Pfecipitation. — It is best to redissolve the j)recipitate on the filter- 
paper in hot dilute hydrochloric acid; wash the paper well with hot water; 
neutralise the solution with ammonia; acidulate with a couple of drops of 
hydrochloric acid (1 : 1); and precipitate the aluminium hydroxide from the 
small volume of liquid by the addition of, say, 0*5 c.c. of phenylhydrazine. 
Wash as before. 

The Igmtion. — The filter-paper is dried in a platinum crucible, charred at 
a low temperature and ignited at a bright red heat until its weight is constant. 
A second ignition is always advisable to make sure the weight is really constant. 
Weigh as alumina — AUOg. 

Errors.- Allen found that when aluminium hydroxide is precipitated from 
pure solutions the results are inclined to be rather low. For example: Used, 
0-2500 grm. AI2O3; found, 0-2487 grm. AlgOg; error, -0-0013 grm. But the 
separation ol aluminium, titanium and zirconium from iron, in a solution 
containing a mixture of all four salts, gave excellent results. Thus : 

Used . . 0-1817 0-1648 0-1059 0-0726 0-0595 grm. 

Found. 0-1816 0-1654 0-1063 0-0717 0-0603 grm. 

Error . . -0*0001 -h0-0(X)6 -f 0-0004 -0-0009 +0-0008 grm. 

If phosphorus be present, it must either be determined on a separate 
sample, or the ignited alumina fused with sodium carbonate or potassium 
bisulphate (page 166), and the phosphorus determined as indicated on page 672. 
If the phosphorus be in excess of that required to form aluminium phosphate 

AIPO4 — Hess and C^ampbell recommend the addition of an excess of a 
solution of aluminium chloride of known strength, and proceeding as indicated 
above, making due allowance for the extra alumina. 

If desired, the alumina and iron may be precipitated with ammonia in the 
usual way (page 164), or by the basic acetate process (page 383), and the 
alumina precij)itated as indicated above from the pyrosulphate fusion. The 
iron can be determined by diiference, or precipitated with ammonium sulphide.^ 
Other methods for the separation of aluminium and iron have been proposed.^ 

^ Along with oUier metals precipitated by that reagent, if such elements be present. 

® an examination of the various methods for aluminium, see N. Levine, Bull. Inftt. 
M eurice, 2 , 24, 1912; Circular^ Bureau Standards, No. 26, 1 913. For the separation by cupferron, 
8 (?e J. Brown, Jovrn. Amer. Chem. Soc., 39 , 2358, 1917; by o-phcnetidinc, K. Chalupny and 
K. Breisch, Zeit. angeuy. Chem., 35 , 233, 1922; by hydrazine carbonate, J. Lukas and A. 
Jilek, Coll. Czech. Chem. Comm., 24 , 2962, 1930; T. Kozu, Journ. Chem. Soc. Japan, 54 , 682, 
1933; by 8 -hydroxyquinoline, R. Berg, Zeit. ami. Chem., 76 , 191, 1929; T. Heezko, Chem. 

58» 1032, 1934; W. Steger, Ber. Deut. ceram. Ges., 16 , 624, 1935; S. Yu Famberg and 
E. M. Tel, Zavadskaya Lab., 5 , 1307, 1936. For other methods, see G. van Pelt, Bull. Soc. 
chim., Belg., 28 , 101, 138, 1914; P. Wenger and J. Wuhrmann, Ann, Chim. anal., (2), i, 337, 
1919; H. Borck, Chem. Ztg., 38 , 7, 1914; H. D. Minnig, Amer. J. Sci., (4), 39 , 197, 1915; 
S. Palkin, Joum. Ind. Eng. Chem., 9 , 961, 1917; E. 8 . v. Bergkampf, Zeit. anal. Chem., 83 , 
345, 1931; W. R. Ormandy, Joum. InM. Chem., 126, 1933; E. C. Pigott, hid. Chemist, 12 , 
360, 1936; P. N. Grigor’ev and V. G. Dubovitskaya, Ogneupory, 5 , 105, 1937. For colori- 
metric processes, see F. W. Atack, Joum. Soc. Ghent, hid., 34 , 936, 1915; • I, M. Kolthoff, 
Chem. Weekb., 24 , 447, 1927; P. S. Roller, Joum. Amer. Chem. Soc., 55 , 2437, 1933; J. H. 
Yoe and W. L. Hill, ib., 49 , 2395, 1927; V. C. Myers, J. W. Mull and D. B. Morrison, Joum. 
Biol. Chem., 78 , 695, 1928; E. W. Sohwartze and R. M. Hann, Science, 69 , 167, 1929; A. P. 
Mussakin, ZetL anal. Chem., 105 , 351, 1936; A. K. Babko, Univ. Hat Kiev Bull. sci. Becueil 
chim., 2 , No. 2 , 69, 1936. For the volumetric determination of aluminium, see A. Stock, 
Compt, rend., 130 , 175, 1900; Ber., 33 , 548, 1900; S, E. Moody, Zeit. anorg. Chem., 46 , 424, 
1905; Amer. J. Sci., (4), 20 , 181, 1905; I. P. Osipov, Jmm. Russ. Phys. Chem. Soc., 47 , 613, 
1916; T. V. Kovsoharova, ib., 47 , 616, 1915; V. N, Ivanov, ib., 46 , 419, 1914. 
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§ 239. The Analysis of Bauxite. 

An accurate and complete analysis of this mineral can be made by a process 
similar to that used for clays. ^ Time may be saved in analyses for commercial 
work by using, say, Handy’s process,^ which may be regarded as a type of 
many others. Here the mineral is decomposed by aqua regia so as to avoid 
an undesirable accumulation of alkali salts in the filtrate.® Mix 1’5 grms. of 
the finely powdered bauxite, dried at 100®, with 50 c.c. of acid,^ in a 3(K)-350 c.c. 
evaporating basin. Evaporate the solution until white fumes are evolved and 
continue heating the mixture for another 15 minutes. Cool. Add 100 c.c. 
of water; stir; boil for 10 minutes. The silica is thus dehydrated and 
precipitated. Filter the solution into a 300 c.c. beaker. Wash the precipitate 
with water. The filtrate and washings will occupy between 150 and 200 c.c. 

The insoluble matter ® is ignited in a platinum crucible and weighed. Add 
3~4 drops of sulphuric acid and about 5 c.c. of hydrofluoric acid. Evaporate 
slowly to dryness. Ignite and weigh. The loss in weight represents silica. 
Fuse the residue with a little potassium bisulphate. When all is dissolved, 
cool. Take up the mass with water and add the solution to the main solution. 
Any insoluble residue will be silica, which is filtered off, ignited and weighed. 
The weight is added to the previous result for silica. Make the mixed solution 
up to 300 c.c. 

Divide the 300 c.c. into three portions of 100 c.c. In one, precipitate a 
mixture of alumina, titanic oxide and ferric oxide with ammonium chloride 
and ammonia.® The filtrate from this solution is used for the determination 
of lime (page 202) and magnesia (page 208).’ The precipitate is washed, 
ignited and weighed (page 165). The titanium can be determined, if necessary, 
by the gravimetric process (page 193).® In the second 100 c.c., determine the 
iron by reduction with zinc and the permanganate titration (page 169).® The 


^ For an exhaustive account of the analysis of bauxite and high- alumina refractories, 
see G. E. F. Lundell and J, I. Hoffman, Bur, Stand, Journ, Research^ i, 91, 1928. Coi^are 
W. Singleton, Chem, Age — Chirm Clay Rev. Sect., 6, July 16th; 6, Aug. 20th, 1927; E. P. 
Barrett and F. W. Schroeder, Joum . Amer. Cer, Soc., 8, 69, 1925. 

* J. O. Handy, Journ. Amer. Chem. Soc., 18, 766, 1896; H. Lienau, Chern. Ztg., 27, 422, 
1903; 29, 1280, 1905; M. Taurel, Ann. Chim. armh, 9, 32.3, 1904. For a rough method of 
evaluating aluminous minerals, see J. C. y Le6n, Anale^ Soc. Espan. Fis. Quim., 8, 281, 1911. 
For the determination of free alumina in bauxite, see E. Martin, Chim. et Ind., Special No. 
200, 1926. 

* For fusion with sodium peroxide, see W. Trautmann, Zeif. angew. Chem., 26, 702, 1913. 
J. E. Gieseking and H. J. Snider (Ind. Eng. Chem. Anal. Ed., 9, 233, 1937) recommend a 
mixture of sodium carbonate, 2 parts, and lithium carbonate, 1 part, m. pt. 470®~480°, for 
fusing highly aluminous minerals at a temperature of 500°-600°. 

* Acid mixture: 100 c.c. of nitric acid (sp. gr. 1*42), 300 c.c. of hydrochloric acid (sp. gr. 
1*20), and 600 c.c. of sulphuric acid (sp. gr. 1*18). E. Martin (Ann. Chim. anal, x8, 297, 
1913; Monit. Scient., (5), 3, 232, 1913) heats one gram of the mineral in a flask with 15 c.c. 
of aqua regia (equal volumes) and 30 c.c. of dilute sulphuric acid (1 : 1 by volume) until 
dense white fumes appear and solid sulphates begin to separate. The residue is dissolved in 
50 c.c. of water, the silica filtered off and purified in the usual way. 

* According to E. Baud (Rev. Chim. pure appl., 6, 368, 1903), the residue will contain 
in addition to silica, titanic oxide, corundum, if present, and a little alumina. These are 
subsequently brought into solution by the potassium bisulphate fusion, as described in 
the text. 

* This method will give low results if a great excess of ammonium chloride is not used 
(page 162). 

’ K. W. Jurich, Die Fabrikation von achwefeUaurer Tonerde, Berlin, 45, 1894. 

® See H. J. Winch and V. L. Ghandratreya, Chem. News, 124, 231, 1922, for the volu- 
metric determination of titanium in bauxite. 

* There is the difficulty with permanganate titrations mentioned on page 171, wh^n 
much titanium is present. In that case special precautions must be adopted (see page 172). 
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alkalies are determined by Smith’s process^ 214); the loss on ignition 
(organic matter and water), as on page 136.* 

§ 240. The Analysis of Alumina— Hydrated and Calcined. 

The alumina ‘‘hydrate” on the market may have from about 40 to 
65 per cent, of AI2O3. It is sometimes sold with a guarantee of 60 per cent. 
AlgOs- The loss on ignition (page 136) includes water and carbon dioxide. 
For the silica, heat 5 grms. of the hydrate with 25 c.c. of sulphuric acid 
(sp. gr. 1*4). The alumina dissolves. Cool. Add 100 c.c. of water and boil. 
The insoluble silica separates. Filter, wash and ignite the insoluble matter 
in a platinum crucible and weigh. Treat the residue with sulphuric and 
hydrofluoric acids as described above. Weigh again. The loss in weight 
represents silica. Fuse the residue with potassium bisulphate, take up with 
water, and add to the main solution. The iron can be determined colori- 
metrically in this solution (page 185). 

The sodium can be determined (1) by difference, using Smith’s process 
(page 214), with separation of the potassium as perchlorate from the mixed 
chlorides (page 224) ; or (2) directly, by separation from the mixed chlorides 
as triple acetate (page 236) ; or, better still, (3) the sodium can be determined 
by calcining 5 grms. of the “hydrate” at a red heat,^ and digesting the calcined 
mass on a water bath with an excess of l*0N-H2SO4, and titrating back with 
I'ON-NaOH (page 58). This gives the “total sodium.” The “soluble 
sodium” is determined by boiling 5 grms. of the “hydrate” in water and 
titrating the filtered solution with 1-0N-H28O4, using phenolphthalein as 
indicator. The difference between the “total” and the “soluble” sodium 
represents the “combined” sodium. Calculate the percentage of CO2 corre- 
sponding to the percentage of “soluble” sodium found, and subtract the 
result from the percentage loss on ignition. The difference represents water. 
The alumina is usually determined by difference, although it can be determined 
by precipitation from an aliquot portion of the mai!i solution as indicated 
under bauxite. 

Calcined alumina ^ may contain 99 per cent, of alumina. Fuse a gram of 
the dried alumina with, say, 10 grms. of potassium bisulphate. If the molten 
mass be not clear, add 2 more grams of the flux to the cold mass and fuse 
again. Dissolve the cold mass in water. Filter off the insoluble residue and 
fuse it with sodium carbonate. Take up the cold mass with water in a 300 c.c. 
evaporating basin. Add 25 c.c. of dilute sulphuric acid and, when the action 
has subsided, evaporate the solution until the sulphuric acid begins to fume. 
Cool; add 100 c.c. of water. Boil the solution. Filter, wash, ignite and weigh 
the residue. Treat the residue with sulphuric acid and hydrofluoric acid as 


^ See E. B. Bead, Joum, Am^r, Ceram. 80 c., 18, 341, 1935. 

® Bauxites may contain many minor constituents, e,g, small quantities of the oxides of 
nickel, manganese, chromium, vanadium, phosphorus, and traces of beryllium are present in 
Hungarian bauxites — Ind. Eng. Chem, News Ed., n, 110, 1933. 

* This is to make the alumina insoluble in acid. Note: too strong ignition may result 
in the loss of alkali. 

* Alundum is made by fusing bauxite in the electric furnace. It contains about 1 per 
oent. of silica, ferric and titanic oxides. Alundum is scarcely attacked by aqueous acids and 
alkalies, and it is but superficially attacked by fused alkali carbonates. For the opening 
up of aluminous material and silicates, see R. W. Ellison, Journ. Amer, Ceram. Soc., 10, 463, 
1927. A. N. Finn and J. F. Klekotka (Bur. Stand. Joum. Research, 4, 809, 1930) heat 0*5 
grm. of the powdered substance with 0*6 grm. of sodium carbonate for 2 hours at 875^. The 
resulting sintered mass is easily decomposed by hydrochloric acid. 
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described under bauxite. Ignite and weigh again. The loss represents silica. 
For sodium, use Smithes process. The alumina is generally determined by 
difference. These methods will suffice to show adulterations with china clay 
or ground flint. ^ 

§ 241. The Analysis of Cryolite. 

Silica , — Although cryolite contains a large amount of fluorine, the rela- 
tively small amount of silica, which is also present, does not all react with the 
fluorine, to form volatile silicon fluoride, when the powdered mineral is digested 
with sulphuric acid. Part remains with the residue undccomposed. This 
fact makes the determination a little laborious. The silica must be sought 
both in the residue and in the escaping gases. The solutions cannot be acidified 
with hydrochloric acid and evaporated in the usual manner, because some 
silica would be then lost as silicon fluoride. Fresenius and Hintz ^ recommend 
a process which certainly has not the merit of simplicity. The method 
indicated on page 725 may be here used. Fuse the cryolite with an excess of 
sodium carbonate and extract the melt with wiiter.® Precipitate silica, 
alumina, lime, etc., with Seemann’s solution, and determine the silica, etc., as 
indicated on page 731 For the sodium, use Smith’s process (page 214). 
The processes indicated on pages 731 to 741 are available for fluorine. 

§ 242. The Detection of Beryllium. 

If beryllia be present, it will invariably be found associated with the alumina 
and ferric oxide precipitated by ammonia. The properties of beryllia are 
closely related to those of alumina. In testing for beryllium,^ the silica is 
separated by evaporation, and the hydrogen sulphide group precipitated in acid 
solution in the usual manner. The filtrate is evaporated down to about 25 c.c., 
and, when cold, add a couple of grams of sodium peroxide (solid). Boil and 
filter the alkaline solution ; acidify the filtrate with nitric acid and add an excess 
of ammonia. If no precipitate be formed, beryllium is absent; if a precipitate 
he formed, transfer it to a small beaker containing 2 or 3 grms. of solid sodium 
bicarbonate per 20 c.c. of liquid (10 per cent, solution). Raise the temperature 
rapidly to boiling, and })oil half a minute. Alumina is precipitated. Filter. 
Dilute the filtrate with 10 volumes of water (so as to make approximately a 
1 per cent, solution) and boil. If beryllium be present, a preeijutate will be 
formed. 

To distinguish beryllia from alumina, dissolve the precipitate in acid ®; 


^ For a discussion of procedures and conditions to be adopted in the analyHis of silico- 
aluminous compounds for industrial control, see E. Delfeld, Bull. Soc. chim. Belg.^ 40 , 427, 
1931; 41 , 202, 1932. J. Delforge (/ 6 ., 41 , 95, 1932) criticises these methods. 

* C. K. Fresenius and E. Hintz, Zeii, anal, Chem,y 28 , 324, 1889. See also F. J. Frere, 

Ind, Eng, Chem, Anal, Ed,, 6 , 124, 1934; A. A. Borkovskil and N. A. Porfin’ev, Journ, Applied 
Chem, 7 , 623, 1934. 

* E. C. Uhlig {Chemical Analysis for Olassmakers, Pittsburg, 80, 1903) recommends fusing 
the cryolite with sodium carbonate as it if were a typical silicate. Ho ignores the action of 
the fluorides on the porcelain basin, on the precipitation of alumina (page 160), and the 
volatilisation of silica as silicon fluoride. 

* The filtrate is used for the fluorine determination (page 725). 

® C. L. Parsons, The Chemistry and Literature of Beryllium, Easton, Pa., 6 , 1908. 

* Freshly precipitated beryllium hydroxide is readily soluble in potassium or ammonium 
carbonate, sodium hydroxide, or dilute acids. If the hydroxide be allowed to stand for some 
time at ordinary temperatures, or if it be heated with water, dilute ammonia, alkali carbon* 
ates or alkali hydroxides, it appears to become very sparingly soluble in these menstrua — 
— F. Haber and G. van Oordt, Zeit, anorg, Chem,, 38 , 377, 1904. • 
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nearly neutralifte the solution with ammonia; add ammonium carbonate. The 
white precipitate may be either aluminium or beryllium hydroxide. The 
latter alone is soluble in an excess of the reagent, and a white precipitate of 
basic carbonate is obtained on boiling the clear solution.^ Again, both alu- 
minium and beryllium salts give white precipitates with caustic soda; with 
both, the precipitates are soluble in an excess of the reagent; but only beryllia 
is precipitated on boiling. 

Fischer\^ Test .^ — A few drops of a 5 per cent, solution of quinalizarin 
(1 : 2 : 5 : 8-tetrahydroxyanthraquinone) in ()*25N-sodium hydroxide are 
added to 10 c.c. of the solution under test, which is then made alkaline with 
0‘25N-sodium hydroxide. If beryllium is present, a blue colloidal solution is 
obtained. It is advisable to compare the colour with the violet colour given 
by a blank test with 0*25N-sodium hydroxide solution. SuflRcient sodium 
hydroxide must be present to keep the aluminium in solution and, if iron is also 
present, tartaric acid must be added. Magnesium gives a similar blue colour, 
but, if an ammoniacal solution of the reagent be added to the neutral solution 
under test, the subsequent addition of bromine water flocculates the beryllium 
complex, whereas the magnesium complex is entirely destroyed. The test is 
said to detect ]-5xl0"® grm. of beryllium per c.c. in solutions containing 
2 mgrms. of magnesium or 6 mgrms. of aluminium per c.c. 

Beryllium, by the way, is sometimes called “glucinum’’ and symbolised Gl. 

§ 243. The Gravimetric Determination of Beryllium — 
Parsons and Barnes’ Process. 

Beryllia is precipitated with alumina by ammonia, sodium thiosulphate and 
sodium acetate or ammonium formate.® When beryllium is present, four 
])oint8 require special attention in the treatment of the ammonia precipitate: 

(1) Ammonia does not give complete precipitation unless ammonium chloride 
be present. (2) When the precipitate is washed with water and the ammonium 
chloride has nearly all gone, the beryllium hydroxide begins to pass through the 
paper, and this more rapidly than is the case with alumina under similar con- 
ditions. The addition of ammonium salts — say ammonium acetate — to the 
water used for washing effectively prevents this action and the washing then 
presents no difficulty of this nature, (3) If the solution be boiled to drive off 
the ammonia, beryllium hydroxide will redissolve, so that cold precipitations 
give the best results. (4) Small amounts of beryllium hydroxide may adhere 
very tenaciously to the walls of the vessel in which the precipitation is made.^ 
Hence, after as much beryllia has been removed as is convenient, it is advisable 
to wash the walls with a little dilute nitric acid, and re-precipitate the beryllia 
which has been dissolved. 

The beryllia found in the ammonia precipitate along with, say, iron, 


^ M. Wunder and N. Ch61adze, Ann. Chim, amil.y 16 , 205, J911. Beryllia dissolves but 
slowly in the ammonium carbonate, according to G. N. Wyroubotf {Bull. Soc. chim., (3), 27 , 
733, 1902; Chem. News, 86 , 67, 1902), and a little alumina may also dissolve, if it is not 
precipitated by heat or by long contact with the solution. 

* H. Fischer, Wiss. Veroff. Siemens-Konz., 5 , 99, 1926; Zeit. anal. Chem., 73 , 54, 1928. 
For the detection of beryllium by p-nitrobenzeneazo-orcinol, see A. 8 . Komarovskii and 
N. S. Poluektov, Mikrochem., 14 , 315, 1934, For a review of methods for the detection of 
beryllium, see M, Frommes, Zeit. anal. Chem., 93 , 285, 1933. 

* C. A. Joy, Armr. Joum. Sci., (2), 36 , 83, 1863; Chem. News, 8 , 183, 197, 1863. 

* B. Bleyer and K. Boshart (Zeit. anal. Chem., 51 , 748, 1912) studied the precipitation 
of beryllium by ammonia and by ammonium sulphide in ordinary glass, in Jena glass, in 
porcelain and in platinum vessels. The two last-named gave the best results. 
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chromium and aluminium oxides can be separated by fusing the precipitate for 
two or three hours with sodium carbonate ; the beryllia remains with the iron ^ 
on washing with water, while the aluminium and chromium pass into solution 
as aluminate and chromate. The beryllia and iron can be separated by 
fusion with sodium pyrosulphate, leaching with water and precipitating the 
iron with potassium hydroxide. The precipitate is filtered and washed; the 
filtrate is acidified with hydrochloric acid and the beryllia precipitated by 
ammonia. 2 

Parsons and Barnes’ ® process for the quantitative separation of beryllium 
is based on the insolubility of aluminium and ferric hydroxides in a 10 per cent, 
solution of sodium bicarbonate and the ready solubility of beryllium hydroxide ^ 
in the same reagent. 

First Precipitation of Aluminium and Iron. — After the first precipitation by 
ammonia,® the hydroxides are dissolved in hydrochloric acid and oxidised, if 
necessary, with a drop of hydrogen peroxide or nitric acid.® Neutralise the 
solution with aninionia, and to the cold solution add 10 grras. of solid sodium 
bicarbonate^ per 100 c.c. of solution. Cover the beaker ® with a clock-glass, 
and heat the solution to boiling as quickly as possible.® Boil the solution one 
minute.^® Place the beaker in cold water and, when cold, filter. Collect the 
filtrate in a litre beaker and wash the residue three times with a hot (70°~80°) 
10 per cent, solution of sodium bicarbonate. 

Second Precipitation of Aluminium and Iron. — The precipitated ferric and 
aluminium hydroxides generally retain a little beryllium. Hence the pre- 
cipitate is re-dissolved off the filter-paper in as little dilute hydrochloric acid 


1 B. E. Dixon (Analyst, 54, 268, 1929) separates titanium from beryllium by precipitating 
the former as hydroxide with p-chloroaniline. 

® M. Wunder and P. Wenger, Zeit. anal. Chem., 51, 470, 1912; W. R. Sehoeller and 
H. W. Webb, Analyst, 61, 235, 1936; B. E. Dixon, *6., 54, 268, 1929. Usually two fusions 
are necessary — H. T. S. Britton, Analyst, 47, 50, 1922. 

® C. L. Parsons and S. K. Barnes, Jourji. Amer. Chem. Soc., 28, 1589, 1906; S. L. Penfield 
and D. N. Harper, Amcr. J, Science, (3), 32, 112, 1886; Chem. News, 54, 90, 102, 1886; E. A. 
Gooch and E. S. Havens, Zeit. anorg. Chem., 13, 435, 1896; E. S. Havens, ib., 16, 15, 1898; 
L. A. Aars, Veber die analytische Bestimmung von Beryllium und den sogenannten sdten Erden, 
Kristiania, 1905; H. T. S. Britton, Analyst, 46, 359, 437, 1921 ; C. L. Parsons, The Chemistry 
and Literature of Beryllium, Easton, Pa., 1909. H. Eischer and G. Ijeopoldi (Wiss. Verdff. 
Siemens- Konz., 10, 1, 1931) condemn the method. 

* Uranium, if present, also dissolves. Eor the separation of uranium from beryllium by 
precipitation as ferrocyanide, see W. R. Sehoeller and H. W. Webb, Analyst, 61, 235, 1936. 
Compare M. Wunder and P. Wenger, Zeit. anal. Chem., 53, 371, 1914. 

* In the case of the basic acetate separation, C. L. Parsons (Joum. Amer. Chem. Soc., 26, 
738, 1904; C. L. Parsons and W. O. Robinson, ih., 28, 555, 1906) proposes to separate 
beryllium from iron and aluminium by digesting the mixed precipitate in hot glacial acetic 
acid, which dissolves basic beryllium acetate from the dried precipitate and, after filtering 
the solution through a hot-water funnel, basic beryllium acetate separates from the solution 
on cooling. The small amounts of ferric and aluminium acetates which dissolve do not 
separate on cooling. E. Haber and G. van Oordt (Zeit. anorg. Chem., 40, 466, 1904) propose 
to separate beryllium from the mixed basic acetates by treatment with chloroform, in which 
the basic beryllium acetate dissolves. Eor the separation of iron from beryllium by oup- 
ferron, see A. Tettamanzi, Industria Chimica, 9, 752, 1934. 

* Although hydrogen peroxide is usually a better oxidising agent than nitric acid, it is 
far more likely to introduce impurities into the solution than is pure nitric acid. “Analytical 
reagent” hydirogen peroxide should be used — J. V. Dubsky and E. Krametz, Mikrochem., 
20, 57, 1936. 

^ Free from all but traces of sodium carbonate as shown by the phenolphthalein test — 
page 50. 

® When the solution is warmed, loss by spitting may occur, if the beaker be not covered. 

* If too much carbon dioxide be lost on boiling, aluminium may pass into solution. 

10 The brisk evolution of carbon dioxide must not be mistaken for boiling. 

And uranium, if present. 
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(1 : 1) as possible. Collect the solution in the beaker in which the precipitation 
was first made. Make the solution up to about 100 c.c., neutralise with 
ammonia and treat the mixture as the first one was treated. ^ Collect the 
filtrate and washings in the same litre beaker. To the combined filtrates 
5-10 c.c. of colourless ammonium sulphide are added to precipitate the last 
traces of iron. The solution is well stirred and allowed to stand in the cold 
until the iron precipitate coagulates and settles. It is then filtered and the 
precipitate washed. 

Third Precipitation of Aluminium and Iron. — It is impracticable to wash the 
sodium bicarbonate from the precipitated ferric and aluminium hydroxides; 
hence it is best to dissolve the precipitate in dilute hydrochloric acid and 
re-precipitate the iron and aluminium hydroxides with ammonia in the ordinary 
way (page 164). 

Precipitation of Beryllium. — The final filtrate from the aluminium and iron 
precipitations is carefully acidified with concentrated hydrochloric acid with 
the beaker covered so as to avoid “spurting losses’^ by the escaping gas.^ 
Boil the solution to remove carbon dioxide.^ Add a slight excess of ammonia, 
boil, let the precipitate settle, filter and wash with ammonium acetate (2 per 
cent, solution) until the washings are free from chlorides. Ignite and weigh 
as beryllium oxide— BcO. 

The Accuracy of the Separation. — In illustration of the accuracy of the 
method of separation, Parsons and Barnes quote the following separations 
with mixtures of varying proportions of ferric, aluminium and beryllium 
chlorides when the two former were several times the amount of the latter: 

Used . . . 0-2152 0-0911 0-0825 0-1020 grm. BeO. 

Found . . . 0-2146 0-0906 0-0806 0-0995 grm. BeO. 

Hence the “separation is almost complete. The resulting beryllia was found 
to be analytically pure.'' Consequently, the method of separation just 
described “leaves little to be desired." ^ 


§ 244. Kolthoff and SandelPs Process. 

Kolthoff and Sandell have shown that 8-hydroxyquinoline precipitates 
aluminium and iron but not beryllium from slightly acid solutions, and sub- 
sequent work has indicated that this is probably the best method to date for the 
separation of beryllium from aluminium and iron.® 


^ A cloudiness in the filtrate is probably due to the dilution of the concentrated solution 
of sodium bicarbonate with water. 

* Just before neutralisation, some beryllium may bo precipitated but this redissolves on 
adding more acid. 

* Otherwise ammonium carbonate may be formed later on. Beryllium hydroxide is 
soluble in ammonium carbonate solutions. 

* H. T. S. Britton {Analyst, 46, 369, 437, 1921) says the separation is satisfactory if the 
amount of aluminium or beryllium in 100 c.c. of saturated sodium bicarbonate solution 
does not respectively exceed 0*1 5 grm. and if adsorption is minimised by vigorous stirring 
during each precipitation. 

« I. M. Kolthoff and E. B. Sandell, Joiim. Amer. Chem. Soc., 50, 1900, 1928; M. Niesser, 
Ze.it. anal. Chem., 76, 136, 1929; L. Fresenius and M. Frommes, ib., 87, 273, 1932; 93, 275, 
1933; O. E. F. Lundell and H. B. Knowles, Bur. Stand. Joum. Besmrch, 3, 91, 1929; H. 
Thumwald and A. A. Benedetti-Fichler, Mikrochem. Emich Festschr., 1, 1930; Mihrochem., 
9, 324, 1931; 11, 200, 1932; H. V. Churchill, R. W. Bridges and M. F. Lee, Jnd. Eng. Chem. 
Anal. Ed., 2, 405, 1930; F. G. Hills, ib., 4, 31, 1932; H. Fischer and G. Leopoldi, Wise. 
Verdff. Siemens-Konz., 10, 1, 1931; V. M. Zvenigorodskaya and T. N. Smirnova, Zeit. anal. 
Chem., 97, 323, 1934; L. F. Kerley, Joum. Proc. Australian Chem. Inst., 4, 223, 1937; 
0. HaoM, ZeiU, anal. Chem., X09, 91, 1937. 
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The slightly acid solution, which should not contain more than 0-1 grm. of 
aluminium or beryllium oxide per 1(X) c.c., is warmed to 50°“60® and then 
treated with excess of an acetic acid solution of the reagent.^ In ordinary 
cases, where alumina preponderates, a 10 20 per cent, excess of the reagent is 
sufficient, but when there is much beryllia and little alumina present, at least 
a 50 per cent, excess should be used. A 2N-solution of ammonium acetate is 
then slowly added until a permanent precipitate is obtained, and then 20 25 
c.c. more of the ammonium acetate solution, to ensure complete precipitation 
of aluminium and iron. The solution is filtered and the precipitate well 
washed with cold water.^ The filtrate is heated to boiling and ammonium 
hydroxide added drop by drop until the liquid smells faintly of ammonia. The 
precipitated beryllium hydroxide is coloured yellow to brown by the adsorbed 
precipitant. After filtering, the precipitate is washed with a hot dilute solution 
of ammonium acetate, made just alkaline with ammonia. After drying and 
charring the paper, the })recipitate is ignited to constant weight, cooled and 
rapidly weighed. With small quantities of beryllia, it is advisable to convert 
to the anhydrous sulphate and weigh as such.® Hence the oxide is moistened 
with a few drops of sul))huric acid (1 : 1), the mixture evaporated to dryness 
and the residue ignited at 350^-450”. The results })y this method tend to be 
slightly high.^ 

Hills points out that, when relatively large quantities of aluminium and 
iron oxides ® are present, the hydroxyquinoline precipitate is very bulky and 
awkward to manipulate and, moreover, that a re-solution and re-precipitation 
are essential. Thus, he finds it more satisfactory to combine the hydroxy- 
quinoline with the Parsons-Barnes process as follows: After making the 
bicarbonate precipitations, the filtrate is acidified and to the slightly acid 
solution is added an excess of a 2*5 per cent, solution of 8-hydroxyquinoline in 
acetic acid, followed by 20-25 c.c. of saturated ammonium acetate solution. 
The preeij^itate is filtered off and washed and the beryllia precipitated in the 
filtrate with ammonia. As wash liquor for the beryllia. Hills uses a 2 per cent, 
solution of ammonium nitrate. 

A number of other methods have been published for the separation of 
beryllium.® 


^ Hydroxyquinoline Reagent. — D issolve 5 grme. of the finely powdered substance in 
100 c.c. of 2N-acetic acid, 

* If filtered through a Gooch crucible, or preferably a Jena glass or porcelain filter 
crucible, the precipitate can be dried at 120°-140° and weighed as (C 9 HgON) 3 Al with 
11-10 per cent. AlgOg, if iron is absent. Lundell and Knowles (/.c.) recommend decom* 
position of the organic matter with nitric and sulphuric acids, followed by precipitation of 
the aluminium and iron oxides with ammonia. 

* F. Tabourv, Compt. rend., 159 , 180, 1914; H. Thurnwald and A. A. Benedetti-Pichler 
(f.c.); I. M. Kolthoff and E. B. Sandell (/.c.). 

^ Manganese, if present, is liable to be partially precipitated with the beryllia. The 
amount can be determined colorimetrically and deducted — F. G. Hills (l.c.). 

^ When much iron is present, H. Fischer and G. Leopoldi {l.c.) recommend its removal by 
Rothe's ether extraction process (page 505). See H. V. Churchill, R, W. Bridges and M. F. 
Lee (l.c.) for the removal of the bulk of the aluminium in the determination of beryllium in 
aluminium metal, via Haven’s process {v. infra). 

® G Wyrouboff (Bull. Soc. chim., (3), 27 , 733, 1902; Chem. News, 86 , 67, 1902) makes use 
of the sparing solubility of beryllium oxalate and the relative solubility of the corresponding 
aluminium, ferric and chromium salts, F. S. Havens {Amer. J. Sci., (4), 4 , 111 , 1897; 6 , 45, 
1898; Zeit. anorg. Chem., 16 , 15, 1898; 18 , 147, 1898) saturates a solution of the mixed 
chlorides and an equal volume of ether with hydrogen chloride. The ferric chloride dissolves 
in the ether and the aluminium chloride is precipitated. For a process based on the solu- 
bility of beryllium nitrate in amyl alcohol, see P. E. Browning and S. B, Kuzirian, %th Inter. 
Congress App. Chem.t i, 87, 1912. For a separation via acetyl chloride in acetone, see D. 
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Minnip:, Amfr. J, Set., (4), 40 , 482, 1915. A. Kliiig and E. Gmelin {Bull, 80c, chim., (4), 15 , 
205, 1914) sublime basic beryllium acetate under reduced pressure from a mixture of alu- 
minium and ferric acetates. P. Adami {Ann, Chim, applimta, 23 , 428, 1933) uses a similar 
metl)od with a mixture of formates. For the volumetric determination of bt*ryllium with 
quinalizarin, sec H. Fisch€*r, VerofJ. Biemem-Konz,, 5 , 99, 1926; 8 , 9, 1929; Zeit. anal. 

Chfm.y 73 , 54, 1928. Compare B. H. Evans, Analyst^ 60 , 291, 1935. For the use of tannin 
as a precipitating agent for beryllium, see L. Moser and M. Niessner, Manats., 48 , 113, 1927; 
L. Moser and J. Singer, ib., 48 , 673, 1927 ; W. R. Schoeller and H. W. Webb, Analyst, 61 , 235, 
1936; for hydrazine carbonatf*, A. .Hlek and .1. Kota, Voll. (herh. Chem. Comm., 2 , 571, 
1930; for guanidine carbonate, A. dilek and J. Kota, ib., 3 , 336, 1931; Zeit. anal. Chem., 
89 , 345, 1932; for selenic a< id, J. Kota, ('hem. Listy, 27 , 79, 100, 128, 150, 194, 1933. For 
the determination of beryllium in the i)re 8 ence of fluorine, see V. M. Zvenigorodskaya and 
A. A. Gaigerova, Zeii. anal. (Jhem., 97 , 327, 1934. For the use of calcium ferrocyanide which, 
in dilute solutions, precipitates aliiniinium but not beryllium, see T. G. y Arnal, Anal. Fis. 
Quim., 32 , 868 , 1934, For the separation of beryllium from the alkaline earths, st*c L. Moser 
and F. List, Mofwts., 50 , 181, 1929. For summaries and (Titicisnis of methods, see H. T. 8 . 
Britton, Analyst, 46 , 359, 437, 1921; 47 , 50, 1922; L. Fiesenius and M. Frommes, Zeit. 
anal. Chem., 87 , 273, 1932; 93 , 275, 1933; J. Dewar and P. A. Gardiner, Analyst, 61 , 536, 
1936; T. Akiyama, Journ. J^harm. 80c. Japan, 56 , 893, 1936; 57 , 19, 1937; T. Akiyama 
and Y. Mine, ib., 56 , 885, 1936; 57 , 17, 1937; H. 8 . Miller, Jnd. Eny. Chem. Anal. Ed., 9 , 
221, 1937. For the spectrographic detection and determination of beryllium in rocks and 
minerals, see W. Kemula and J. Kygielski, Frzemysl Chem., 17 , 89, 1933. 
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CHAPTER XXXIII. 


SPECIAL METHODS FOR IRON COMPOUNDS. 

“ When Nature takes up the brush, iron is almost always on the palette.” — R. J. Hauy. 


§ 245. The Volumetric Determination of Iron in Hydrochloric 
Acid Solutions —Reinhardt’s Process. 

Iron compounds are so common as components of colours, and the effects of 
iron are so important in the silicate industries, that it is necessary to indicate 
some alternative methods of analysis other than those described on pages 169 
et seq. It has been shown that the permanganate titration is uscdess in the 
presence of organic matter,^ and of much hydrochloric acid, unless special 
precautions be taken — in the latter case, because of the disturbing effects of 
a side reaction, probably indicated by the equation : 

16HC1 + 2KMn()4 - dClg + 2MnCl3 + 2KC1 + SH^O 

The acid acts as a reducing agent and furnishes high results (page 177). 
This effect was pointed out by Ld wen thal and Lenssen ^ in 1862. Kessler® 
showed that the presence of manganese sulphate inhibits the side reaction ; and 
Zimmermann ^ further proved that satisfactory results can be obtained in the 
presence of hydrochloric acid, provided sufficient manganese sulphate be 
present. 

^ Ferric salts in the presence of organic matter may be treated by adding a little oopp(?r 
sulphate as catalytic agent and titrating the solution with standard thiosulphate until a drop 
gives no red coloration with ammonium thiocyanate — J. T. Hewitt and G. R. Mann, Analyai^ 
37, 179, 1912. 

^ J. Lbwenthal and E. Lenssen, Pogg> Ann., 118, 41, 1863; 119, 225, 1863; ZeU. nnaL 
Chem., I, 329, 1862; E. Ixmssen, ib., 2, 169, 1863; R. Fresenius, i6., i, 361, 1862; H. Kinder, 
Stahl Eise.n, 27, 344, 1907; 28, 508, 1908; P. l^hnering, ib., 27, 202, 601, 1907; A. Muller, 
ib., 26, 147, 1906; 27, 204, 1907; H. Wdowiszewski, Zfit. anal. Chem., 42, 183, 1903; H. 
Weber, 46, 788, 1907; 47, 249, 1908; J. Brown, Chem. NewSy 93, 59, 1906; Amer. J, 
Scienccy (4), 19, 31, 1905. 

3 F. Kessler, Pogg. Ann., 118, 17, 1863; I19, 218, 1863; Zeii. anal. Chem.y 2, 280, 1863; 
21, 219, 1882. 

^ C. Zimmermann, Ber.y 14, 779, 1881; Liebig's Ann., 213, 305, 1882; H. P. Cady and 

A. P. Ruediger, Journ. Amer. Chem. Soc.y 19, 575, 1897 (Hg804); C. T. Hood, Chem. News, 50, 
278, 1884 (MgSOi); J. Krutwig and A. Cocheteux, Ber.y 16, 1534, 1883; Chem. News, 48, 102, 
1883; N. W. Thomas, Amer. Chem.. Journ., 4, 359, 1882; 0. L. Barnebey, Joum. Amer. 
Chem.Soc.,s6, 1429, 1914; 37, 1481, 1915; L. Szegd, Oiorn.Chim. Jnd. Appl., 14, 226, 1932. 
H. Rose (Handbuch der analytischen Chemie, Braunschweig, 2, 926, 1871) says that potassium 
fluoride and potassium sulphate inhibit the reaction; 0. Follenius {ZeU. anah Chem., ii, 177, 
1872) denies this, O. L. Barnebey (Journ. Amer. Chem, Soc., 37, 1481, 1915) says that the 
end-point is unstable in the presence of hydrofluoric acid and recommends the addition 
of boric acid to the solution before titration. For the alleged efficacy of colloidal silicic acid 
in inhibiting the reaction between permanganate and hydrochloric acid, see K. Schwarz and 

B. Kolfes, Chem. Ztg., 43, 51, 1919; E. Dittler, 43, 262, 1919; R. Schwarz, ib., 43, 499, 
1919; 44, 310, 1920. The claim was refuted by L. Brandt, Chem. Ztg., 43, 373, 394, 1919; 
44, 101, 121, 1920; ZeU. anal. Chem., 62, 417, 1923. 
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Action of Manganous Sulphate, According to Maiichot,^ the first action of 
the perniangauate in the titration of a ferrous salt is to form what he calls a 
‘‘primary oxide” — probably FogOg. Jn symbols: 

Mn 207 + 2FeO - ¥e^O^ + 2Mn02 

The manganese dioxide so formed oxidises a further quantity of the ferrous salt 
to the ferric state. In symbols: 

Mil (>2 f 2FeO - Fe 203 + MnO 

In the presence of a sufficient amount of manganous salt, the ferric “primary 
oxide” — FcgOg - oxidises the manganous oxide — MnO — back to Mn02: 

FegOs + 2MnO - Fe 203 + 2Mn02 

Oil the otlier hand, if Imt little manganous oxide be present in the solution, 
and hydrochloric acid is also present, the latter is oxidised by the “primary 
oxide.” In symbols: 

FeoO^ + lOHCl - 2FeCl3 4 oHoO + 2 CI 2 

“Ac(‘()rding to this theory,” says Manchot,^ “the mangaiH‘se salt acts in two 
ways. Jn the first ])lace, it modifi(‘s the velocity of the reaction between the 
ferrous oxide and the ])ermanganate; since, according to Volhard, the perman- 
ganate first reacts with the manganese salt to form manganese peroxide, which, 
in turn, reacts with the ferrous salt. In the second ])la(‘e, the manganous salt 
‘carries' oxygen from the ferric ‘primary oxide' -Fe 205 and gives it up to 
the unoxidised ferrous vsalt. In both cases it is essential that the manganese 
])eroxide shall not react rajiidly with the hydrochloric a(*id, and that the 
quantity of manganous salt shall not exceed the amount of iron present in the 
solution.” Whatever be the right explanation of the action, the ill effects of 
the hydrochloric acid are counteracted when a manganous salt is present in 
suitable pro])ortions, and the amount of hydrochloric acid is not too great. 

The Action of Phosphoric Acid . — The presence of ferric chloride in the solu- 
tion interferes with the end-point, on account of the yellow colour of this salt 
which is formed during the titration. This difficulty was overcome by Rein- 
hardt,® wdio showed that in the presence of phosphoric acid the solution 
remains colourless until the pink colour of the permanganate appears. This is 
probably due to the formation of a colourless iron ])hosphate. 

Borne contradictory statements have been published as to the efficiency of 
the subjoined Reinhardt’s method ^ of conducting the permanganate titration 
in the presence of hydrochloric acid, but it can be made to give results as con- 


^ W. Manchot, Liebnfs Ann.^ 325 , 105, 1902; J. Volhard, / 6 ., 198 , ^137, 1879; A. Skrabal, 
Zeii. amil. Chem.^ 42 , 359, 1903. Compare II. Bassett and I. Sanderson, Jouni. Chem. Soc., 
207, 1936. 

* For the theory of induced reactions, see J. W. Mellor, Chemical t^iaiics and Dynamics^ 
London, 315, 333, 1904. 

» C. Reinhardt, Staht Eimv, 4 , 704, 1889; Chem. Ztg., 13 , 323, 1889; Zeit. anal. Chem., 
36 , 794, 1897; H. Weber, ib., 53 , 444, 1914; Report, Zeit. anyew. Chem., 24 , 1118, 1913; 
G. J. Hough, Juvrn. Amer. Chem. Son., 32 , 545, 1910. 

* L. Brandt, Chem. Ztg., 32 , 812, 830, 840, 851, 1908; Zeit. anal. Chem., 53 , 729, 1914; 
C. T. Mixter and H. W. Dubois, Journ. Amer. Chem. Soc., 17 , 405, 1895; G. P. Baxter and 
J. E. Zanetti, Amer. Chem. Journ., 33 , 500, 1904; G. P. Baxter and H. L. Frovert, %b., 34 , 
109. 1905; F. W. Harrison and F. M. Perkin, Analyst, 33 , 47, 1908; G. C. Jones and J. H. 
Jeffery, 34 , 304, 1909; J. A. N. Friend, Journ. Cticm. Soc., 95 , 1228, 1909; W. C. Birch, 
Chem. News, 99 , 61, 73, 1909; F. A. Gooch and C. A. Peters, ib., 80 , 78, 91, 1899; Amer. 
J* Science, (4), 7 , 461, 1809; M. Wunder and A. Stoicoff, Ann. Chim. ami., 17 , 361, 1912; 
E. Hiutz, Zeit. angew. Chem., 27 , 9, 1914; H. P. Cady and A. P, Rudiger, Journ. Amer. 
Chem. Soc., ig, 575, 1897; M. Hauffe, Chem. Ztg., 21 , 894, 1897. 
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sistent as the best volumetric methods, provided a uniform and favourable pro- 
cedure be adopted. In rapid routine work, where the titanic oxide is neglected,^ 
the solution obtained after filtering off the silica may be divided into two equal 
portions — say 100 c.c. each. In one, the iron and alumina are precipitated in 
the usual manner; in the other portion, the iron can be determined by the 
permanganate titration as follows:— 

The Reduction of Ferric Salts by Siamious Chloride,^ — The amount of hydro- 
chloric acid in the 100 c.c. under investigation should not exceed 4N-Hd, 
Heat the solution to boiling, add a solution of stannous chloride ^ gradually, 
drop by drop, with constant stirring, until all the ferric chloride is reduced to 
ferrous chloride.^ It is important to add as little stannous chloride as possible 
in excess of that required to reduce the iron.’*’ The difiic-ulties incidental to this 
method of reduction are: (1) the danger of adding insufficient stannous 
chloride; and (2) the tendency to add too much. If much iron be present, the 
colour is a fair guide when the reduction is nearly complete; but when the 
colour is very faint, the stajinous chloride is added until a drop of the solution 
brought quickly into contact with a drop of ammonium thiocyanate solution on 
a white tile gives no red coloration.® When the solution is cold, add rapidly 
5 c.c. of a solution of mercuric chloride ’ in order to destroy the excess of 
stannous chloride. If no precipitate forms, sufficient stannous chloride was 
not added and some ferric chloride has not been reduced ; if a grey precipitate 
forms, too much stannous chloride w^as added. This precipitate reacts with 
the permanganate, spoiling the titration. If only a white prcci})itate of 
mercurous chloride is formed, it will do no harm ® and the solutioii, after 
standing 10 minutes, is ready for titration. 

The Titration with Potassium. Permanyanate, — Wash the ferrous chloride 
solution into a GOO c.c. beaker, containing a mixture of 25 c.c. of Reinhardt’s 

^ If titanium is to bo determined, reserve an aliquot portion of the solution for that 
purpose. 

* C. F. Mohr, Liebig's Ann., 113 , 257, 18()0. For the rate of r(‘duction of ferric chloride 
by stannous chloride, see 1^. Kahlcnbcrg, Journ. Amer. Cheni, Soc., 16 , 314, 1894; A. A. 
Noyes, Zeit. phys. Chem., 16 , 545, 1895 ; 21 , 16, 1896. Ferric chloride solutions esan Ixj reduced 
by amalgamated zinc in the presence of manganous sulphate — 1). L. Kandall, Zeif. anorg, 
Chem., 48 , 389, 1906. 

* STANNors Chloridis Solution. — D issolve 21 grms. of crystalline 8 nCl 2 . 2 H 20 in 330 c.c. 
of concentrated hydrochloric acid and make the solution up to a litre with water. Add 
granulated tin and boil the solution until it is clear and colourless. Preserve the solution 
in a well-stoppered bottle, 8 ome keep a stick of metallic tin in the 8 topi)ered bottle with 
the stock solution. 1 c.c. of the stannous chloride solution will reduce about 0*03 gmi. 
of ferric chloride. 

*■ Titanium chloride is not reduced by stannous chloride in hot or cold solutions and 
hence the iron determination is not affected by the presence of titanium. 

® W. F. Stock and W. E. Jack, Chem. News, 31 , 63, 1875; 30 , 221 , 1874; R. G. Durrant, 
Joum. Chem. 80 c., 107 , 623, 1915. 

* If the material under analysis has been opened up by fusion in a platinum crucible, 
traces of platinum may pass into solution. On subsequent reduction with stannous chloride, 
the solution will turn yellow. Hence it is impossible to gauge when the ferric salt has all 
just been reduced. In such circumstances the platinum must be removed from the solution 
by hydrogen sulphide prior to reduction and the excess of the hydrogen sulphide boiled off, 
Cf. 0. Rothe and A. P. Sobrinho, Bev. Brasil Chim., I, 129, 1929; R. W. Mahon, Amer. 
Chem. Journ., 15 , 578, 1893. 

’ MEBCtJBic CiiLOBiDE SOLUTION. — A Saturated solution contains about 56 grms. per 
litre at 15°. 1 c.c. of the mercuric chloride will oxidise 1*2 c.c. of the stannous chloride 

solution. 

® The mercurous chloride is not affected by potassium dichromate (Kessler), nor by 
potassium permanganate (Reinhardt). For the action of mercurous chloride on ferric salts 
(HgCl + FeCls^HgCljj + FeCl,) see C. Meineke, ZeiU offent. Chem., 4 , 433, 1898. Hence the 
titration should be quickly done, to prevent the mercurous salt standing in contact with the 
ferric salt longer than is necessaiy — A. E. HasweU, Rep. anal. Chem., 2, 841, 1882. 
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solution ^ with about 300 c.c. of distilled water and one drop of the solution 
of permanganate.^ Titrate the solution at once with permanganate, 
which is added gradually, drop by drop, with constant stirring. The calcula- 
tions are made as indicated on page 180. The whole determination occupies 
about 20 or 30 minutes.® Amounts of copper less than 0*01 per cent, may be 
neglected in ordinary technical analysis. If more than this amount be present, 
the copper should be removed.^ 

§ 246. The Volumetric Determination of Iron — Penny’s 
Dichromate Process. 

Instead of titrating for iron, in hydrochloric acid solutions, with potassium 
permanganate according to Reinhardt’s process. Penny’s dichromato process ® 
is commonly used. The ferrous salt is h(‘Te oxidised with potassium dichromate 
instead of potassium }>errnanganate. The presence of hydrochloric acid ® does 
no particular harm, although the end-point is a little sharper with sulphuric 
than with hydrochloric acid. The end-point is not so easily determined when 
potassium ferricyanide is used as an external indicator, and it is easy to over- 
titrato. However, the use of potassium ferricyanide has been largely super- 
seded by that of internal organic indicators, especially diphenylamine sulphate. 
Details for the use of both types of indicator are given here. 

Potassium F erricAjanide Indicator. — Dissolve 4*904 grms. of fused potassium 
dichromate ’ in a litre of water. Standardise this solution by dissolving 
39*2132 grms. of Mohr’s salt in 10 per cent, sulphuric acid and making up to a 
litre. Pipette 25 c.c. of this solution into a beaker, and charge the burette 
with the solution of potassium dichroinatc. Place 10 or 12 drops of a freshly 
prepared solution of potassium ferricyanide ® (1 : 100) separately as spots on a 
white tile.® At intervals during the titration, remove a drop of the solution 

^ Hkiniiardt’s Solution. — D issolve 200 f^rms. of crystalline manganese sulphate in 1000 
c.c. of water; add to this a cold mixture of 400 (;.c. of concentrated sulphuric acid (sp. gr. 
1 * 8 ), 600 c.c. of water, and 1000 c.c. of phosphoric acid (sp. gr. I'll). 

* To oxidise traces of organic matter in the water. 

^ For the use of potassium bromide in iron -permanganate titrations in the presence of 
hydrochloric acid, see K. Meiirice, Ann. Chim. anal., (2), 3 , 23, 1021; W. Manchot and 
F. Oberhauser, Znt. anorg. Chem.^ 138 , 189, 1924. 

* K. 8 chrdder, Zeit. offent. Chem., 14 , 477, 1908. 

^ F. Fenny, Ohm. Oaz., 8 , 330, 1850; U Institute 18 , 27, 1850; J. Schabus, Sitzber. Akad. 

6 , 397, 1851; F. Kessler, Zeii. anal. Chem., ii, 249, 1872. 

* Organic matter decomposes hot or cold solutions as in the case of permanganate, but 
potassium diehromate is not so much affected as the permanganate. See page 178. 

’ Potassium Dichromate Solution. — Fuse about 5 grms. of the pure crystallised salt 
in a platinum crucible below a red heat. The salt melts in the neighbourhood of 400°. Cool 
in a desiccator. The fusion must not be made at too high a temperature. R. W. Atkinson 
{Chem. Ncwftf 49 , 117, 1884) states that, “however carefully the heat be regulated, on dis- 
solving in water, and allowing to settle, a green deposit of chromic oxide wiU be found at the 
bottom of the flask or beaker. This shows that a small amount of decomposition occurs 
during the fusion, and that the value of the standard must be lower than is theoretically 
required for the amount of dichromate weighed out.” For the use of potassium dichromate 
as a standard in volumetric work, see G. Bruhns, Journ. prakt. Ch^tn., (2), 93 , 73, 312, 1916; 
(2), 95, 37, 1917. 

* The ferricyanide should be free from ferrocyanide, which gives a blue coloration with 

ferric salts. It is advisable to rinse a crystal of the ferricyanide first with dilute nitric acid 
and then several times with water before dissolving it up. For the disturbing effects of 
copper, see J. »S. Parker, Ckem. News^ 22 , 313, 1870. Potassium ferricyanide will show 
1 part of iron in 600,000 parts of water — A. Wagner, Zeit. muil. 20 , 349, 1881. 

* Some prefer a slab of paraffin wax, or a white tile covered with a layer of the same, owing 
to the form the drops take on the wax, and the ease in cleaning the waxed slab. R. Selig- 
mann and F. J. Willott, Joum. Soc. Ch^m. Ind., 24, 1278, 1905. 
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undergoing titration on a clean glass rod and mix it with one of the drops on the 
tile — ‘'spot test.’’ A blue coloration shows that the reaction is not complete 
and that the solution still contains ferrous iron. When a drop of the solution 
gives no sign of a blue coloration, the titration is coni})lete. If a drop of the 
solution under titration be touched against the side of a dro]) of the potassium 
ferricyanide, a little practice will enable one to judge when the end of the 
reaction is near.^ The reaction is represented by the equation: 

GFeCla + + 1 41IC1 = 6¥oC]^ 4- 2CtCI^ + 2KC1 + 7H.,0 

Zinc is objectionable as a reducing agent for the dichromate titrations, 
because the zinc ferricyanide formed in the “spot test” interferes with the 
indicator. Reductions for the dichromate titration are usually made with 
stannous chloride (page 500). The solution reduced with stannous chloride is 
titrated with the standard dichromate as indicated above. The calculation is 
obvious.^ 

Diphenylamine Sulphate Indicator.^ — After reduction with stannous 
chloride, add to the solution 15 c.c. of sulphuric-phosphoric acid mixture ^ and 
three drops of diphenylamine sulphate solution.''’* Dilute to 150-200 c.c. and 
titrate with a standard solution of potassium dichromate until a green colour 
appears. Now add the dichromate drop by drop, waiting after each addition. 
The colour changes to blue-green or greyish-blue, if much iron be j)resent, 
and at the end-point an intense violet colour develops. The indicator change is 
reversible, hence if the end-point has been overshot, a definite volume of the 
reduced iron solution can be added and the titration completed. The results 
by this method are excellent.® No fading end-point is given as in permangan- 
ate titrations in the presence of mercurous chloride. Aluminium, chromium, 
nickel, cobalt, manganese and zinc do not interfere, neither do organic sub- 


^ The development of the ferricyanide “blue” is slow with dilute solutions of ferrous salts, 
and the end-point may thus be judged prematurely. To get the true end of the reaction, 
let the mixed drop stand 5 minutes covered with a crucible lid to shut out the light. The 
reaction is disturbed by elements which form insoluble ferricyanides — tlu^ brown colour with 
manganese, nickel or copper, for instance, masks the reaction with dilute ferrous solutions. 
Hence the ferricyanide is generally made slightly “acid” <o prevent the formation of insoluble 
ferricyanides. H. Vogel (Chem. Netvs, 23, 142, 1871; K. W. Atkinson, ?Y>., 49, 217, 1884; 
L. van Itallie, Pharm. WeekbM, 40, 490, 1903) says that 30 seconds’ exposure to sunlight is 
sufficient to make potassium ferricyanide solutions give a blue colour with ferric salts. 

2 For titrating ferric chloride solutions directly with stannous chloride, see page 316, 
where the converse process is described. For the titration of ferric salts with stannous 
chloride using methylene blue as indicator, see C. Kusso, Oazz, Ckim, ItuL^ 44, i, 1, 1914; 
H. Uelsmann, ZcU. anal. Chm., 16, 50, 1877; R. W. Mahon, Amtr. Ohtm. Joum., 15, 360, 
1893. For cobalt chloride or cobalt nitrate indicators, see F. F. Venabh*, Joum.. Anal, Apj). 
Chem., I, 312, 1887; A. C. Campbell, ib., 2, 4, 1888; F. H. Morgan, ib., 2, 172, 1888. 

® J. Knop, Journ. Amer, Chem. Soc., 46, 263, 1924; W. W. Scott, Standard Methods of 
Chemical Analysis, New York, 255, 1927; F. J. Watson, Chem. Eng. Min. Hev., 22, 355, 
1928; L. Szebcdledy, Zeit, anal. Chem., 81, 97, 1930; C. B. Core, Chemist- Analyst, 20, 14, 
1931; R. r. Hudson, ib., 20, 6, 1931; W. K, Gibson, ib., 26, 29, 1937; C. J. Schollenl)erger, 
Journ. Amer. Chem. Soc., 53, 88, 1931; 0. Rothe and A. P. Sobrinbo, Hev. Brasil Chim., i, 
129, 1929; C. T. Bennett and N. R. Campbell, Quart. Journ. Pharm. PharmaeoL, 6, 436, 1933. 
W. W. Scott {Journ. Amer. Chem. Soc., 46, 1396, 1924) says that ferrous iron solutions con- 
taining hydrochloric acid can be satisfactorily titrated by this method with permanganate. 

* Sitlphuiiic-Fhosphokic Acid Mixture. — Dilute 150 c.c. of sulphuric acid (sp. gr. 1-84) 
and 150 c.c. of phosphoric acid (sp. gr, 1-7) to 1000 c.c. 

® Diphenylamirb Sulphate Solution. — Dissolve 1 grm. of pure diphenylamine, 
(C8H5)2NH, in 100 c.c. of concentrated sulphuric acid. The solution darkens on standing, 
but this does no harm. H . M . State {Jnd. Eng. Chem. Anal. Ed., 8, 259, 1 936) melts the diphenjd- 
amino to a clear liquid, adds the required amount of sulphuric acid and mixes by shaking, 

® Occasional failures have, however, been reported — ^I. M. KolthoS and L. A. Sarver, 
jBlektrochem. Zeit., 36, 139, 19^. 
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stances. Copper in excess of 1 mgrm. leads to low results, as it apparently 
catalyses the atmospheric oxidation of the ferrous iron. As arsenic is oxidised 
by dichromate from the arsenious to the arsenic state, it must be removed 
prior to titration.* 

§ 247. The Gravimetric Determination of Iron — Ilinsky and 
Knorre’s a-Nitroso-jS-naphthol Process. 

Several methods are available for the gravimetric precipitation of iron in 
the presence of aluminium salts.^ Ilinsky and Knorre’s process ^ gives 
satisfactory results in separating ferric or ferrous iron from aluminium, 
chromium, manganese, nickel, zirconium, zinc, lead, cadmium, antimony, 
arsenic, magnesium, calcium, beryllium, but not vanadium, tungsten, copper 
and cobalt. Silver, tin, bismuth, as well as molybdenum, interfere with the 
precipitation of iron, cobalt, vanadium, tungsten and copper by the a-nitroso- 
j8-naphthol process. Some phosphorus, if this element be present, will be 
precipitated with the iron.** The following is the method; - 

The solution of the chloride or sulphate after oxidation, if necessary, is first 
neutralised with sodium carbonate and then acidified with a few drops of 
hydrochloric acid. The cold solution is stirred with a concentrated acetic 
acid solution of a-nitroso-j8-naphthol.^ A voluminous precipitate of 

^ For the use of .v-diphenylcarbazitie, COCNH.NH.CeJ^s)’^* internal indicator, 

Hcc P. Cazencuve, Chem. Ztg., 24, 684, 1900; Bull. Boc. chim.^ (4;, 23, 592, 701, 769, 1900; 
L. llraridt, Zeit. anal. C-hem.f 45, 95, 1906; 53, 1, 1914; 53, 729, 1914; O. L. Ilarnebey and 
8. R. Wilson, Journ. Amcr. Chem. 35, 156, 1913. For j>*phenctidinc, . (.'6H4 . NHgt 

L. SzebollMy, Zeii. anal. Chcm.y 8l, 97, 1930; Magyar Chem.. Fol.y 36, 40, 1930; Ckrm. 
Zentr., (2), 274, 1930. For bi-o-anisidine, M. E. Weeks, Ind. Kng. Chem. Anal. Ed., 4, 127, 
1932; H. E. Crossloy, Analyst, 6l, 164, 1936. For o-phenanthroline. G. H. Walden, junr., 
L. l\ Hammett and K. P. Chapman, Journ. Armr. Chem. Soc., 55, 2649, 1933; H. H. Willard 
and P. Young, Jnd. Eng. Chem. Anal. Ed., 7, 57, 1935. For naphthidine, L. E. Straka and 
H. E. OespfT, ib., 6, 465, 1934; compare S. Cohen and R. E. Oesper, ib., 8, 364, 1936. 

* Trimef hylumitK^ precipitates iron in the presence of aluminium and chromium com- 
pounds — L. Vignori, Journ. Pharm. Chim., (5), 12, 677, 1885; Zeit. anal. Chem., 26, 631, 
1887. A solution of naphthenic acid in benzene precipitates ferrous oxide in the presence 
of aluminium, K. CharitschkolT, Chem. Ztg., 35, 463, 671, 1911; E. Pyhala, ib., 36, 869, 
1912; 1. I. Lutshinnakii, ib., 35, 1204, 1911. Pyridine also precipitates iron in the presence 
of manganese, nickel and cobalt — K. B. Moore and 1. Miller, Journ. Arncr. Chem. Soc., 30, 
593, 1908; Chem. News, 98, 105, 1908 — and J. A. Sam^iez {Bull. chim., (4), 9, 880, 
1911; N. Conta, Roma, Heiid. AVx*. Chim. Jtal., (2), 4, 256, 1912; Chem. Ztg., 36, 1363, 1912) 
recommends the pyridine precipitation for separating iron and manganese. Zinc should be 
absent, for it is precipitated by pyridine. For the separation of iron, aluminium, chromium 
and titanium from nickel, cobalt, manganese and zinc by hexamethylenetetramine, see 
G. Kollo, Bui. Bor. Chim. Rorndnia, 2 , 89, 1920; P. Ray and A. K. Chattopadhya, Zeit. 
anorg. Chem., 169, 99, 1928; P. Ray, Zeit. anal. Cheyn., 86, 13, 1931; L. Lehrman, E. A. 
Rabat and H. Weisberg, Journ. Amer. Ch^m. Soc., 55, 3509, 1933; F. Allen, H. Weiland 
and H. Loofman, Angew. Chem.., 46, 668, 1933. Hydrazine hydrate also precipitates ferric 
iron quantitatively — E. Schirra, Chem. Ztg., 35, 897, 1911; A. Jilek and V. Vicovsky, 
Coll. Czech. Chem. Comm., 3, 379, 1931. 

* M. von Ilinsky and G. von Knorro, Ber., 18, 2728, 1885; G. von Knorre, Zeit. anal. 
Chem., 28, 234, 1889; Zeit. angew. Chem., 6, 264, 1893; 17, 641, 1904; R. Burgass, ib., 9, 596, 
1896; L. L. de Koninck, Rev. Univ. Mines, (2), 9, 243, 1890; M. Sohleier, Chem. Ztg., 16, 420, 
1892; M. Beard, Ann. Chim. anal., 10, 41, 11H)5; E. A. Atkinson and E. F. Smith,* Journ. 
Amer. Chem. Soc., 17, 688, 1895; G. Svedonius, Acta prtediair., 9, 1, 1929; Chem. Zentr., 
(2), 323, 1931. 

* Phosphorus interferes with most of the gravimetric processes for iron, and in the presence 
of phosphorus a volumetric process is preferable — C. E. Corfield and W. R. Pratt, Pharm. 
Journ., 93, 131, 1914. 

® a-NiTEOSO-/?-iJAPHTHOL SOLUTION. — 8 grms. of a-nitroso-)3-naphthol are dissolved in 300 
c.c. of glacial acetic acid. The solution is diluted with 300 c.c. of water, and filtered. The 
solution will keep about a month in a dark place. 
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Fe(CioHgO.NO)3 separates on standing, say, overnight. Try if any more 
reagent causes any further precipitation in the clear solution. Wash the 
precipitate with 50 per cent, acetic acid and finally with cold water.^ The 
precipitate is dried and ignited in a capacious crucible, ^ heating so that the 
temperature gradually rises. When all the carbon has burned off, the crucible 
is cooled and the weight of FcgOg determined. Trial results on known mixtures 
of aluminium and iron are quite good. If necessary, the organic matter in the 
filtrate is subsequently destroyed by boiling with hydrochloric acid and 
potassium chlorate. 


§ 248. The Gravimetric Determination of Iron -~ 
Baudisch’s Cupferron Process. 

Baudisch ^ has shown that ammonium nitrosophenylhydroxylamine. 
CgHr,N(N0)0NH4 — called for brevity “cupferroir’ or Baudisch’s reagent - 
promises to be a valuable agent for separating ferric and cupric salts from 
most other metals— mercury, vanadium, tin, lead, bismuth, silver, cerium, 
tungsten, uranium and silica, however, may be wholly or partially precij)itated 
with the iron and copper if these elements be present. Excessive amounts 
of phosphorus, alkalies and alkaline earths interfere with the separations; 
titanium and zirconium are precijntated with the iron.^ The precipitated 
iron and copper salts are but slowly attacked by 2N-HC1 in the cold; but they 
are decomposed by hot acid. Cold dilute sodium carbonate has no appreci- 
able action, but the alkali hydroxides decompose the precipitate rajudly. 
Ammonia does not affect the iron salt, but it quickly dissolves the copper salt, 
and it is therefore possible to separate the iron and copper salts by digesting 
the mixed salts with ammonia in the cold. The precipitation is best made in 
strongly acid (hydrochloric, sulphuric or acetic solutions, thus: — 

Add 20 c.c. of concentrated hydrochloric acid to 100 c.c. of solution at the 
room temperature. Add a cold solution of Baudisch’s reagent ® slowly, with 
constant stirring. A reddish-brown (iron) —or greyish-white (copper) — 
flocculent precipitate separates. The end of the precipitation is easy to 

^ There is no particular difficulty in washing the precipitate, except its comparatively 
large volume. 

* Capacious, because the precipitate swells very much during the earlier stages of the 
ignition. 

® O. Baudisch, Chern. Ztg,, 33 , 1298, 1909; 35 , 913, 1911; O. Baudisch and V. L. King, 
Journ. lnd» Chem., 3 , 629, 1911; H. Biltz and O. Hodtke, Zeit. nnorg. Chem., 66 , 426, 
1910; J. Hanus and A. Moukup, ib., 68 , 52, 1910; R. Fresenius, Zeit. anal. Chem., 50 , 35, 
1911; H. Nissenson, Zeii. angew. Chem., 23 , 969, 1910; 1. Bellucci and L. Grassi, Gazz. 
Chim. //a/., 43 , i, 570, 1913; F. Ferrari, Atm. Chim. apyl., 4 , 341, 1915; G. E. F. Luridell 
and H. B. Knowles, Journ. Ind. Eng. Chem., 12 , 344, ifeo. 

* J. Brown, Joum. Amer. Chem. Soc., 39 , 2358, 1917. 

® Acetic acid is best for copper. G. E. F, Lundell (Joum. Amer. Chem. Hoc., 43 , 847, 
1921) says that the process is quantitative in solutions containing as much as 20 per cent, 
free sulphuric or hydrochloric acid and that the precipitate is not dissolved by cold, dilute 
(1 in 9) hydrochloric acid wash liquor. Conversely, E. H. Archibald and R. V. Fulton 
(Trane. JRoy. Hoc. Canada, 13 , (3), 243, 1919) assert that the iron precipitate is slightly soluble 
in the acid solution from which it is precipitated and also in the wash water. They recommend 
the addition of ammonium chloride, before precipitation, to reduce the solubility. For the 
solubilities of metallic derivatives of cupferron in various media, sec A. Pinkus and F. Martin, 
Chim. et bid., Special No., 182, 1927; Joum. Chim. phye., 24 , kl, 1927. 

* Baudisch’s Oupfkrron Reagent. — D issolve 6 grms. of the white crystalline solid — 
ammonium nitrosophenylhydroxylamine — water and make the solution up to 100 c.c. 
The solution will keep in the dark for about a week. If exposed to the light, it becomes 
turbid owing to the formation of nitrobenzene. Old turbid solutions should be filtered before 
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recognise, since small white crystals of nitrosophenylhydroxylamine separate 
as soon as all the copper or iron has been precipitated. It is then necessary 
to add a further excess of the reagent, say, one-fifth of the volume of that 
already added. After a few minutes, filter by suction on a paper filter. If 
the precipitate creeps through the paper, re-filter or stand in the cold and 
then re-filter. Wash first with 2N-HC1, containing a few drops of the reagent 
solution, and then with 5N-ammonia^ in the case of iron, or sodium carbonate 
in the case of copj)er, so as to remove the excess of the reagent. In the latter 
case finish the washing with water. The precipitate can be ignited very slowly 
in the ordinary way and weighed as oxide — Fegll^ (or CuO).^ 

Trial separations of iron from aluminium, nickel and chromium, and of 
copper from zinc and cadmium, are excellent. The chief value of the process 
lies in the fact that it furnishes a useful means of precipitating iron in the 
presence of cobalt, zinc, manganese, nickel, chromium, aluminium, sulphates 
and moderate amounts of alkaline earths, alkalies and jdiosphates.^ The 
separation of copper from cadmium and zinc by this |)rocess offers, as yet, no 
particular advantages over the older process (i)age 365). It has also been 
recommended for separating titanium and zirconium from aluminium.’* 


§ 249. The Separation of Iron -Ether Process. 

When a solution of ferric chloride with arsenic, antimony, aluminium, 
titanium, zirconium, chromium, vanadium, manganese, uranium, cobalt, 
nickel, copper, calcium and magnesium chlorides is acidified with hydrochloric 
acid, and shaken with ether, th<? mixture separates into two layers— an ethereal 
solution of ferric chloride alcove, and an aqueous solution of the other chlorides 
below. The two layers can be separated in a suitable funnel. Some gold, 
tungsten and molybdenum,^ if present, are more or less com])letely removed 
with the iron in the ethereal layer. The same remark applies to thallium, 
stannous and mercuric chlorides.® W. 8key first proposed to separate iron 
from many associated elements in this manner; and he also suggested the 
corresponding separations: cobalt from nickel; and gold from platinum.’ 

^ Some analysts deprecate the use of animoniaoal wash liquors and say that losses, as 
shown by turbid filtrates, are occasioned thereby — G. E. F. Lundcll, Journ. Amer, Cheni. 
<.Voc., 43, 847, 1921; A. Pinkus and F. Martin, Chim. et ImL, fSpecial No., 182, 1927. 

* Finish the ignition over a Meker burner. 

® For instance, say, 5 grnis. of a browm iron ore are digested with 60 c.c. of concentrated 
hydrochloric acid and* boiled with potaasium chlorate. Wheri cold, make the solution up to 
600 c.c. Pipette 26 c.c. into a beaker, add 20 e.e. of hydrochloric acid and 100 c.c. of cold 
distilled water. Then precipitate the iron with cupferron as above. 

* 1. Bellucci and L, Grassi, AUi H, Accad, LhiccA, (5), 22, i, 30, 1913; Onzz. Chim, 
ItaL, 43, i, 670, 1913; W. M. Thornton, junr., Atner. Jonm, Nc/., (4), 37, 173, 407, 1914; 
W. M. Thornton, junr., and E. M, Hayden, junr., *6., (4), 38, 137, 1914. 

® Molybdenum appears to be but imperfectly separated in the absence of ferric chloride 
— W. Skey, Chem. Ncwa^ 36, 48, 1877; 16, 201, 324, 1867; A. A. Blair, Journ. Amer, Cheni. 
Soc.f 30, 1229, 1908; M. de Jong, Zeit. anal. Chem.^ 41, 596, 1902; C. D. Braun, ?6., 2, 36, 
1863; 6, 86, 1867. A. A. Blair (/.c.) says that the molybdenum is completely removed along 
with the ferric chloride by the ether and this enables molybdenum to be perfectly separated 
from vanadium, chromium, copptir, manganese, nickel and aluminium in iron or steel. 

* The chlorides of the alkalies, calcium, nickel, zinc and cadmium, and the thiocyanates 
of nickel, copper and zinc, are soluble in anhydrous but not in aqueous ether — W. Skey, 
Chem, News, 36, 48, 1877. Stannous chloride is soluble in ether--M. de Jong, Zeit. anal, 
Chem,, 41, 696, 1902. 

’ R. Willst&tter {Ber., 36, 1830, 1903) separates gold chloride from platinum chloride in 
aqueous solutions by extracting with ether — F. Mylius, Zeit, anorg, Chem., 70, 203, 1911. 

page 468 . 
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Rothc/ however, has applied Skey’s idea to the technical analysis of iron 
compounds and the method has now won a place in analytical practice. Two 
or three extractions with ether are sufficient to remove practically all the iron. 
Effect of Acid, — The acidity of the solution requires attention.^ If the 

Table LIV. — Relation between the Strength of the Acid and the Partition 
of Iron (as Ferric Chloride) between Ether and Dilute Acid. 



• ■ 


Strength of 
hydrochloric acid. 

Per cent, of iron. 



(Sp. nr.) 

Aqueous solution. 

Ethereal solution. 

1*193 

990 

10 

M64 

97-5 

2-5 

1*158 

!t2-84 

7*16 

1151 

74*0 

260 

1123 1 

7*2 

92*8 

M15 j 

2*4 

97-6 

Mil j 

2*6 

980 

1105 1 

1*95 

9805 

M03 i 

j 1-95 

98*05 

1*091 1 

1 3-3 : 

96*7 

1*0825 

1 10*0 i 

900 

1*069 

1 47*5 

52*5 

1*06 

87*0 

1 13*0 

1*0525 

i 98*4 

i 1*6 

1*0424 

99*6 

j 0*4 


^ J. W. Kothe, Mitt, konig. tech. Vcr., lo, 132, 1892; Chem. Newn, 66, 182, 1892; Stahl 
EiseUj 12, 1052, 1892; A. Ledcbur, <6., 13, 333, 1893; E, Hanriut, Hull. Soc. chhn.^ (3), 7, 
161, 1892; F. N. Speller, Chem. News^ 83, 124, 1901; E. Piuerua, yVa, 75, 193, 1897; A. A. 
Noyes, W. C. Bray and E. B. Spear, Tech. Quart., 21, 14, 1908; Journ. Amcr. Chem. Soc., 
30, 481, 1908; G. W. Sargent, ih., 21, 854, 1899; A. C. Langmuir, ib., 22, 102, 1900; H. 
Wedding, Verhntid. Yet. lief. Gew., 84, 1893; S. PaJkin, Journ. Ind. Eng. Chem., 9, '951, 
1917; T. Szaffka, Magyar Chem. FoL, 35,44, 1929; Chem. Zentr., (2), 275, 1930; O. von 
Grossmann, Chem.. Ztg., 54, 402, 1930; E. F. Kern, Journ. Amer. Chem. Soc., 2 $, 685, 1901 
(separation of iron from uranium); J. M. Matthews, ib., 20, 846, 1898; Chem. News, 79, 97, 
112, 1899 (separation of iron from zirconium, thorium, cerium and titanium); F. A. Gooch 
and F. S. Havens, ib., 74, 296, 1896; Amer. J. Science, (4), 2, 416, 1896 (separation iron and 
aluminium); A. Carnot, MHhodes d'Ai'ialysc des Fontes de.s Fers et des Aciers, Paris, 123, 
1895. For the separation of iron and vanadium, E. Deiss and H. Leysahi, Chem. Ztg., 35, 
878, 1911; for iron and nickel, J. P. Thompson, Joum. Jnd. Eng. Chem., 3, 950, 1911; for 
iron and indium, L. M. Dennis and W. C. Geer, Her., 37, 961, 1904; Journ. Amer. Chem. Soc., 
26 , 437, 1904; F. C. Mathers, Ber., 40, 1220, HH)7; Joum. Amer. Chem, Soc., 29, 485, 1907; 
indium is slightly soluble in the ether, S. Palkin {l.c.); for iron and zinc, H. A. Bright, Bur. 
Stand. Joum. Research, 12, 383, 1934. G. L. Norris {Journ. Soc.. Chem. hid., 20 , 551, 1901) 
prefers a mixture of acetone and ether rather than ether alone, while H. D. Minnig (Am-er. 
Joum. Sci., (4), 39, 197, 1915) uses a mixture of 1 volume of acetyl chloride and 4 volumes 
of acetone. R. W. Dodson, G. J. Forney and E. H, Swift {Journ. Amer. Chem. Soc., 58, 
2573, 1936) say that isopropyl ether is much more effective than ethyl ether over a wider 
range of acid concentrations. From 99*1 to 99*5 per cent, of the total iron is extracted 
from solutions containing 24 to 31 grms. of hydrochloric acid per 100 c.c. Pentavalent 
vanadium and hexavalent molybdenum are also extracted. 

It must be pointed out that, since the ether initially contains no hydrochloric acid, the 
amount of hydrochloric acid in the aqueous layer is decreased by each extraction if ordinary 
ether be used. Hence some use ether slightly acidified with HCl. Ether dissolves 3 per cent, 
of its volume of water. 10 c.c. of a solution of ether which had been shaken with an equal 
volume of hydrochloric acid (sp. gr. 1*1033) contained but 0*0019 grm. of HCl. Speller found 
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solution has much above or below 20 per cent, by weight of hydrochloric 
acid, the efficiency of the extraction will be impaired. For instance, Speller 
found that when 0*8 grm, of iron (as ferric chloride) was dissolved in 
100 c.c. of hydrochloric acid, of the strength stated, shaken with twice 
its volume of ether and allowed to stand 30 minutes at the iron was 

divided between the ethereal and aqueous layers as indicated in Table LIV. 
Hence hydrochloric acid of specific gravity 1*100-1'115 (22*0 to 25-5 grms. of 
HCl per 100 c.c. of solution) is 7n os f favourable to the extraction of ferric chloride 
by ether. 

Effect of Phosphorus. If phosjffiorus be present, Wysor ^ has shown that 
there is an increasing amount of phosphorus lost in the ether layer with an 
increase in the proportion of iron and phosphorus. Hut “a fairly constant 
percentage of the phosphorus present in the solution remains with the iron 
in the ether separation. The approximate error may therefore be calculated 
and the proper correction applied.” The first line in the following table gives 
the amount of soluble j)hosj)horus pentoxide in the given sample; and the 
succeeding lines the weight of phosphorus pentoxide to be added to the weight 
of the alumina residue found for dilTerent amounts of iron: 

P2O5 .... 0*0023 0*004t) 0*0092 0*0182 0*0366 grm. 

Correction per 1 grm. Fe 0*0005 0*0009 0*0016 0*0031 ()*0060 ,, 

Correction ]:)er 2 grm.s. Fe . . . 0*0015 0*0029 0*0055 0*0108 ,, 

Correction per 3 grins. Fe . .. 0*0017 0*0032 0*(K)64 0*0130 „ 

It is assumed that the correction for the intermediat(‘ values of phosphorus 
and iron can be obtained by interpolation. 

Extractio7i of the Iro7i by Rothe^s Z^ipcZ/c.^ — Rothe’s pipette, mounted ready 
for use, is illustrated in fig. 108. Two mixing cylinders, each of about 200 c.c. 
capacity, are connected at their lower ends by a 3:way cock. The upper ends 
of the cylinders are fitted with 2-w'ay stopcocks. The boring of the 3-way 
cock w*ill be obvious from fig. 109, which shows five different positions, 
numbered 1 to 5. 

The 3~way cock is jdaced in the position No. 1 ; the solution under investiga- 
tion,^ containing about 23 per cent, of hydrochloric acid (weight/volume) and 
occupying 50 -60 c.c,, is poured into the left cylinder by means of the long 
funnel as shown in the diagram, fig. 108. The beaker and funnel are washed 
with 23 per cent, hydrochloric acid. Close the left stopcock. Place the funnel 
in the other cylinder and introduce 100 c.c. of ether.^ Remove the funnel 
and close the stopcock. Connect the ether cylinder with the rubber bellows, 
as shown in the diagram. Open the right stopcock and blow a small quantity 
of air into the ether cylinder. Turn the 3-way stojicock into the position 
No. 2, and ether will bubble through the solution in the left cylinder. The 


that when 150 c.c. of anhydrous ether were shaken with 100 c.c. of hj^drochloric acid, and 
allowed to stand 30 minutes at 100 c.c. of the acid contained: 

Ether ... 140 89 64 30 19 15-5 14*4 c.c. 

Sp.gr, acid . . M77 M40 1*123 1*103 1*075 1 063 1*055 

The presence of ferric, copper, cobalt and nickel chlorides in the hydrochloric acid slightly 
modihed the solubility of ether in the acid. 

^ R. J. Wysor, Journ. Ind. Eng. Chem.^ 2 , 45, 1910. 

® Many other forms of “separating funnels” or “separating pipettes” liave betm devised, 
e.g. A. Carnot, MHhodes d" Analyse des Fontes de/i Fers et des Ariers, Paris, 124, 1895. 

* The solution should be quite clear; if not, filter. Nitric acid and chlorine should be 
absent. If present, they must be removed by evaporation, 

* No naked fiames must be near while the ether is being used. 
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ether becomes warm as it mixes with the solution.^ When about nine-tenths 
of the ether has bubbled through the solution, restore the 3-way cock to No. 1 

position. Close the other two cocks. Cool 
the cylinder under a stream of cold water 
and thoroughly agitate the solution under the 
water tap. Open the right cock. Force 
more air into the right cylinder, and turn 
the 3- way cock into position No. 2. The 
remaining ether passes into the left cylinder.^ 
Turn the 3-way stopcock into position No. 1. 
Close the two remaining cocks and shake the 
apparatus vigorously. Let the apparatus 
remain at rest two or three minutes. The 
liquid in the left cylinder separates into two 
layers. Open the two 2- way stopcocks, and 
turn the 3- way cock into position No. 2. 
When the lower aqueous layer has passed 
into the right cylinder,® so that but a little 
of the aqueous layer remains in the capillary 
tube on the left, turn the 3-way cock into 
position No. 1. Close the 2-way cocks. Shake 
the apparatus, whereby any drops of aqueous 
liquid adhering to the walls of the left cylin- 
der collect on the bottom. The ethereal 
layer will be clear in 5-10 minutes. Then 
blow the remaining aqueous liquid into the 
right cylinder until a little of the ethereal 
layer appears in the capillary at the bottom 
of the right cylinder. Place a beaker below 
the 3-way stopcock, and turn this cock into 
the position No. 3. Open the left 2-way 
cock, and the ethereal solution containing 
the ferric chloride flows into the beaker.^ Turn the 3-way cock into the 
position No. 1, Pour a little ether into the left cylinder. Close the 


Fio. 109. — Bore of 3-Way Stopcock in Kotho's Pipette. 

stopcocks; shake; and if any aqueous solution separates, blow it into the 
right cylinder and run off the excess ether by turning the 3-way cock into 
the position No. 3 as before. Turn the 3- way cock into position No. 1. 
Pour about 50 c.c. of ether into the left cylinder and repeat the preceding 

^ Some ferric chloride is reduced to ferrous chloride. But this does not matter. 

* This procedure prevents error arising from the non-extraction of the liquid in the 
capillary tiibes connecting the two cylinders. 

® Assisted, if necessary, by connecting the blower with the left cylinder. 

* If much copper and cobalt be present, appreciable quantities of copper and cobalt 
chloride will be dissolved by the ether. In that case, add 10 c.c. of hydrochloric acid (sp. gr. 
1*104) to the ethereal solution, shake and draw off the aqueous layer containing the copper 
and cobalt into a second beaker. 




Fi(5. 108. — Hot he’s Ether Pipette. 
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operations, simply reversing the cylinders.^ This leaves the aqueous solution 
in the left cylinder. Repeat the operation a third time with another 50 c.c. 
of ether. This leaves the aqueous solution in the right cylinder. 

Treatment of Ethereal Layer , — The three ether extractions will have 
removed practically all the iron from the aqueous layer. The ethereal solution 
is transferred to a porcelain basin and evaporated on an electrically -heated 
water bath at 50°-60^, in order to drive oif the ether. The dry residue may 
then be dissolved in hydrochloric acid and the iron determined in the usual 
way (page 180). 

TreaUnent of Aqueous Layer.- The aqueous solution, freed from iron, is also 
run off into another porcelain dish. The 
funnels are washed with 20 per cent, 
hydrochloric acid and the solution is 
evaporated to dryness to remove the 
ether. It is then ready for any other 
separations which may be required. 

Extraction of the Iron by SoxhleVs 
Extractor. —Instead of ‘‘shaking out” 
with ether by means of a separating 
funnel, it may be more convenient to 
extract the iron from the solution })y a 
modification of Soxhlet’s extractor,^ say 
Taylor’s extractor, illustrated in fig. 11(3. 

The solution— 25 30 c.c. — is placed in 
the receptacle A; ether is placed in the 
flask B. The latter is heated by a water 
bath, or an electric lamp. The ether 
boils, the vapour is condensed in C. The 
condensed liquid runs into A, bubbles 
through the solution and is finally 
syphoned into the flask B. This cir- 
culation of the ether will extract all the 
iron from the solution in a short time. 

At the end of, say, an hour, when the 
solution has cooled, the apparatus is 
disconnected. The ethereal solution of 
iron in the flask and the extracted 
solution in the receptacle A, are treated 
as described above. 

§ 250. The Analysis of Iron Oxides, Red Earths and Iron Ores. 

The iron in iron ores, iron oxides and red marls can sometimes be extracted 
by boiling the powdered sample with concentrated hydrochloric acid — with 
or without a little nitric acid. Nitric acid should always be added if sulphides 
be present, in order to oxidise the sulphides to sulphates.*’^ The silicate ores 

^ Note the poRitions of the 3-way cock Nos. 4, 2, 5 for working the right cylinder, compared 
with Nos. 1, 2, 3 while working the left cylinder. 

* H. r. kSmith, Chem, News, 83 , 152, 1901; H. Gockel, Zeit. anyew. Chem., 10 , 683, 1897; 
I. Greenwald, Journ. Ind. Eng. Chem., 7 , 621, 1915. 

* Otherwise, the results of, say, the dichromate titration will be high. W. F. K. Stock 
and W. E, Jack, Chem. News, 30 , 221, 1874. A. Esilman (Chem. News, 30 , 243, 1874) recom- 
mends filtering off the insoluble residue before titrating for the iron, in order to eliminate as 
far as possible the secondary effects of carbonaceous matter, pyrites, etc. 
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are sometimes more easily decomposed by digestion in acids if they be first 
calcined at a low temperature and even if the ore dissolves readily in acids, 
the silica obtained in the subsequent evaporation (page 147) is cleaner and 
purer than if the uncalcined ore had been digested directly in acids.^ 

If the sample be not decomposed by digestion in acids, the sodium peroxide 
fusion may be used, as described on pages 264 and 529. If iron alone is to 
be determined, the peroxide fusion is usually quite satisfactory for red clays 
and calcined iron oxides ; but several alternative methods have been suggested 
The iron, when dissolved, is reduced and determined by titration with per- 
manganate or di chromate. 

For a complete analysis, the sodium carbonate fusion (page 144) may be 
used.^ A little sodium nitrite (1 to 1*5 grins.) ^ should be added in order to 
oxidise the sulphides to sulphates. Care must be taken to heat the mixture 
slowly or loss by spurting may occur. The hygroscopic moisture, combined 
water, silica,^ elements precipitated by hydrogen sulphide in acid solution, 
alumina, iron oxide, phosphoric and titanic oxides are (Wtermined as indicated 
on page 198. The sulphur can be determined in an aliquot ]>ortion of the 
filtrate from the silica; chromium can be determined as imlicated on page 521. 
The filtrate from the basic acetate separation can })e used for the determination 
of manganese, zinc, nickel, cobalt, lime and magnesia. The zinc is first ])re- 
cipitated as sulphide by hydrogen sulphide in dilute (formic or hydrochloric) 


‘ E. Ladd {Min. Eng. World, 36 , 1350, 1912) proposes to avoid the fusion in the analysis 
of china clays by utilising this principle, but the method cannot be recommended. W. H. 
Worthington {Min. Science, 63 , 521, 1911) recommends opening the sample of ore (in the 
absence of lime and baryta) with potassium bisulphate, bt^cause the silica can be filtered 
immediately the cold cake has been dissolved up in dilute acid. Fusion, filtration and 
washing of the silica occupy about 30 minutes. 

2 Though iron oxides resist attack by the acids better after calcination, this is not m'ces- 
sarily the case with silicates calcined at, say, dull redness. H. Kocholl, Zicd. anal, ('hern., 
20 , 289, 1881; G. W. Dean, Journ. Amer. Chern. Soc., 28 , 882, 1906; H. E. Ashley, Chern. 
Newa, 90 , 274, 1904. 

“ K. W. E. Maelvor {Chern. News, 29 , 246, 1874; B. Krieger, Chern. Ztg., 35 , 1054, 1911) 
states that the iron in hematites readily dissolves as ferrous iron when the finely powdered 
material is digested in a long-necked fiask with sulphuric acid and metallic zinc until all 
action has ceased. The iron is in the ferrous condition ready for titration with potassium 
permanganate. H. Bonitrftger {Zeit. anal. Chm., 35 , 170, 1896; 38 , 774, 1899) says that 
ignited ferric oxide dissolves at once in HCI provided a little iron-free manganese dioxide 
be added. This is probably due to the formation of chlorine. A. Classen {Zeit. anal. Chern., 
17 , 182, 1878) says that ignited ferric oxide dissolves at once in concentrated hydrochloric 
acid if the powdered material bo previously boiled to a flocculent condition with caustic 
potash solution. The alkaline liquid is decanted off and the acid added. T. M. Browui 
{Iron, 361, 1878; DingUr's Journ., 228 , 378, 1878; E. Donath and R. .Teller, Zeit. anal. 
Chern., 25 , 361, 1886) ignites the powdered material intimately mixed with from half to its 
own volume of powdered zinc. The mixture is ignited in a porcjelain crucible for 5-8 minutes. 
The mass is transferred from the crucible to a flask and dissolved in dilute sulphuric acid 
(1 : 2). I^ortions adhering to the crucible can be removed by washing with dilute acid. The 
zinc must be free from iron. The ferric oxide is reduced to metal. Chromium oxide and 
alumina are not reduced to metals by the ignition with zinc powder. H. von .Jiiptner 
{OeMer. Zeit. Berg. JliitL, 42 , 469, 1894) recommends magnesium powder in place of zinc. 
E. Hart {Chern. News, 34 , 65, 1876; J. S. Maclaurin and W. Donovan, Journ. Soc. Chern. 
Ind., 28 , 827, 1909) reduces the ore in a stream of hydrogen gas for 10-30 minutes (page 
267). The sample is then usually easily decomposed by hot dilute acid. F. Michel, Chern. 
Ztg., 36 , 345, 1912; J. .1. Morgan, Journ. Soc. Chern. Ind., 13 , 1024, 1894. 

* For the error produced by solution of platinum when iron ores are fused in platinum 
crucibles, see footnote 6 , p. 500. 

® Potassium nitrate is generally recommended for this purpose. The nitrite neither 
froths nor attacks the crucible so much as the nitrate. 

® G. W. 3C)ean, Journ. Amer. Chern.. Soc., 28 , 882, 1906; 29 , 1208, 1907; T. G, Timby 
ib., 30 , 614, 1908; H. E. Ashley, Chern, News, 90 , 274, 1904. 
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acid solution (page 385). The mixed sulphides of manganese,^ nickel and 
cobalt are then preci])itated by hydrogen sulphide in ainnioniacal solution as 
indicated on page 415. The magnesia and lime are determined in the filtrate. 
The residual mixed sulphides are taken up with aqua regia (page 416), the 
solution neutralised with sodium carbonate, acidified with acetic acid and 
treated with hydrogen sulphide, whereby nickel and cobalt sulphides are 
precipitated, as described on page 416. 

§ 251. The Determination of Ferrous Oxide. 

Iron existing in the ferrous condition is rarely reported in clay analyses, and 
when the relative proportions of ferrous and ferric oxides are indicated the 
results are usually of little or no value. One reason is that no satisfactory 
general method is known for the determination of the ferrous iron in clays 
containing organic matter. ^ A number of different methods have been sug- 
gested for decomjKJsing silicates without interfering wdtli the state of oxidation 
of the iron. For example: 

(J) Fusion wdth sodium carbonate. The objection to this process is the 
risk of absorbing air during the fusion and the consequent oxidation of the 
manganese. The manga nates, later on, oxidise the ferrous salts, leading to 
low results when the solution of the fused mass is titrated with })ermanganate.^ 

(2) Fusion wdth borax — Hermann's process. Here high results are 
obtained owing to the reduction of ferric salts during the fusion.^ 

(3) Digestion in a sealed glass tube with sulphuric acid, or a mixture of 
hydrofluoric^ and sulphuric acids, at 15()'''-2t)0°. This method furnishes very 
fair results in the absem^e of sulphides.*^ 

(4) Digestion in a platinum crucible with a mixture of hydrofluoric and 
sulphuric acids, in an atmovsphere of carbon dioxide.'^ 


^ V. Macri, Monit. Srievt., (4), 20, 18, 1906: A. Kaysser, Chem. Ztg.y 35, 94, 1911 (bog 
iron ores); F. Michel, Chem, Ztg.y 36, 34o, 1912. 

* N. F. Solov’eva {Proc. Leningrad Dept, Inst. Fert.^ 17, 21, 1933) gives a method for the 
determination of ferrous iron in the presence of organic matter. 

® W. Early, Chew. Fews, 30, 169, 1874. 

* R. Hermann, Journ. prakt. Chem., (1), 15, 105, 1838; W. Suida, Tschermak's Mitt., 

(1) , 5, 176, 1876; C. Bodewig, Fogg. Ann., 158, 222, 1876; C. Rammelsberg, Zeit. deut. Geol. 
Oes.. 24, 69, 1872; H. Rose, Handlmch der analytwchen Chemie, Braunschweig, 2, 699, 1871. 

® Presumably the hydrofluoric acid is not exhausted by attacking the glass before it has 
had time to react, with the 8ubstan(?e under investigation. According to W. F. Hillebrand 
{Bull. U.S. Geol. Sur., 700, 193, 1919), the addition of hydrofluoric acid is “of very doubtful 
utility.” 

* A. Mitscherlich, Journ. prakt, Chem., (1), 81, 116, 1860; (1), 83, 445, 1861: Zeit. anal. 
Chem., I, .56, 1862; C. Doelter, ib., 18, 50, 1879; Tschermak's Mitt., (1), 7, 281, 1877; (2), 3, 
100, 1880; A. Remel6, NoiizblaU, 3, 160, 1867; 4, 173, 1868. W. Michaelis {ib., 5, 204, 
1869) says all the clay is not decomposed. For hydrochloric acid in sealed tubes — A. H. 
Allen, Chem, News, 22, 57, 1870; 8. I5na de Rubies, Anale^ Fis. Quim., 10, 78, 1912; Chem, 
Zlg>t 36, 570, 1912. For operating with sealed tubes, consult page 551. 

’ G. Werther, Journ, prakt. Chem., (1), 91, 321, 1864; J. P. Cooke, Amer. J. Science, 

(2) , 44, 347, 1867; J. H. Ih-att, ib., (3), 48, 149, 1894; F. P. Treadwell, Kurzes Lehrbuch der 
analytischen Chemie, l^eipzig, 2, 415, 1911; F. Mohr, Zeit, anal. Chem., 7, 450, 1868; A. R. 
Leeds, ib., 16, 323, 1877; C. Doelter, ib., 18, .50, 1879; O. HackI, ib., 67, 197, 1925; C. E. 
Avery, Chem. News, 19, 270, 1869; O. L. Barnebey, Journ. Amer. Chem. Soc., 37, l481, 
1916; L. A. Sarver, ib., 49, 1472, 1927; C. J. Schollcnberger, ib., 53, 88, 1931; W. F. Hille- 
brand, BuU. U.S. Geol. Sur., 700, 203, 1919; E. Salvatore and A. Squco, Zeit. Krist., 66, 
162, 1927; H. Heinrichs, Olastech. Ber., 5, 164, 1927; A. E. J. Vickers, Trans. Cer. Soc., zy, 
156, 1928; M. S. Kovtun, Zavadskaya Lab., 5, 1042, 1936; N. E. Densem, Journ. Soc, Glass 
Tech., 20, 309, 1936; C. A. Wilbur and W. Whittlesey {Chem. News, 22, 2, 1870) use a mixture 
of oaloium fluoride and hydrochloric acid; and A. H. Chester and F. I. Cairns (Amer. J. 
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The silicate, when decomposed by one of the methods — (4) for preference — 
indicated above, is titrated with a standard solution of potassium permanganate 
for the ferrous iron.^ 

Dissolution of the Ferrous Trov, From 0-3 to 1 grm. of the sample, powdered 
as coarsely as will permit of its decomposition by the acids in a reasonable 

time, 2 is placed in a platinum crucible 
or dish- approximately 40-50 c.c. — 
and stirred up with 15 c.c. of dilute 
sulphuric acid (1 : 3).® The stirring 
must be thorough, since the powder 
may ‘"cake” at the bottom of the 
dish and escape* attack by the acids 
later on. Place the crucible A on a 
support, fig. Ill, ill Treadwell’s de- 
composition vessel,^ wdiich consists of 
a leaden box B supported in a paraffin 
wax ^ bath C. The leaden cover 
has two holes D and E. A rapid 
stream of carbon dioxide gas ® is passed through D for about 5 minutes. The 
lead cover is removed and about 10 c.c. of concentrated hydrofluoric 


Scifucey (3) 34, 113, 18S3) u«e a mixture of ammonium fluoride and sulphuric acid. J3. A. 
Soule {Journ. Atmr. Chem. AVw., 50, 1691, 1928; 51, 2117, 1929) decomposes the material 
in a hard glass flask and titrate.s the ferrous iron eleetrometrii'ally with ceric sulphate. For 
a discussion of methods, see V'. Smirnov and N. Aidinyan, Compt. rend, Arad, Sci, {U.S,S,H.)f 
14, 353, 1937, and (). Haekl {Mikrorh< m,y 21, 224, 1937) for the detection of FeO and KeaG., 
in silicates. “ " 

^ J. M. Eder {Monats,, 1, 137, 140, 1880) suggosts the following gravimetric; process 
for the determination of ferrous oxide in the presence of organic, matter and ferric oxide. 
The solution must not be too strongly acid: — Add an excess of neutral potassium oxalate 
and silver nitrate. In a few minutes add sufficient tartaric acid to prevent the precipitation 
of ferric hydroxide on addition of ammonia. Add an exeess of ammonia. The addition of 
some aimnonium chloride here favours the filtration and washing of the precipitate. The 
precipitated silver may be dissolved in nitric acid, precipitated and weighed as silver chloride. 
Iroin this, the ferrous oxide can be detomiined by computation from the equation: 2FeO 
+ AggO — IcgOa +2Ag. Hence I grra. of silver represents 0*6658 grm. FeO; or J grm. of 
silver chloride repn’sents 0*5012 grm. FeO. For a method for the determination of ferrous 
and ferric oxides and metallic iron in the preaen(;e of one another, see F. Kaufmann, Chem, 
^Ag,y 57> 122, 1933; T. Tazawa, Seitetsu KenkyUy No. 134, 1933. For the separation of 
ferrous and fcnic oxides in silicates by digesting the powdered mineral in a sealed tube with 
a mixture of potassium iodide and hydrochloric acid at 120°, see H. Schnerr, Beitrdge zur 
chemischen KenntnU des Granitgruppcy Miinchen, 1894; Zeit, anorg. Chem,, 7, 369, 1894. 
it * silicates — particularly those poor in silica and rich in magnesia — are liable to 

cake” on the bottom of the crucible and escape attack by the acid. M. Dittrich {Ber,, 
44, 990, 1911) recommends that the pow’dered mineral be intimately mixed with coarsely 
ground quartz, which resists attack by the hydrofluoric acid long enough for the mixed 
acids to attack the mineral. The quartz also exposes a larger surface of the mineral to the 
attack. N. E. Densem {l,c.) boils the mixture of acids in the crucible in an atmosphere of 
carbon dioxide for 15 minutes to expel dissolved oxygen before adding the powdered sample. 

* If carbonates be present the mixture may effervesce. Hence the acid must be added 
slowly to the dish, covered with a watch-glass to prevent loss by spurting. The cover must be 
afterwards rinsed into the dish. There is little danger of oxidation of the ferrous iron at this stage. 

* F. P. Treadwell, Kurzes Lehrbtich der analytischen Chemie., Leipzig, 2, 416, 1911. For 
a convenient modification, see N. E. Densem, Journ, Soc, Glass Te^h, 20, 309, 1936. 

* Instead of paraffin wax, L. W. Bosart {Jemrn, Amer. Chem, Boc,, 31, 724, 1909; Chem, 
News, 100, 238, 1909) recommends a mixture of 10 parts refined cotton seed oil and 1 part of 
beeswax. It fumes but little below 250°, and its flash '*point in an open cup is above 300°; 
hard paraffin wax under the same conditions flashed at 215°. Like paraffin wax, the mixture 
solidifies on cooling, but it melts more quickly. Special oils, with a flash-point over 300°, 
are now sold for charging oil baths. 

® Purified as indicated on page 174, footnote 7. 



Fig. 111. — Treadwells Apparatus (Section). 
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acid ^ (40 per cent.) is added to the crucible. The cruci ble is placed directly under 
the opening E. This permits its conteuts to be stirred with a stout platinum 
wire. The bath is now heated to about 100*^ and maintained at that tem- 
perature for about an hour. The aperture T allows a thermometer to be ])laced 
in the paralfin bath C. Some of the excess of hydrofluoric acid may be driven 
off by raising the temperature to 120*^ for another hour. It is important not to 
work too long at the higher temperature lest oxidation result. There should 
now be no grit re])resenting undecomposed mineral in the crucible. The 
use of silicic acid later on renders a prolonged heating to drive off hydrofluoric 
acid unnecessary. Keep the stream of carbon dioxide flowing through the 
apparatus all the time. Let the system cool, while still maintaining the current 
of gas. 

An alternativ(^ and simpler method of decom}>osing the mineral- - not quite 
so effective - is as follows : — 

Fit a 50 c.c. [)latinum crucible tightly into a hole in the centre of a piece 
of asbestos millboard so that the crucible passes about half-way through, and 
th(‘ joint between the crucible and asbestos is nearly air-tight. Moisten half 
a gram of the fH)arsely powdered samjfle in the crucible with water. Put in a 
couple of coils of jflatinum wire to prevent bumping. Add a cold mixture of 
10 (t.c. of hydrofluoric acid and 15 c.c. of dilute sulphuric acid (1 : 3). Cover 
the crucible with a tight-fit ting lid.^ Connect the stem of a 15 cm. funnel ^ with 
a, carbon dioxide generator. The funnel is placed over the crucible and it 
should fit (dos(^ to the asbcvstos millboard. When the air has been expelled by 
the carbon dioxide, a Bunsen burner is jdaced below the crucible (fig. 112) so 
that the tip of the flame is about 3 inches below the bottom of the (*ruci})le, and 
the fianu* is rais<*d or low(‘red until the contents of the crucible boil gently. The 
motion jue vents the particles of silicate from caking on the bottom. In 5 or 
10 minut(*s th(‘. mineral will be decom}>osed. The burner is removed. When 
the steam in the crucible has condensed, the crucibh‘ is lifted with a })air of 
tongs,** without removing the lid, and plunged into a 000 c.c. beaker containing 
400 c.(‘. of cold, recently boiled distilled water, 20-25 grins, of potassium 
suli»hate and 20 grins, of pure silicic acid.^ The lid of the crucible is removed 
and the contents are ready for titration.® 

for the Ferrous Oxide , — Stir the mixture thoroughly and titrate as 
rapidly as possible with standard permanganate (page 180). The first per- 
manent pink blush is the end-point. This fades in a short time. It is well 
to confirm tln^ method by a blank test, or with ferrous sul])hate solution 
which has been standardised with hydrofluoric acid. To obviate the fading 


^ Hydrofluoric acid may contain reducing agents, e.g. arsenious acid, hydrogen sulphide — 
(’. .Ichn, Zteit. anal. Ckem.^ 13 , J7fl, 1874; Arrhw l*harm,y (3), i, 481, 1873. If the acid 
be made in leaden vessels it fre(|uently contains sulphurous acid. If present, this must be 
destroyed by the addition of potassium permanganate until the colour just ceases to be 
discharged — W. tIamiK% Chemi ZUj., 15 , 1777, 1891. See pages 149 and 219. W Smirnov 
and N. Aidinyan (/.c.) cover the reaction mixture with a layer of toluene or with a solution 
of paraffin wax in toluene to pi*evcnt bumping on heating. 

* L. A. Sarver (Journ, Anur, Chem, 6 V>c., 49 , 1472, 1927) uses a transparent bakelite 
cover, fitted with an entrance tube and funnel, also of bakelite. See also 0. J. Schollenberger, 
Journ, Atmr, Chem. aS’oc., 53 , 88 , 1931. 

® Coated inside with paraffin wax. 

* A loop of platinum wire may be fixed round the crucible Iwfore it is placed on the 
asbestos millboard, for convenience in lifting and transferring the hot crucible to the beaker 
of water. 

® Or enough to neutralise all the hydrofluoric acid which is present. 

® A reddish-brown sediment which dissolves when stirred up with water is not to be 
mistaken for undecomposed mineral. 
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end-point, the addition of boric acid, instead of silica and potassium sulphate, 
has been recommended, as the hydrofluoric acid is thereby inactivated through 
the formation of liydrofluoboric acid, HBF 4 .^ Schollenberger ^ says that if the 
ferrous iron be titrated with standard dichromate, using diphenylamine as 
indicator, the presence of free hydrofluoric acid is actually an advantage, since 



Fig. 112. — Opening Silicates for the Determination of Ferrous Iron. 

it intensifies both the colour and sharpness of the end-point- -hence he recom- 
mends the omission of boric acid or similar reagents. One grm. of KMnO^ 
represents 2*273 grms. of FeO, which, in turn, is equivalent to 2*526 grms. of 
FegOs. Hence calculate the ferrous oxide to ferric oxide and subtract the 
result from the total amount of ferric oxide determined in the sodium carbonate 
fusion as indicated on page 180. 

Example. — The sodium carbonate fusion, etc. (page 164), furnished 3-65 iH?r cent, 
of Fe 203 . In the abov(^ determination, 1 grm. of the sample required 6*2 e.e. of per- 
manganate containing 0 (K)098 grm. KMn ()4 per c.c. That is, 0 (K)6076 grm. KMn 04 , 
i.e. 0 006076 x 2-273 grm. FeO. Hence the substance has 0-0138 grm. of FeO. But 
0-0138 grm. FeO corresponds with 0-006076 x 2-526 - -0 0153 grm. Fe^O^, that is, 1-53 
per cent. Fe 203 . Hence the sample has 3-65 less 1-53 — 2-12 2 >er cent, of ferric oxide 
— Fe203. 

It is probable that the results for ferrous oxide are usually a little too low. 


§ 252. Disturbing Factors in the Determination of Ferrous Oxide. 

This subject has been carefully studied by Hillebrand and Stokes, and after 
a comparison of the different methods in use for the determination of ferrous 
oxide in silicates insoluble in the mineral acids, it has been stated by Hille- 
brand that, ‘‘despite the utmost care in practical manipulation, the exact 


1 O. L. Bamebey, Joum, Amer. Chem. Soc,, 37 , 1481, 1829, 1916; L. A. Sarver, lx, 
* C. J. Schollenberger, lx,; M. S. Kovtun, Zavodakaya Lab,, S, 1042, 1936. 
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determination of ferrous iron in rocks is fraught with extraordinary difficulties 
and uncertainties. Only in the absence of decomposable sulphides and car- 
bonaceous matter, and when the amount and condition of the vanadium are 
known and relatively coarse powders can be used, is it permissible to regard 
the result as fairly above susjucion.” 

1. The Influence of Fine Grinding . — The unavoidable oxidation of ferrous 
compounds during grinding was discussed on page 107. “Nearly all mineral 
analyses which have been made in the past are affected by more or less serious 
errors in respect not only to the oxides of iron but also to water, the error being 
greater the further the comminution of the sample was carried “ (Hillebrand). 

2. The Influence of Sulphides . — When sulphides decomposable by the acids 
are present, some hydrogen sulphide and possibly also some sulphur dioxide are 
formed.^ These gases will reduce some of the ferric oxide to ferrous oxide, and 
consequently the decomposed silicate will contain more ferrous iron than the 
undecom})osod silicate. This is more particularly noticed when the decom- 
position (d the silicate is effected in sealed tubes. The difference between 
the values obtained by sealed tube and oj)en decompositions is not very 
marked when but small quantities — 2 per cent.- -of ferrous iron are present, 
but the error may amount to nearly 2 per cent, when about 10 per cent, of 
ferrous iron is present. O-Ol j)er cent, of sulphur may cause the ferrous oxide 
to appear 0*135 per cent. t{>o high, on the assumption that the sulphide sulphur 
is oxidised to sulphur trioxide. If the sulphide sulphur is liberated as hydrogen 
sulphide and this is subsequently oxidised to sulphuric acid, the error will 
amount to 0*18 ])er cent, for every 0*01 per cent, of sulphur so oxidised. The 
oxidation of the sulphides to sulphates and the consequent reduction of the 
ferric oxide, are greatly accelerated by the prc^sence of ferric salts. The acid 
mixture wdll scarcely attack pyrite, but in the presence of ferric salts the action 
is relatively quick. Nevertheless, wffien but small quantities of pyrite are 
present, its influence on the determination of ferrous iron by the process out- 
lined on page 512 is negligible. “At the same time it is to be borne in mind 
that with increased content in ferric iron an increased amount of pyrite will 
be attacked, and that the extent of this attack is influenced by the degree 
of fineness of the pyrite powder, which itself undergoes oxidation during 
grinding.^’ If an acid-soluble sulphide, such as pyrrhotite, be present the 
bulk of the iron in it may also appear in the final titration as ferrous iron. 

3. The Influence of Organic Matter . — Carbonaceous matter will reduce the 
sulphuric acid in the sealed tube method; and, in general, organic matter wdll 
reduce the ferric oxide and render the determination of the ferrous iron in a 
mixture nugatory.^ 

4. The Influence of Va7iadiurn . — If appreciable quantities of vanadium be 


^ E. A. Wulling, Ber., 32, 2217, 1899; J. H. L. Vogt, Zeit. prnkt. Geot.^ 7, 250, 1899; 
L. L. de Koninck, Ann. Bor. Grot. Belgique, lO, 101, 1883; Zeit. anorg. Chew., 26 , 123, 1901; 
W. F. Hillebrand and H. N. Stokes, Jonrn. Amer. Chem. Soc., 22, 025, 19(M) ; H. N. Stokes, 
Amer. J. Science, (4), 12, 414, 1901. T. Seheerer {Pogg. Ann., 124, 98, 18.50) compared the 
results obtained by the different methods. See also A. Leonhard, Ueher die BeMimmung des 
EiaenoxyduU in Gesteimn, Heidelberg, 1912. 

* W. F. Hillebrand, Bull. U.S. Geol. Sur., 700, 202, 1919. If the sulphides have been 
determined, a correction can sometimes be made for them. 

* J. T. Hewitt and G. R. Mann {Analyst, 37, 179, 1912) titrate solutions of ferric iron in 
presence of organic matter with standard thiosulphate solution, using ammonium thiocyanate 
as indicator and a small quantity of copper sulphate as catalyst. The titration is continued 
until the red colour of the ferric thiocyanate disappears. The end-point is not sharp, and 
better residts are obtained by adding a slight excess of the standard thiosulphate, and 
titrating back the excess with an iodine solution, using starch as indicator. 
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present as, say, a correction must be made for the permanganate used in 

converting V 2 O 3 > V 2 O 5 during the titration (page 181). Every gram of VgOg 
found in the sample will be equivalent to 1‘9171 grins, of FeO in the consump- 
tion of permanganate. Jf the vanadium occurs in the form of VgOg, no 
correction will be required. 

Example. — If a silicate contains O il per cent, of V2O3, and the FeO, calculated 
from the permanganate titration, is 2*11 per cent., it follows that 0*11 x 1-9171 --0-21 
per cent, is not FeO. The FeO ciorrec^ted for the vanadium will then be 2-11 less 
0-21 — I -90 per cent. FeO. 

5. Influence of Hydrofluoric Acid on the Permanganate Titration.— K solution 
of ferrous sulphate in fairly concentrated sulphuric acid oxidises somewhat 
slowly; but if a little hydrofluoric acid be added to the solution, the rate of 
oxidation is considerably increased. Hence it is very im])ortant to expose the 
solutions containing ferrous iron as little as possible to the air before titration. 

According to Pugh ^ fliiorides have no influence in alkaline solution, but in 
acid solution the reduction of the permanganate tends to be arrested at the 
stage of tri valent manganese, especially when weak reducing agents are used. 
High concentrations of hydrochloric acid offset this tendency. 

This discussion all shows that the presence of the hydrofluoric acid interferes 
with the accuracy of the permanganate titration. In the presence of hydro- 
fluoric acid, the permanganate is decolorised very quickly, so that the per- 
manent pink blush normally obtained with permanganate titrations is very 
fugitive in the presence of hydrofluoric acid. It is therefore difficult to get a 
distinct end-point. At the best, the pink blush lasts but a few seconds, and 
it is even more fugitive with increasing amounts of ferrous oxide and of 
hydrofluoric acid. If the solution be boiled some time with the idea of driving 
off part of the hydrofluoric acid, part of the ferrous iron may be transformed to 
ferric iron by the oxidising action of the sul})huric acid as it becomes more and 
more concentrated. Gage ^ states that hydrofluoric acid does not interfere 
with the titration in the presence of calcium phos])hate, but, according to 
Leonhard, the action is then so slow that the end-point is uncertain. Dittrich 
and Leonhard recommend the addition of 1 to 2 grms. of potassium or sodium 
sulphate (not ammonium sulphate) to the mixture to facilitate the recognition 
of the end-point of the permanganate titration."* That being the case, it is 
advisable to spend less time in driving off the excess of hydrofluoric acid, and 
avoid getting low results arising from the oxidation of ferrous iron during the 
concentration of the solution. Fromme also avoids the danger of oxidation 
during the removal of hydrofluoric acid by neutralising the hydrofluoric acid 
with pure silica. The resulting hydrofluosilicic acid enables the titration to be 
conducted more accurately than in the presence of hydrofluoric acid. Alter- 
native methods have been discus.sed on page 514. 

^ C. Cziidnowi(?z, Pogg. Ann., 120, 20, 1863; O. Lindemann, anal. Chem., 18, 99, 
1879; W. F. Hillebrand and F. L. Ransome, Amer. J. Science, (4), lo, 120, 1900. 

* W. Pugh, Trans. Hoy. Soc. S. Africa, 22, 71, 1934. 

® H. Fromme, Tschermak^s Mitt., 28, 329, 1909; R. B. Gage, Journ. Amer, Chem. Soc., 
31, 381, 1909; G. J. Hough, ib., 32, 545, 1910. M. Dittrich and A. I^onhard, Ber. Vers. 
Oberrheifi. gexil. Ver., 2, 92, 1910; ZeAt. anorg. Chem., 74, 21, 1912; O. Follenius, Zeit. anal. 
Chem., II, 117, 1872; E. Rupp, Ber., 38, 164, 1905; A. Leonhard, Ueber die Bestimmung de^ 
Eisenoxyduls in Oesteinen, Heddelberg, 1912. H. 8hinkai and K. Takahashi (Joum. Soc. 
Chem. hid. Japan, 38, Suppl., 133, 266, 1935) say that inaccuracies in the determination of 
ferrous oxide in glass by permanganate are due more to the presence of arsenic than to the 
hydrofluoric acid. 

^ E. Doussen (Zeit. anorg. Chem., 44, 425, 1905; Monats., 28, 163, 1907) recommends 
manganese sulphate; but this is apparently a mistake — W. F. Hillebrand, BtdU U,8, Qed. 
Sur., 700, 198, 1919. 
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6. Influence of Manganous Salts . — The manganous salt formed by the 
reaction between the permanganate and the ferrous iron is itself readily 
oxidised by permanganate in the presence of hydrofluoric acid, so that a sharp 
end reaction is difficult to obtain if much hydrofluoric acid be present, or if 
much manganous sulphate be present. The latter will occur when much 
ferrous iron is under investigation, so that the {)ink tint of the permanganate 
persists longer when but little ferrous iron is in question than with larger 
amounts. The more hydrofluoric acid used, the greater the apparent amount 
of ferrous iron found. ^ 

7. Influence of Titanium . — According to Dittrich and Jjconhard, titanium 
sesquioxide, TigOjj, in the presence of ferric salts produces disturbing effects on 
the end-point in the permanganate titration, and titanium is nearly always 
present in the analysis of silicate rocks. These effects can be obviated by 
pouring the contemts of the crucible containing the hydrofluoric acid, etc., into 
a ()0() c.c. beaker containing 100 c.e. of w^ater mixed with about 10 grms. of 
precipitated silica, and 20 25 grms. of potassium sulphate. The mixture is 
quickly titrated with 0 *or)N-KMn 04 . Hillebrand f)oints out ^ that trivalent 
titanium and iron cannot co-exist in acid solution since the former is oxidised 
by ferric* iron to the tetravalent state. Thus the only influence trivalent 
titanium, even if present, would have on the determination would be to increase 
the apparent amount of ferrous oxide through reduction of the ferric salts 
present. 


* F. A. Melz^;(‘r and L. E. Marrs, Journ. lud. iCmj. Ch'm.y 3 , 1911. 

2 W. F. Hillebrand, Hull. U.S. Geol. Sur., 700 , 198, 1919. ' 



CHAPTER XXXIV. 


THE DETERMINATION OF CHROMIUM, VANADIUM 
AND URANIUM. 

§ 253. The Errors due to the Presence of Chromium, Vanadium 
and Uranium in Clays. 

Vanadium is a fairly common constituent of fireclays.^ If chromium, vana- 
dium and uranium be present in a silicate, they will be precipitated with the 
aluminium, iron and titanium.^ Consequently, these elements will be found 
in the products of the pyrosulphate fusion and, if ignored, they may introduce 
two errors in the analysis: 

1 . The iron deter minati on will be too high. Vanadic oxide — VgOr,— is 
reduced by hydrogen sulphide and ammonium bisulphite to V2O4, and similarly 
by silver® and hydriodic acid^; by magnesium in sulphuric acid solution to 
VgOg; and by metallic zinc, more or leas completely to VgOg.^ The colour of 
the solution undergoing reduction passes from yellowish (VgO^j) to blue (V2O4), 
to green (V2O3), to lavender (V202)- The reduced oxides — V2O4, VgOg and 
VgOg — are converted to V2O5 by titration with permanganate. Consequently, 
the action of, say, one molecule of VgO^ on the potassium permanganate will 
be equivalent to the effect of two molecules of reduced ferric oxide ; and the 
action of a molecule of V2()4, the same as one molecule of reduced ferric oxide. 
Hence, with the ammonium bisulphite reduction, every gram of vanadium 

^ A. Terreil, Compl. rend., 51, 94, 1860; A. Fioletov, Keram. JinndMch., 35, 270, 1927. 

^ Note, if certain member« of the hydroj'cn sulphide group be removed before the ammonia 
precipitation is made, some uranium may be precipitated in that group. The addition of an 
excess of hydrogen peroxide before ammonia will prevent vanadium precipitating with the 
aluminium group — W. Clark, Met. Chem. Eng., ii, 91, 1913. The whole of the vanadium 
is not necessarily precipitated in all circumstances with the aluminium group, but “for all 
practical purposes it is probably safe to assume that the small amounts of vanadium met 
with in rocks are whollj^ in the alumina precipitate”— W. F. Hillebrand, Bull. U.S. Gex)!. 
Sur., 700, 122, 1919. 

® G. Edgar, Journ. Awer. Chem. Nor., 38, 1297, 1916. 

* P. E. Browning, Amer. Journ. Science, (4), 2, 185, 1896; C. C. Perkins, ib., (4), 29, 
540, 1910; P. Hett and A. Gilbtjrt, Zeit. Offmtlich Chew., 12, 265, 1906; T. Warynski and 
B. Mdivani, Mon. 8ci., 22, 527, 1908; T, F. Rutter, Zeit. anorg. Chem., 52, 368, 1907; H. 
Ditz and F. Bardach {Zeit. anorg. Chem., 93, 97, 1915) say that reduction proceeds to the 
ter valent state, but this is possibly an error. 

* F. A. Gooch and R. D. Gilbert, Zeit. anorg. Chem., 35, 420, 19f)3; C. Czudnowicz, Pogg. 
Ann., 120, 17, 1863. The statement by B. Glasmann {Ber., 38, 600, 604, 1905) that metaUic 
zinc reduces VgOj to V20a, while metallic magnesium reduces V^Og to V2O3, while both 
agents reduce molybdic acid to molybdenum sesquioxide, was also proposed as a volumetric 
process, with the permanganate titration, for the simultaneous determination of vanadium 
and molybdenum. F. A. Gooch and G. Edgar {Amer. J, Science., (4), 25, 233, 1908; Chem. 
News, 98, 2, 1908), however, have showm that the action of magnesium is somewhat irregular. 
For a study of the conditions under which the sulphur dioxide reduction will reduce vanadium 
pentoxide to the tetroxide, and not attack molybdenum trioxide, see G. Edgar, Amer. J, 
Science, (4), 25, 332, 1908; Chem. News, 97, 245, 1908. A solution containing vanadium 
dioxide cannot be exposed to the air momentarily without undergoing oxidation. 
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pentoxide, V^Og, corresponds with 0*8778 grm. of ferric oxide — FcgOg — and 
with the magnesium reduction, to 1*7556 grms. of ferric oxide. ^ 

Example. — A fireclay containing 0 09 per cent, of vanadium pentoxide showed 
215 per cent, of ferric oxide by the ammonium bisulphite reduction and permanganate 
titration. Hence the effect of the reduced vanadic oxide was the same as 

0 09 X 0*8778 -0 08 grm. FcaO.,. Hence the clay had 2*15 less 0*08 =2*07 per cent, 
of ferric; oxide. 

Chromic acid and the chromates are reduced by hydrogen sulphide, metallic 
zinc, magnesium and aluminium in acid solution, by sulphites and by stannous 
chloride. Uranium salts are also reduced by similar agents. The reduced 
salts are reoxidised by potassium permanganate. Hence both chromium and 
uranium salts will introduce errors in the determination of iron by the titration 
process. If, therefore, appreciable quantities of these elements are present, 
methods of separation must be used, and an allowance made. 

2. The titanium determination tvill be too high. Vanadium compounds give 
a reddish-brown — “brick-red’* — coloration with hydrogen peroxide. This is 
a more intense coloration than the yellowish -orange tint due to titanium, and, 
in consequence, vanadium may intensify the effect of titanium in Weller’s 
colorimetric process, and thus lead to high results. An ex})erienced eye can 
frequently recognise the presence of vanadium from the tint of the solution 
prepared for the colorimetric determination of titanium. ^ 

§ 254. The Detection of Chromium and Vanadium. 

Fuse, say, 5 grms. of the finely powdered silicate wuth 20 grms. of sodium 
carbonate ^ and 3-4 grins, of sodium nitrite. Extract the cold cake with hot 
water and add a little alcohol to reduce the sodium inariganate. Filter the 
solution. The filtrate contains some alumina, silica, arsenic, phosphorus, 
fluorine, chlorine, sulphur, molybdenum, chromium, vartadium and tungsten; 
the residue may contain titanium, iron, uranium,'* barium, zirconium and 

^ Gooch and Newton’s plan (page 172) for the oxidation of TigOg without the oxidation 
of ferrous oxide does not work with reduced vanadium salts, since the degree of reoxidation, 
produced by the bismuth oxide, depends on the experimental (conditions — see W. F. Hille- 
brand, Butt. V,S. 0ml. Sur., 700, 122, 1919. 

* According to H. J. H. Fenton {Journ, Chem. Soc., 93, 1064, 1908), a cold aqueous solu- 
tion of dihydroxymaleic acid gives a straw-yellow coloration in the presence of 1 part of 
titanium (as titanic salt, say TiCb) in 1,00(),000 parts of solution; a lemon-yellow with 

1 ; 150,000; and an intense orange-red with J : J5,(KH>. The coloration is approximately 
“fifteen to twenty times as delicate as the hydrogen peroxide test,” and “it is not given by 
vanadium.” Molybdates and uranyl salts give red or browm colours, w'hich are destroyed 
by acids — the former by heating, the latter in the cold. Tungstic acid gives a brown colora- 
tion which immediately becomes blue. Negative results are obtained with silica, salts of 
thorium, cerium, zirconium and tin. Ferric salts interfere by destroying the reagent. Ferrous 
salts do not interfere. Hence the reaction can l)e used for detecting titanium in presence 
of vanadium. 

* H. L. Robinson (Chem. News, 70, 199, 1894) reports the presence of vanadium in com- 
mercial sodium hydroxide. 

* Treat the residue with nitric acid, and test by boiling the solution w’ith an excess of 
sodium carbonate. It is perhaps advisable to indicate here a few of the important reactions 
of uranium salts. Potassium hydroxide with uranic salts precipitates a yellow potassium 
aiuranate, KjUjO,; ammonium hydroxide, a yellow ammonium diuranate, (NH4)aUgO,; 
sodium carbonate, a yellow uranyl sodium carbonate, UOjNa4((X)3)8. Ammonium sulphide 
precipitates a brown uranyl sulphide, UOaS, which is soluble in ammonium carbonate and in 
^lute acids. TJranyl salts accordingly give no precipitate with ammonium sulphide in the 
presence of ammonium carbonate. Potassium ferrocyanidc gives a brown precipitate of 
uranyl ferrocyanidc, either UO^ . KjFe(CN)8 or (UOa)aFe(CN)«. Sodium phosphate gives a 
yellowish- white uranyl phosphate, UO8HPO4, which passes into ammonium uranyl phosphate 
in the presence of ammonium salts. 
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rare earths. Nearly neutralise the filtrate with nitric acid, but keep the 
sodium carbonate in slight excess. Evaporate the solution to dryness, take up 
the mass with water and filter. Add jnercurous nitrate to the alkaline solution, 
when mercurous arsenate, chromate, molybdate and tungstate may be pre- 
cipitated. Boil the solution and flitter. Dry and ignite the preciyntate in a 
platinum crucible, fuse with sodium carbonate and extract the fused mass with 
water. 

Chromium - A yellow solution probably indicates chromium.^ The tint of 
the solution deepens on the addition of, say, sulphuric acid. Pour a little of 
the solution into a test tube, add an excess of hydrogen peroxide and shake up 
the mixture with 3 (‘.c. of ether.- A blue coloration in the ethereal solutioTi 
floating on the aqueous solution indicates chromium.^ See ])age 541. 

Cazetieuvcs Test. Cazeneuve'* has shown that diphenylcarbazide, 
CO(NH . NH . (-eHrjlo, is an extremely delicate reagent for chromium as (‘hromate 
and the test is far more sensitive than that with hydrogen peroxide. The 
reagent is ])re])arcd by dissolving 0*2 grm. of di])henylcarl)azide in 10 c.c. of 
acetic acid and diluting to l(K) c.c. The chromate solution is acidified with 
acetic, hydrochloric or sulphuric acid and a few drops of the solution of the re- 
agent are added. A violet-pink colour develo])s and the test is said to be sensitive 
to one part in several millions. Mercury and molybdenum interfere, hence they 
must first be removed, if ])resent, by hydrogen sulphide as in the vanadium 
test (v. infra). The chromium in the filtered solution is reoxidised to chromate 
by adding a slight excess of sodium peroxide and then boiling well to decompose 
the excess of peroxide. The test is carried out on this solution as given above. 

Vanadium . — Acidify a portion of the solution with sulphuric acid and 
precipitate molybdenum, if present, by hydrogen sulphide in a pressure flask 
(page 276). If tin be present, oxalic acid will keep it in solution. Molybdenum, 
arsenic and traces of ])latinum will be precipitated, if j)resent. The filtrate 
from the precipitated sulf)hides is boiled while a current of carbon dioxide is 
passing through the solution in order to drive off the hydrogen sulphide. 
Evaporate the solution to dryness and remove the excess of sulphuric acid in 
an air })ath. Dissolve the residue in water, and add a few droj)s of hydrogen 


^ Note, zinc and chromates may form iri-solubJe zinc chromate in alkaline solnticins — 
G. Chancel, Compt. rend.y 43, 927, 1856. 

\y. J. Kar.Mlake (Journ. Amer. Chem. S(tc., 31, 251, 1909) says that if hydrogen |)eroxidc 
be added to the alkaline solution and the solution then acidified, the a<ldition of ether is 
unnecessary except when very small traces of chromium are pnisent. W. B. S. Bishop and 
F. P. Dwyer {Journ. Proc.. Australian Chem. Jnst.^ 2, 278, 1935) advocate amyl acetate 
instead of ether. 

® See A. Terni, Oazz. Chim, ItaL, 43, ii, 63, 1913. A. Terreil {/lull, Sor. chim., (2), 3, 
30, 1865; Chem. NewSj li, 136, 1865) precipitates the chromium as lead chromate. This is 
all right if molybdenum, etc., are absent. W. Gibbs {Amer. J. Science, (2), 39, 59, 1865; 
(3), 5, 1 10, 1873; Chem. News, 28, 63, 1873) separates uranium from chromium cpiantitatively 
or qualitatively by boiling the solution with a slight excess of sodium hydroxide and then 
oxidising with bromine. The uranium will be found in the precipitate as sodium uranate, 
the chromium in the filtrate. If a little chromium be present in the precipitate, it can be 
removed by dissolving the precipitate in dilute nitric acid, boiling to exped nitrous fumes, 
and finally precipitating the chromium as mercurous or barium chromate. 

* P. Cazeneuve, Compt. rend., 131, 346, 1900; Hull. Soc. chim., (3), 25, 758, 761, 1901; 
A. Moulin, ib., (3), 31, 295, 1904; A. O. Snoddy, Jmm. Oil and Pat Ind., 2, 20, 1925; H. 
Spurrier, Journ. Amer. Cer. 80 c., 10, 330, 1927; W. W. Scott, Standard Methods of Ckemiml 
Analysis, New York, i, 163, 1927; N. M. Stover, Journ. Amer. Chem. Soc., 50, 2363, 1928; 
G. Sensi and R. Testori, Ann. Chim. appl., 19, 383, 1929; H, Leitmeier and F. Feigl, Tsch. 
Min. Petr. Mitt., 41, 95, 1931. P. N. van Eck (Chem. Weeicb., 12, 6, 1915) says that when a 
trace of a-naphthylamine is added to a solution of potassium dichromate, and the solution 
acidified with tartaric acid, an intense blue coloration is produced. For the detection of 
chromium by benzidine and c-tolidine, see L. M. Kul’berg, MiJcrochem., 20, 244, 1936. 
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peroxide. A characteristic ‘M>rick-red’’ coloration develops if vanadium be 
present.^ The (joloiir is l)l(fiachcd by the addition of an excess of hydrogen 
peroxide, an effect which is said to be inhibited by the addition of oxalic acid 
to the test solution. Jt is also stated that the colour given by molybdenum, if 
present, is entirely bleached by boric acid,^ which docs not affect the vanadium 
colour. In the presence of iron, the addition of 5 per cent, of phosphoric acid 
is recommended and the disturbing influence of titanium, when present, is 
counteracted by hydrofluoric acid.^ Cupferron (ammonium nitrosoj»henyl- 
hydroxylamine) gives a red coloration or j)recipitate with vanadic acid^ and this 
changes to green when the reagent is oxidised. The pr6‘cipitation is not 
quantitative; as a colour test it will indicate one-millionth of a gram of 
vanadium per c.c.^ 


§ 255. The Separation of Chromium, Iron, Titanium, Aluminium, 
Vanadium and Uranium from Manganese, Cobalt, Nickel 
and Zinc. 

('hronnuhi in the Basic Acetate Separation , — In applying the basic acetate 
process, it may be remembered that both chromium acetate and chromium 
hydroxide are easily soluble in acetic acid. It might therefore be supposed 
that some of tlie chromium will be dissolved when the basic precipitation is 
made in the presence of free acetic acid. Some claim that practically all the 
chromiuni can la* precipitated with the iron and aluminium, even in the presence 
of some free acetic acid, because the chromium acetate seems to assume a kind 
of ‘‘passive state” towards acetic acid, particularly when the chromium is in 
very large excess; but it is necessary to make sure the chromium has all been 
2 )recipitated by adding hydrogen peroxide to the filtrate. A blue coloration 
shows that chromium is present in the filtrate.® Some recommend trans- 
forming the chromium salts into chromates before a])plying the basic acetate 
process. Most of the chromium then passes into the filtrate along with some of 
the aluminium as aluminiiitn chromate, but a j)art remains with the precipitate 
in the form of basic chromates of iron and aluminium.’ 


^ C. M. .lohnson {Rapid Methods for iiu; Chemical AnalyfiiH of Special Steels, New York, 
5, 1909) states that ferrous ammonium sulphate will discharge the briek-red coloration of 
vanadium more ([uiekly than the yellowish -orange tint of titanium compounds. Hence, if 
ferrous ammonium sulphate he added to a solution eontaiiiiiig both vanadium and titanium 
in the prewnee^ of hydrogen ^leroxide, the brick-red colour w’ill fade to a bright yellow^ tint 
liefore the colour is discharged: if titanium be absent, the brick-red coloration will fade to a 
colourless solution without showing the yellow tint. Fenton's reagent — page 519 — gives 
better results in detecting titanium in the presence of vanadium. J. A. Pickard {Chern, 
World, 2 , 341, 1913; A. Fdlsner, Chem. Zig,, 53 , 259, 1929) claims that the turbidity given 
by lead acetate solution with a vanadate solution is much more delicate than the hydrogen 
peroxide test. 

® J. Lukas and A. Jilek, Zeit. anal. Chem., 76 , 348, 1929. 

® T. Gedeon, Magyar Chem. FoL, 37 , 89, 1931. 

* V. O. Hodeja, Anal. Fis. Quim,, 12 , 305, 1914; W. A. Turner, Amer. Journ. Sci., (4), 
41 , 339, 1916; 42 , 109, 1916. 

® For the detection of vanadium by strychnine, see A. W. Gregory, Proc. Chem. Soc-., 
25 , 232, 1909; hy dimeihylglyoximc, F. Ephraim, Ilelv. Chim, Acta, 14 , 1266, 1931; by p- 
phenyleneAiamine hydrochloride, D. Katakousinos, Praktika, 4 , 448, 1931; Chem. Zentr., 
(1), 845, 1932; by 5 : 7 ^dihromO’S-hydroxyguinaline, G. Gutzeit and R. Monnier, Helv. Chim, 
Acta, x6, 239, 1933. 

® B. Reinitzer, Monais., 3 , 249, 1882; Chem, News, 48 , 114, 1883; F. Mayer, Ber., 22 , 
2627, 1889. One writer says: “The method of separating ferric and aluminium salts in the 
form of basic acetates entirely loses its applicability in the presence of chromium salts.” 

’ H. Brearley, Chem, Netos, 76 , 175, 1897; 77 , 47. 179, 1898. 
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The error due to the formation of basic ferric chromates is l^t the 
precipitation of the iron from the chromate solution is madewith sodium 
hydroxide in sufficient excess to decompose the basic ferric chromate. If but 
a small amount of iron be })resent, the excess need not be very large.^ Sodium 
carbonate is quite as good provided also a sufficient excess be used. Thus 
Brearley ^ found that in a litre of solution containing 1 grm. of iron, and 0’375 
grm. of potassium chromate, the addition of a varying excess of alkali led to the 
revsults shown on the left of Table LV.; and with solutions containing half a 
gram per litre of aluminium in place of iron and 0*2895 grm. of potassium 
chromate, a varying excess of alkali gave recoveries of chromium from the 
filtrate as shown on the right of the same table. 

Table 1A\ — Effect of an Excess of Alkali on the Separatio7i of Iron, 
Aluminium and Chromium. 
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The results show that sodium carbonate or sodium hydroxide gives good separa- 
tions of iron from chromium if a sufficient excess be used. But when chromium 
is to be separated from aluminium, “one may therefore choose between leaving 
chromic acid in the precipitate or losing aluminium hydroxide in the filtrate** 
since the latter is redissolved by the excess of alkali. 

Consequently, as indicated on page 383, avoid the basic acetate process for 
the separation of chromium from manganese, cobalt, nickel, zinc and ferrous 
salts. Tn many cases the chromium will be precipitated with the aluminium, 
iron and titanium both in the “basic acetate** and in the “ammonia** pro- 
cesses.® It then remains to separate the chromium from the iron, aluminium 
and titanium by some other process, say Knorre’s method, or the mercurous 
nitrate process. If the ammonia precipitation be made by the simultaneous 
additions of bromine and ammonia to the hot solution, Jakob says that a good 
separation of aluminium and chromium can be obtained.^ 

The Barium Carbonate Method. — This method originated with Fuchs and 
Rose ® and it is more satisfactory than the basic acetate process when chromium 

^ Similar remarks apply to the separation of molybdenum by this process — F. Ibbotson 
and H. Brearley, Chem. News, 8 i, 269, 1900; 79 , 3, 1899. 

a H, Brearley, Chem. News, 76 , 175, 1897; 77 , 49, 131, 179, 216, 1898; W. Galbraith, ib., 
77 , 187, 1898. 

® It must be borne in mind that aluminium hydroxide and chromium hydroxide are 
slightly soluble in ammonia, so that the filtrate from the ammonia precipitate must be boiled 
to recover the aluminium and chromium, as indicated on page 535. 

* W. Jak 6 b, Bull. Intemut. Acad. Cracovie, A, 56, 1913. 

* J. N. von Fuchs (Schweigger's Joum., 62, 184, 1831) also used calcium carbonate. 
H. Rose, P(fgg. Ann., 83 , 137, 1851; J. P. W. Herschel, Ann. Chim. Pkya., (3), 49 , 306, 1837; 
G. van. Pelt, Bull. 80c. chim. Belg., 28 , 101, 138, 1914; B. S. Evans, Analyst, 62, 363, 1937. 
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is present. The barium carbonate process depends upon the fact that ferric, 
aluminium, chromium, vanadium, titanium and uranium hydroxides are 
precipitated from cold dilute solutions in a few hours by barium carbonate, 
while manganese, nickel, cobalt, zinc and ferrous salts are not precipitated. 
The barium is subsequently removed from both the precipitate and filtrate. 

Ferric salts, etc., are readily hydrolysed (pages 162 and 381) in aqueous 
solutions: 

FeClg + 3 H 2 O r--. Fe(OH )3 + 3HC1 

In the presence of barium carbonate, the free acid will be removed as fast as 
it is formed: BaCOg + 2 HCl = BaCl 2 + HgO + CO 2 ; equilibrium is disturbed; 
and the hydrolysis is c-om])leted. The net result of the action is represented by 
the equation : 

2FeCl3 + 3 H 2 O -f SBaCOa = 3BaCl2 + 2Fe(OH)3 4 SCOg 

If the solution be heated, the salts of zinc, nickel, etc., may also be hydrolysed, 
and, in consequence, precipitated by the barium car}>onate treatment. If 
much nickel and cobalt be present, small amounts of these elements will be 
precipitated by the barium carl^onate even in the cold. The presence of am- 
monium chloride,^ however - about 5 grms. per 100 c.c. of solution — prevents 
the preciy)itation of nickel and cobalt, and the results are then quite satis- 
factory. The method has also been recommended for separating vanadium 
and chromium horn ferrous iron ^ and manganese. With these elements, the 
separation is effected after a few minutes’ boiling with barium carbonate. 
Mercuric oxide, ^ zinc hydroxide ^ and cadmium carbonate ® have also been 
proposed in place of barium carbonate. The cadmium can be removed by 
subsequent treatment with hydrogen sulphide. The wodus operandi is as 
follows : — 

The slightly acid solution containing nitrates or chlorides of the elements 
indicated above, but free from sulphates,’ is treated in an Erlenmeyer’s flask 
with a solution of sodium carbonate, as in the basic acetate process, until a 
slight permanent turbidity is produced. This is cleared by a drop or two of 
dilute hydrochloric acid. The dilute solution is thoroughly agitated with an 
emulsion of barium carbonate (that is, barium carbonate suspended in water).® 
The flask is closed and allowed to stand several hours, with occasional shaking. 
Decant the clear solution through a filter-paper and wash the residue three 
times with cold water; transfer the preci])itate to the filter-])aj)er by means of 
cold water. 

‘ r. 8 chwarzenbcrg, Liebig" s An»., 97 , 21(5, J8.'>(5, 

* It is almost impossible to prevent the precipitation of a little iron from “ferrous solu- 
tions,” but the error from this effect is so small that C, R. Fresenius {Quantitative Chemical 
Arialyais^ London, i, 434 , 1876) recommended the process in special cases for the separation 
of ferrous iron from ferric iron. 

® A. Stoffan, Ueber die Bestimmung mn klein^n Mengen an Chrom und Vanadin in OeMein 
und Stahlarten, Zurich, 1902. 

* J. J. Berzelius, Ijchrbuch der Chemie, Dresden, 10 , 139, 145, 1826; J. Volhard, Liebig" a 
Ann,, 198 , 331, 1879; C. Zimmermann, ib., 232 , 273, 1886; C. Meineke, Zeit, angew, Chem,, 
X, 262, 1888; E. F. Smith and V. Heyl, Zeit, anorg, Chetn,, 7 , 82, 1894. 

® C. Meineke, Zeit. angew. Chem., x, 252, 1888; P. Slawik, Chem. Ztg., 34 , 648, 1910. 

® J. K. Cain, Bull, Bur. Standarda, 7 , 377, 1911. 

’ The solution must bo quite free from sulphates, otherwise barium will be precipitated, 
e.g. ZnSOt BaCO,:^ZnCOa 4 BaSO*. 

® Baeium Cabbonatk. — T he barium carbonate must be tested by dissolving a portion 
of it in hydrochloric acid and precipitating the barium by the addition of sulphuric acid; 
the filtrate must leave no residue when evaporated to dryness in a platinum dish, showing 
that the barium carbonate is free from alkali carbonates, etc. 



A TREATISE ON CHEMICAL ANALYSIS. 


524 

(a) The pre^Apitate is dissolved in hydrochloric acid, heated to boiling to 

remove the carbon dioxide and the iron, vanadium, chromium, 
aluminium, titanium and uranium are either precipitated by 
ammonium sulphide, or the barium is removed by means of sulphuric 
acid or sodium sulphate. The latter process is not so good as the 
former, because the barium sulphate is liable to carry down some of 
the metals from the solution. 

(b) The filtrate from the barium carbonate is heat(‘d to boiling and treated 

with sulphuric acid or sodium sulphate to preci])itate the barium. 
The precipitate is washed. The filtrate contains manganese, cobalt, 
nickel, zinc and ferrous salts,^ if present. 

The main objection to the cold process^ particularly with chromium— is 
the time required for the ]:)recipitation, and the subsequent removal of barium. 
The i)recipitation can, of course, be allowed to proceed overnight when the 
results are not urgently wanted. As indicated above, in the special case where 
chromium and vanadium have to be separated from manganese and ferrous 
salts, the solution can be heated to boiling and small additions of barium 
carbonate made every two or three minutes until an (‘XC(»ss of about 1 to 
2 grms.2 has been added. After 10 to 15 minutes’ boiling, let the mixture 
stand a few minutes to allow the precipitate to settle, filter and wash the 
residue with hot water. Place the filter-paper and precipitate in a large 
platinum crucible; burn off the filter-paper and fuse the residue with about 
2 grms. of sodium carbonate and 0*25 grin, of sodium nitrite. The fused mass 
is extracted with water; any ferric oxide present remains undissolved, wdiile 
sodium aluminate, chromate and vanadate pass into solution. The solution 
is treated with acetic acid and lead acetate, or with dilute nitric acid and lead 
nitrate, for the precipitation of lead chromate and lead vanadate, as indicated 
below\ 

§ 256. The Separation of Chromium and Vanadium in the 
Analysis of Silicates. 

Decomposition of the Silicate.^ — Fuse 5 grms. of the powdered sample with 
about 20 grms. of sodium carbonate and 3 grms. of sodium nitrite.^ Extract 
with water; reduce the sodium manganate with a few drops of alcohol ; 
nearly neutralise the solution with nitric acid — about 150 c.c. of acid 
(sp. gr. 1-05) will be needed. The solution must not be acid or nitrous acid 
will be liberated, and this, in turn, will reduce some of the chromium and some 
of the vanadium.^ Evaporate the solution to dryness, take up the mass 
with water and filter. Ignite the precipitate; treat the ignited mass with 

^ As a rule, the ferrous iron is oxidised to the ferric state, so that no iron remains in the 
filtrate. 

* Too much barium carbonate makes the subsequent extraction of the chromium difficult. 

* W. F. Hillebrand, Amer, J. Science, (4), 6 , 210, 1898; Chem. News, 78 , 216, 1898. The 
higher oxidation products — chromates — are not precipitated by ammonia. Hence the silicate 
can be decomposed with the sodium peroxide fusion in a nickel crucible and the cake taken 
up with hydrochloric acid. The silica is removed as usual. The alumina is precipitated by 
boiling the solution made alkaline with ammonia and hydrogen peroxide. The precipitate 
is washed with a solution of ammonium nitrate, redissolved and reprecipitated with ammonia 
and hydrogen peroxide as before. The alumina is then practically free from vanadium. The 
vanadium and chromium remain in the filtrate — W. Trautmann, Stahl Eise/n, 30 , 1802, 1910. 

^ E. CJaassen {Amer. Chem. Joum., 8 , 437, 1886) shows that the undecomposed residue 
from some minerals requires re-fusion, since, if much vanadium be present and the vanadium 
is to be determined, the insoluble residue will always contain vanadium. 

^ The amount of acid required to neutralise 20 grms. of sodium carbonate can be deter*' 
mined by a blank test. 
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sulphuric and hydrofluoric acids; evaporate to dryuess; fuse with sodium 
carbonate; take up the mass with water; almost neutralise with nitric acid; 
boil; filter and add the filtrate to the main solution. The object of this 
treatment is to recover chromium whicdi is retained by the preci])itated silica. 

Precipitation of Chromium and Vanadium. — Add an almost neutral solution 
of mercurous nitrate ^ to the cold, barely alkaline solution until no further 
precipitation takes place. A bulky precipitate ^ containing mercurous 
carbonate, chromate and vanadate is obtained.® Boil; filter; w^ash with 
water containing a little mercurous nitrate or ammonium nitrate in solution; 
dry the precipitates and transfer as much as possible to a platinum crucible. 
Burn the filter-paper separately and add the ash to the main precipitate, which 
is ignited to remove the mercury. Fuse the residue with sodium carbonate, 
leach with water and filter the yellow solution of sodium chromate into a small 
flask— 25 -50 c.c. If chromium alone be present and the amount small, it is 
determined colorimetrically ; if the amount be relatively large, it is determined 
volunietrically or gravimetrically. If both chromium and vanadium be present, 
they can be determined as described below, § 257 and § 262 ; or § 263. 

KnorrcH Procesn^ for Separating Chromium. — Dissolve the ‘‘ammonia” 
precipitate in dilute sulphuric acid and add an excess of ammonium per- 
sulphate, with sufficient sulphuric acid to prevent the precipitation of basic 
ferric sul[)hate. On boiling, the dilute solution is converted into chromic acid. 
The iron and aluminium are then ]>recipitated by ammonia in the usual 
manner. The j)reci})itate is dissolved in dilute sul])huric acid and the operation 
is repeated so as to eliminate the trace of chromium precipitated with the 
aluminium ami iron.^ The chromium is determined in the joint hltrate in the 

^ I^age 442. FortJie pr(‘ci|)itution of vanadium as mercury vanadate, see C. H. von Hauer, 
Jonrn, praki. Chem.y (J), 69 , 385, JSod; C. Raramelsberg, i, 158, 1868; E. Claassen, 
Amrr. Chew. J(turti.t 7 , 349, i885; C. Radau, Livbiiffi Atm.y 251 , 1 14, 1889; R. Holverscheit, 
(U’h(^r die f/uanfitative Bestimmuiig de.*t VanadinM und die Trennutuj der i’anadinsdure von 
Phosphorndurey Berlin, 10, 1890; S. ('inlKTg, Journ. lims. Met. Soc.y 173, 1926; A. Jilek 
and J. Lukas, ('hem. Lisfyy 24 , 73, 1930. For the precipitation as silver orthovanadat/C, 
see L. Moser and (). Brandi, Monaia.y 51 , 169, 1929; as manganese vanadate, K. Swoboda 
and R. Horny, Zeil. anal. Chem.. 80 , 271, 1930; M. E. Pozzi-Eseot, Cornpt. rend.y 149 , 1131, 
1909; A. C-ariiot, ih.y 104 , 1803, 1850, 1887; E. Cremer and B. Fetkeiiheuer, ir/,s.s. Veroff. 
Biemen^-Konz.y 5 , 199, 1927. It was formerly the custom to add a slight excess of mercurous 
nitrate and then mercuric oxide to neutralise the excess of nitric acid which is present in 
the solution of mercurous nitrate; but W. F. Hillebrand (/.r.) has showui that the mercuric 
oxide is not necessary, since the ba.sic mercurous carbonate is sufficient to remove the small 
quantity of free nitric acid introduced along with the mercurous nitrate. Chlorides should 
be absent, or vanadium may be lost during the subsequent ignition of the precipitate. 
E. B. Auerbach and K. Lange, Ze.it. awjcw. Chem.y 25 , 2522, 1912, 

* If the precipitate is inconveniently large, cautiously add a little nitric acid and then 
a drop of mercurous nitrate to make sure that precipitation is complete. 

* Tungsten, molybdenum, phosphorus and arsenic, if present, will be precipitated. 

G. von Knorre, Zeit. angew. Chem.y 16 , 1097, 1903; G. van Pelt, Balt. St)C. chim. Beig.y 
28 , 101, 138, 1914; J. J. Lichtin, Jfui. Eng. Chem. Anal. Ed.y 2 , 126, 1930. Cf. F. C. T. 
Daniels, Joum. Ind. Eng. Chem.y 6 , 658, 1914; M. Herschkowitch, Zeit. anal. Chem.y 59 , 
11, 1920. F. Bourion and A. I)<\shayeH {Compt. rend.y 156 , 1769, 1913; 157 , 287, 1913) 
treat the mixture of iron, aluminium and chromium oxides with a slow current of chlorine 
gas, mixed with the vapour of sulphur dichloride, starting at about 200 ’ and gradually pass- 
ing to 660‘\ If over 30 per cent, of chromium be present, an equal volume of powdered 
ammonium sulphate is added to the mixed oxides. Of the volatile chlorides, the anhydrous 
chromic chloride is alone insoluble in w’ater. 

^ R. B. Riggs {Amer. J. Science, (3), 48 , 409, 1894; Chem. News, 70 , 311, 1894; W. J. 
Sell, ib.y 54 , 299, 1886; Journ. Chem. Soc., 35 , 292, 1879) digests the precipitate in 100 c.c. 
of water, 10 c.c. of hydrogen peroxide, and 1 grm. of sodium or potassium hydroxide. When 
effervescence has ceased, separate the ferric hydroxide by filtration. The filtrate contains 
aluminium and chromium (as chromate). Acidify with acetic acid, precipitate the aluminium 
with ammonia; and the chromium is determined in the filtrate either by the volumetric or 
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usual manner by volumetric or gravimetric processes — §§ 259, 260 and 261, 
pages 530 to 534; and the precipitate, containing the aluminium, titanhim 
and iron, is treated as indicated on page 198. 

§ 257. The Colorimetric Determination of Chromium. 

A solution of an alkali chromate is yellow. The intensity of the colour 
is proportional to the amount of chromate in solution.^ If a solution (standard 
solution) containing a known amount of chromate has the same tint as another 
solution of equal depth of liquid (test solution), it is assumed that both solutions 
have (he same amount of the alkali chromate in solution. 

Standard Solution of Potaasium Chromate. — This is prepared by dissolving 
0*5110 grm. of potassium chromate in a litre of water made alkaline with 
sodium carbonate. One cubic centimetre of this solution represents 0*0002 grm. 
of Cr 203 . Dilute, say, 10 c.c. of this solution to 100 c.c. and then pipette, say, 
10 c.c. of this diluted solution into the right test glass of the colorimeter. 

Test Solution. — This is pre})ared by concentrating the alkaline solution under 
investigation and making it up to a definite volume — 25, 50 or 100 c.c.- - such 
that its colour is weaker than the standard solution. Pour this solution 
into the left test glass of the colorimeter. 

Comparison. — Dilute the standard solution with water from a burette until 
its tint is the same as the test solution. Jf the tint of the test solution be faint, 
Nessler’s tubes may be used as in the determination of ammonia, where the 
solution is examined through a vertical column instead of horizontally. 

Example. — 10 c.c. of the diluted standard chromates solution (containing 0 000()2 
grm. of 0 r 203 ptT c.c.) needed 48 c.c. of water to dilute its tint to that of 250 c.c. of 
the test solution obtained from 1 grm. of clay. Hence 58 c.c. of test solution (tontains 
0 0002 grm. of Cr 203 , and thus 250 c.c. (1 grm. of clay) has (250 x 0 0002)/58 -0 0(K)86 
grm. of CrgOa, that is, the sample has the equivalent of 04)86 per cent, of chromic oxide. 
The amount of chromic oxide can be deducted from the ammonia precipitate. 

According to Horn,^ the test is most sensitive when about 0*01 grm. to 
0*02 grm. of chromium sesquioxide is present per litre of solution. Hide brand 
and Lundell say that the method is reliable between concentrations of. 0*01 
and 0*1 grm. of chromium sesquioxide per litre and that less than 2 mgrms. 
of chromium sesquioxide in one gram of rock can be exactly determined. 
Dittrich asserts that the method is not sensitive when the amount of chromium 
falls below 2 mgrms.^ The smallest amount of chromium which can be 

gravimetric proc^ess. J. Clarke {Journ. Chem. Soc., 63 , 1082, 1893) added sodium peroxide 
until the solution was alkaline, instead of using hydrogen i)eroxide and sodium hydroxide — 
T. Poleck, Chem. News, 69 , 285, 1894; O. Kassner, Arrhiv Pharm., 232 , 226, 1895; M. E. 
Pozzi-Escot, Bull. 80c. chirn.., (4), 5 , 558, 1909. 

* L. L. de Koninck, Pharrn. Ztg., 78 , 594, 1889; F. W. Richardson, W. Mann and W. 
Hanson, Jemrn. Sac. Chem. lyid., 22 , 614, 1903; W. F. Hillebrand, Bull. U.S. Geol. Sur., 167 , 
37, 1900; Journ. Amer. Chem. Sac., 20 , 454, 1898; Chem. News, 78 , 227, 239, 1898; F. L. 
Langmuir, Ueber die quantitative Bestimmung des Chroms auf gewichtsanalytischen und 
kolarimetrischen Wege, Freiburg i. Br., 1906; M. Dittrich, Zeit. nnorg. Chem., 80 , 171, 1913; 
0. Hackl, Chem. Ztg., 44 , 63, 1920; B. 8. Evans, Analyst, 46 , 38, 1921 ; W. W. Scott, Standard 
Methods of Chemical Analysis, New York, i, 162, 1368 f., 1927; E. Fogel’son, Zavadskaya 
Lab., 2 , 33, 1933. 

* D. W. Horn, Amer. Chem. Journ., 35 , 253, 1906; W. F. Hillebrand and G. E. F. Lundell 
Applied Inorganic Analysis, New York, 413, 761, 1929; M. Dittrich, Zeit. anorg. Chem., 
80 , 171, 1913. 

* For a colorimetric method based upon the colour produced by mixing diphenylcarbazide 
and chromic acid, see P. Cazeneuve, Zeit. angew. Chem., 13 , 958, 1900; Bull. 80 c. chim., 
(3), 25 , 758, 1901; A. Moulin, ib., (3), 31 , 295, 1904; Chem. News, 89 , 268, 1904; A. O. 
Snoddy, JLourn. Oil and Fat Ind., z, 20, 1926; W. W. fiksott, SUmdard Methods of Chemical 
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detected in distilled water is 0*000013 grm. per 100 c.c., but if the solution 
contains much less than about 0-004 grm. of chromic oxide, OrgOg, per 100 c.c. 
the comparison is not satisfactory, and a greater quantity of the original 
sample must be taken. 

Errors . — The following numbers represent the results which can be obtained 
with known mixtures: 


CigOg used . 

8-88 

8-88 

8-88 

8-88 

11-67 

6-34 mgrms, 

CrgOg found 

8-45 

9-01 

8-91 

9-29 

11 -64 

6-27 mgrms, 

Error 

. -0-43 

+ 0-13 

+ 003 

+ 0*41 

- 0-13 

-0*07 mgrm. 


If vanadium be present, the solution can be reserved for the determination 
of vanadium by the volumetric process; if manganese be present, see page 408. 


§ 258. The Analysis of Chromites and Chromic Oxides. 

In the analysis of chromite (chrome iron ore), and also of the ignited chromic 
oxides used as colouring agents, we have a special difficulty arising from the 
insolubility, or rather the extremely slow rate of solution, of the materials in 
acids. We therefore depend upon a preliminary fusion of the material with a 
suitable flux. Here again the action of the flux is often so slow that it is 
important to grind the materials under investigation to a very fine powder and 
heat the mixture for a comparatively long time. There is a wide choice in the 
selection of the flux.^ Sodium peroxide is now in almost general use. Here 


Anahjfiifi, New York, i, 103, 1927; \V. J. Agnew, Armlyni, 56 , 24, 1931; Y. 1). Gordenberg, 
Zavodakaya Lab., 3 , 500, 1934; D. Brard, Ann. Chim. anal. Chim. appL, 17 , 201 , 1935; E. B. 
Sandoll, Ind. Eng. Ohem. Anal. Ed., 8 , 336, 1936. F. Garratt (Journ. Iml. Eng. Chern., 5 , 
298, 1913; F. W. Hall, Chemist -Analyst, 25 , 63, 1936) recommends the use of sodium 
1 : 8>dihydroxynaphthalcne-3 : 6 -disulphoiiate. 

^ Fluxjcs i<'ou OcENiMG Chkomitk, — Numerous fluxes have been used for the (.‘hromite 
fusion (S. llideal and S. Rosoblum, Chem. News, 73 , 1 , 1896; J. A. Muller, Bull. Sue. chim., (4), 
5 , 1133, 1909). For example; sodicm hydroxide alone (H. N. Morse and VV. 0. Day, 
Amer. Chem. Journ., 3 , 163, 1881; Chv^n. News, 44 , 43, 1881; L. Duparc and A. Leuba, 
Ann. Chim. anal., 9 , 201, 1904). J*otassiitm hydroxide and chlorate (H. Schwarz, Liebig's 
Ann., 69 , 212, 1849; Ze.it. anal. Chem., 22 , 83, 530, 1883; H. Pellet, Berg. Hiitt. Ztg., 40 , 
224, 1881). Magnesia or lime with caitstic soda (J. Clark, Journ. Soc. Chem. Ind., ii, 
501, 1892; Chem. News, 24 , 286, 304, 1871; A. Christomanos, Ber., 10 , 16, 364, 1877; Ze.it. 
anal. Chem., 17 , 244, 1878; P. Veksin, Berg. Journ., 4 , 437, 1908; J. Clouet, Dingler's Journ., 
193 , 33, 1869; Zeit. anal. Chem., 17 , 244, 1878; W. Herwig, t^tahl Eisen, 36 , 646, 1916). 
Clark's flux is 1 part of the sample with 8 parts of a mixture of 5 parts of sodium hydroxide 
and 3 of calcined magnesia — heat in a Bunsen flame in a platinum crucible for about 40 
minutes; with calcium chi.oride (J. Massignon, Journ. Anal. App. Chem., 5 , 465, 1891; 
J. Massignon and E. Watel, Bull. Soc. chim., (3), 5 , 371, 1891); with sodium carbonate 
(R. Kayser, Zeit. anal. Chem., 15 , 187, 1876); with a mixture of sodium and potassium 
CARBONATES (J. E. Stead, Journ. I. S. 43 , 160, 1893). Stead’s mixture is sometimes 

called the tribasic flux — 4 parts lime, 1 sodium carbonate, J potassium carbonate. It re- 
sembles Kayser' s flux — 2 parts of sodium carbonate, and 3 parts of lime; with borax 
(R. Fieber, Chem. Ztg., 24 , 333, 1900; R. W, E. Maclvor, Chem. News, 82 , 97, 1900). Soda 
LIME AND SODIUM NITRATE (F. Calvert, Dingier' 8 Journ., 125 , 466, 1852; J. Fels, ib., 224 , 
86 , 1877); and potassium chlorate (C. Reinhardt, Chem. Ztg., 13 , 430, 1889; J. B. 
Britton, Chem. News, 21 , 266, 1870; Zeit. anal. Chem., 9 , 487, 1870; J. Fels, ih., 18 , 498, 
1879); AND borax glass (L. Perl and V. Stefko, Stahl Eisen, 24 , 1373, 1904). Sodium 
PEROXIDE (W. Hempel, Zeit. anorg. Chem., 3 , 193, 1893; H. K. Tompkins, Chem. News, 68 , 
136, 1893; J. Clark, Journ, Chem. Soc.., 63 , 1079, 1893; E. H. Saniter, Journ. I. S. Inst., 
48 . 153, 1895; Journ, Soc. Chem. Ind., 15 , 156, 1896; S. Rideal and S. Roseblum, ih., 14 , 
1017, 1895; C. Glaser, Journ. Amer. Chem. Soc., 20 , 130, 1898; Che7n. News, 77 , 123, 1898; 
G. Tate, ib., 80 , 236, 1899; T. Poleck, Ber., 27 , 1061, 1894; 0. Kassner, Arch. Pharm., 232 , 
226, 1894; A. F. MacFarland, Met. Chem. Eng., 15 , 279, 1916; P. Koch, Chem. Ztg., 41, 
64, 1917; Chem. Zenit., ( 1 ), 532, 817, 1917; StaM Eisen, 36 , 1093, 1916; 37 , 266, 1917; 
W. Herwig, ib., 36 , 646, 1916; A. J. Field, Ind. Eng. Chem., 8 , 238, 1916; E. Little and 
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the action is quick, and the extreme care in grinding is not so very important 
as with less active fluxes. The fusion with sodium peroxide, or with a mixture 
of potassium hydroxide and sodium peroxide, can be made in a nickel, iron,’ 
copper or silver crucible. Platinum crucibles should not be used with caustic 


J. Costa, ib.f 13, 228, 1921; T. R. Cunningham and T. K. McxNeill, AnaL Ed., i, 70, 
]929; J. Moir, Jonrn. E. AfHctm Anal, CheiniMs^ 2, (I), 9, 1919; A. Franke and 

R. Dworzak, Zeit, angew. Chem., 39, 642, 1926; M. Herthet, Ohim, at Ind., Spt^cial No., 
133, 1928; 1. Majdel, Arhiv. hem. Farm., 4, 8, 1930; D. Millin, E. African Journ. Science, 31, 
177, 1934; F. H. Norton, Refractories, New York, 510, 1931; 11. Fresenius and H. Rayorlein, 
Zeit. anal. Chern., 37, 31, 1898; E. Dittler, Tsch. Min. Petr. Mili., 40, 189, 1929 — using 
silver crucible); with sodium carbonate (L. Luechesc*, Atm. Chim. anal. Chim. app., 9, 
450, 1908; M. Hohnel, Archiv Pharm., 232, 222, 1886; C. Glaser, Chem. Ztg., 18, 1448, 
1894; M. Rerthet, Monit. Produit Chim., 18, 3, 1936; Ceram. Ab^i., 16, 45, i937); with 
SODIUM NITRATE AND SODIUM CARBONATE (J. A. Mullcr, Hull. Sor. chim., (4), 5, 1133, 1909). 
OR SODIUM HYDROXIDE (J. Spullcr and S. Kalman, Chem. ZUj., 17, 880, 1207, 1412, 1893; 

S. K. Scholea, Gln.<nt Ind., ii, 137, 1930; VV\ l)ederi<4is, Pharm. Ztg., 58, 44f), 1913). H)TAS- 
SIUM PEROXIDE AND SODIUM (^^RiioNATE (J. A. Mullcr, Hull. Soc. chim., (4), 5, 1133, 1909). 
Barium peroxide (E. Uonath, Dingier s Jouru., 263, 245, 1887); with sodium carbonate 
(L. P. Kennicut and G. W. Patterson, Journ. Anal. Chem., 3, 131, 1889). Potassium car- 
bonate WITH SODIUM HYDROXIDE ((’. Hauscrmanii, Chem. Ztg., 15, 1601, 1891); with 
SODIUM CARBONATE AND BORAX (W. Dittmar, Exercincs in Quantitative Anali/sis, Glasgow, 
128, 1887; Dingier' a Journ., 221, 450, 1878; P. llarf, Journ. prakt. ('hem., (1), 67, 320, 
1856; E. Waller and H. T. V'ultt‘, Chem. Xeus, 66, 17, 1892; O. Nydeggcr, Zeit. angew. 
Chem., 24, 1163, 1911; T. R. Cunningham and T. R. McNeill, Ind. Eng. (Jhem. Anal. Ed., 
I, 70, 1929). Sodium (’arbonate and potassh'M chlorate (R. Fresenius and E. Hintz, 
Zeit. anal. Chem., 29, 29, 1890). Ammonium nitrate and caustk’ soda {C. A. Burghardt, 
Chem. News, 6i, 260, 1890). 1*otassium bisulphatk (E. (.’lark, Journ. Amer. ('hem. Soc., 
17 , 327, 1895; H. Tamm, Chem. Xew.% 24, 307, 1871; C. L. Oudesluys, //>., 5, 255, 1862; 
C. O’Neill, if)., 5, 199, 1862; F. A. Genth, ib., 6, 30, 1862; Zeit. anal, ('hem., l, 498, 1862; 
W. Gibbs, ib., 3, 328, 1864; R. Naniais, Stahl Eisen, 10, 977, 1890; T. S. Hunt, (^ O Ncill 
and F. A. Genth, Amer. J . Science., (3), 5, 418, 1873), 1 part sample with 15 parts of potassium 
bisulphate; W’ith sodium fluoride or cryolite (H. Hagm-, C ntersuchiingen, Leipzig, i, 
263, 1888; P. C. Dubois, 7je.it. anal. (Jtem., 3, 401, 1864; S. Kern, Chfon. Xews, 35, 107, 
1877; F. W. Clarke, ib., 17, 232, 1868; Amer. J. Science, (2), 45, 173, 1868); and sodium 
nitrate (H. Rose, Ausfuhrlirhcs Ilandbueh der analylischcn Chemie, Braunschweig, 2, 370, 
1851). Potassium hydroxide and the electric current (E. F. Smith, Her., 24, 2182, 
1891). Hydrochloric acid under pressure (P. Jannasch and H. N’ogthcrr, Her., 24, 3206, 
1891). Heatino in current of chlorine, etc. (R. FreseniuH and E. Hintz, Zeit. anal, ('hern., 
29, 28, 1890). Heating with bromine water in sealed tubes some days (E. F. Smith, 
Amer. J. Science, (3), 15, 198, 1877); W'ITH sulphuric acid (A. Mitscherlich, Journ. prakt. 
Chem., (1), 81, 108, 1860; (1), 83, 455, 1861; Zeit. anal, ('hem., 1 , 54, 1862; F. C. I'hilips, 
ib., 12, 189, 1873; J. Jones, (^hem. Xew.s, 65, 8, 1892). Treatment with a mixture of 
potassium chlorate and nitric or sulphuric acid. This is not particularly suited for 
chromites, but it is satisfactory for some chromic oxides (F, H. Storcr, iVor. Amer. Acad., 
4 , 352, 1869; Chem.. News, 21, 195, 1870; C. Brunner, ib., 4 , 57, 1861 ; A. H. IVarson, Amer. 
Journ. Sci., (2), 48, 190, 1869; H. Baubigny, Bull. Soc, chim., (2), 12, 291, 1884; B. Pawolleck, 
Bar., 16, 3008, 1883; T. R. Cunningham and T. R. McNeill, Jnd. Eng. ('hem. Anal. Ed., i, 
70, 1929; P. I. Dolinskif, Zavadskaya Lab., 6, 225, 1937). 

^ H. N. Morse and W. C. Day, Amer. Chem. Journ., 3, 163, 1881. 

* All these crucibles are attacked. Porcelain may last from two to four times bejore it is 
cut through by the flux. Silver crucibles lose about half a gram per fusion. There is a 
danger in the use of silver crucibles from the fact that the crucible can bo meJted if heated 
at too high a temperature on the Bunsen flame. Silver, copper and lead may lie found in 
the fusion after using a silver crucible — W. Dittmar, Chem. Ztg., 15, 1521, 1580, 1891. 
W. Bettel {Chem. News, 43, 94, 1881) recommended a platinum crucible gilded inside for 
fusions with alkalies. See also J. L. Smith, Chem. News, 31, 55, 1875. A. J, Field {Journ. 
Ind. Eng. Chem., 8, 238, 1916) uses a platinum crucible, placed inside a larger porcelain 
crucible heated by a small flame. Gold crucibles would lx; cheajier, in view of the 
higher price of platinum. Nickel crucibles are generally used. They lose about 0*1 grm. 
per fusion under the conditions described in the text. A crucible is said to last 15-25 
fusions after a little practice in its use — but this estimate is rather high. Gold is not 
attacked chemically by fused potassium hydroxide, but nickel forms nickel hydroxide — M. le 
Blanc and O, Weyl, Ber., 45 , 2300, 1912. See W. Dittmar and D. Prentice (Journ. Soc. 
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alkalies. If iron and chromium are alone to be determined, a porcelain 
crucible may be used. The j)rocedure (nickel crucible) is as follows: — 

Sodiuitt Peroxide Fh-sIoh, - the substance to a fine imjjalpable 

powder in an agate mortar, and, by means of a platinum or nickel spatula, 
intimately mix 0-5 grm. of the dry (1 10*^) powder with about 4 to 5 grins, of 
sodium peroxide ^ in, say, a pyre nickel crucible of not less than 50 c.c. capacity, 
and fitted as described on page 265. Heat the crucible gently over the tip of 
a Bunsen flame until th(‘ contents of the crucible are fluid — this takes about 

10 minutes. Rais(‘ the temperature to low redness say another 10 minutes. 

(h)ol. Blace the crucible in a beaker (400 c.c.), cover the crucible with a 
clock-glass, and gradually add about 50 c.c. of cold water in such a way that 
the first addition of water flows slowly between the clock-glass and the crucible. 
The mixture bubbles up and dissolves in a few minutes.*^ Remove the crucible 
and rins(^ it carefully with water. Boil the solution about 10 minutes to de- 
compose the sodium ])eroxide.^ The oxides of iron, manganese, cobalt and 
nickel (mainly from the crucible) remain as insoluV>le residue. The chromium, 
aluminium and most of the silica, with a little magnesia and lime, pass into 
solution. 

S(‘t tlu'. beaker aside for a few minutes until the insoluble residue has 
thorouglily sefthnl. Filter as much as possible of the supernatant liquid 
through a filter-paper,^ then transfer the residue from the beaker to the 
filter-pap(‘r and repeaO'dly wash both the residue and paper with small 
(piantities of hot, (listilled water until the washings are colourless, (’ool to 
room temperature and make the filtrate and washings up to 250 c.c. (or, if 
necessary, to 5(M) c.(\) in a graduated flask; finally shake well.^ 


Chem. ///r/., I 2 , 248, 189.‘i) for the action of fused alkali liydro.\idc.s on gold and silvc,r cTUcibles. 
Gold is scarcely attacked liy a 10 minutes’ fusion; silv^er is very littk^ atta<5kcd by soda, 
rather more so by potash. Some use copper crucibles. The eontamination from copper 
crucibles is sai<l to give least trouble in many complex analyses. H. N. .Morse and W. 0. 
Day {Aiiivr. (hem. Jouru., 3, lO,*}, 1881) rtM'ommended an iron crucible, provided iron has 
not to he determined. L. Dudley, Antr.r. Chem. Journ.^ 28, 59, 1902; Noaillon, HulL 

Snr. ehim. 28, 212, 1914; T. K. (’unningham and T. H. MeNtJill, Ind. Eng. Chem. AtmL 

Eii,^ I, 70, 1929; J. Moir, Jount. S. African Assen:. Anal, (.hemifits^ 2, (1), 9, 1919. 

^ K€‘ject the erust, if any, forrae<l at the top of the peroxide bottle. This is mainly 
carbonate and oxide. L. Archbutt {A}ialyst^ 20, 3, 1895) reports a sample of sodium peroxide 
with 0-5 per cent, of alumina and ferric oxide, 

* Sometimes it requires warming. If any of the residue be insoluble in dilut/<‘ sulphuric 

acid (1:4), this means that some of t he substance has not been de(!omposed. In that case 
the portion not dissolved must be re-fused with the flux. If nitric acid be used to take up 
the cake, some chromate may be reduced by the acid. A. Leuba, Chim. anal, app., 

9, 303, 1908. Note tht* formation of volatile chromyl chloride when sulphuric acid is heated 
with a chloride and a ehronuvte. 

* To ensure the decomposition of the peroxide, some here*, recrommend an evaporation to 
dryness. IVroxides must be absent in order to prevent reducing the chromates to chromic 
oxide — CrgOa — w'hen the solution is acidified. If the solution is purple-coloured, add a gram 
of sodium peroxide, and boil another 10 minutes. 

It is advisable to use a good grade, gravimetric paper (see page 78). A Whatman No. 54 
hartlencd papt'.r serves the purpose excellently, but see page 531. 

® J. Moir {Joum, S, African Andoc. Anal. (hemistSf 2, (1), 9, 1919) says that the usual 
methods of fusion lead to errors, generally negative, which may amount to 10 per cent, of 
the chromium present, and recommends the following procedure. After fusion and extrac- 
tion, add enough 20 per cent, sulphuric acid to effect solution. Then add 2 grms. of potassium 
persulphate or 3 to 5 grms. of the ammonium salt, warm rapidly to 80'\ then gently to boiling. 
Remove the excess of persulphate by diluting the liquid with about 25 per cent, of its bulk 
of 20 per cent, sulphuric acid and boiling for 30 minutes. Cool and diluf/C to a definite volume. 


34 
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§ 259. The Volumetric Determination of Chromium. 

Determine the chromium in an aliquot portion of the above solution as 
follows.^ Pipette out 25 c.c. of the chromate solution, add about 25 c.c. of 
25 per c'ent. sulphuric acid and into the mixture pipette 25 c.c. of approximately 
0*lN-ferrous ammonium sulphate solution. ^ Titrate the solution with O-IN- 
potassium permanganate solution^ until a faint pink colour appears. Now 
pipette out 25 c.c. of the ferrous ammonium sulphate solution, add about 25 c.c. 
of 25 per cent, sulphuric acid and titrate with the standard permanganate 
solution. 

It is advisable to carry out both sets of titrations in triplicate and use the 
average of the readings in each series in the subsequent calculation. Assuming 
that the permanganate solution is exactly decinormal, the percentage of 
chromium sesquioxide is given by 15*2 v/3 where v is the difference between the 
burette readings in the two titrations; hence a variation of ±0-1 c.c. in v 
means a difference of 0*5 in the reported percentage of chromium sesquioxide 
in the sample.^ 

The respective reactions involved in the process are represented by: — 

(i) Cr203 + 3Na202==2NaoCr04 + Na20 

(ii) 2Na2Cr04 + H2SO4 = Na2Cr207 + Na2S04 + HgO 

(iii) Na2Cr20, + 6FeS04 + 7H2SO4 - Na2S04 + Cr2(S04)3 + 3Fe2(S04)3 + THgO 

We have now^ sufficient data to calculate the amount of chromium as chromic 
acid in the aliquot portion taken from the standard flask. Every gram of 
ferrous ammonium sulphate oxidised represents ()-()6461 grm. of chromium 
sesquioxide — CrgOs; or (>()8501 grm. of chromium trioxide- CrOg.^ 


^ H. Schwarz, Zeit. anal. Chem., 22 , 530, 1883; H. Jlollenbach, Chem. Ztg., 31 , 760, 1907; 
H. Vignal, Bull. Soc. chim., ( 2 ), 45 , 171, 1886; Chem. Neu\% 53 , 195, 1886; T. W. Hogg, 
Joum. Soc. Chem. Ind., lo, 340, 1891 ; 11. L. Chem. NewHy 77 , 156, 1898; W. (lalbraith, 

1877; 77 , 187, 1898; A. Kurtenackcr, Zeit. anal. Chem., 52 , 401, 1913; F. Bourion 
and A. Senechal, Compi. rend., 157 , 1528, 1913; G. GiorgoH, (hizz. Chim. Ital.y 23 , (1), 277, 
1893; C. van Brunt, Jourri. Amer. Chem. Soc., 36 , 1426, 1914; G. L. Kelley and J. H. Connant, 
ib., 38 , 716, 1916; F. C. T. Daniels, Journ. Ind. Eng. Chem., 6 , 658, 1914; T. H. Cunningham 
and T. R. McNeill, ib.. Anal. Ed., 1 , 70, 1929; W. Herwig, Stahl Eise.n, 36 , 646, 1916; G. 
Schumacker, ib., 36 , 1093, 1916; P. Koch, ib., 36 , 1093, 1916; 37 , 266, 1917; Chem. Ztg., 
41 , 64, 1917; J. C. Beneker, Chemist-Analyst, 19 , 22, 1916; J. Moir, Journ. S. African Assoc. 
Anal. Chemists, 2 , (1), 9, 1919; A. Franke and R. Dworzak, Zeit. anyew. Chem., 39 , 642, 
1926; E. Dittler, ib., 39 , 279, 1926; W. Hild, Chem. Ztg., 46 , 702, 1922; 55 , 895, 1931; 
A. and H. Eder, ib., 46 , 1085, 1922; H. Mendc, ib., 53 , 178, 1929; W. Briiggemann, ib., 53 , 
927, 947, 1929; H. H. Willard and P. Young, Ind. Eng. Chem. Anal. Ed., 6 , 48, 1934; A. Kop- 
man, Zavadskaya Lab., 3 , 464, 1934. 

* Febbous Ammonium Sulchate Solution. — Weigh out about 10 grms. of the finely 
powdered salt, FeS 04 .(NH 4 ) 2 S 04 . 6 Ha 0 , and dissolve in 150 c.c. of cold, distilled water, 
containing 10 c.c. of concentrated sulphuric acid. Dilute to 250 c.c. 

* The titre of the permanganate solution should be checked against 0‘lN-dichromate. 

* Valuation op Chbome Ibon Obes. — Chrome iron ores are valued on their CrjOa con- 
tents. The market value fluctuates. The standard for high-grade, hand-picked, cobbed ores is 
50 per cent. Cr^Oa, with a premium of, say, 28. per unit per ton over 50 per cent., and a deduc- 
tion of, say, 2s. per unit below 48 per cent. CrgOg. t^econd-grade ores are referred to a 45 
per cent, standard, with a premium of, say, 2 s. per unit up to 48 per cent. CrjOj. Ores carrying 
between 40 and 45 per cent. CrjOg inclusive are third-grade ores. The standard is 40 per 
cent. CrjOg, and a premium or deduction is allowed for every unit above or below this standard. 
The so-called “concentrates’* are divided into first and second grades; the former are referred 
to the 50 per cent, standard and the latter to the 45 per cent, standard, with premiums and 
deductions as before. Much crude ore is sold for furnace linings for steel furnaces. A 
maximum of 5 per cent, silica was formerly allowed, but ores with 8 per cent, of silica now 
find a market in the chromite brick industry. 

^ This process can also be used for evaluating alkali chromates and dichromates. 
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Error due to the Filtration of Chromate Solutions through FiUer-Pajger,^ — If 
chromate solutions be filtered through paper, low results may be obtained 
owing to a partial reduction of the chromate. This error can be avoided by 
filtering the solution through asbestos, or by oxidising the solution after 
filtration. The effect is produced by both acid and alkaline solutions; it is 
more marked with hot than with cold solutions; and also more marked with 
the lower-grade papers. For instance, 200 c.c. of a solution containing the 
equivalent of 25 c.c. of potassium dichromate (1 c.c. =0*01 grm. Fe) were 
digested for half an hour with a 12*5 cm. filter-pa 2 )er. In one case 50 c.c. of 
N-NaOH were added to the solution and in another case 50 c.c. of N-H 2 SO 4 . 
The results arc shown in Table LVI. 


Table L VI. — Effect of Filter-Payer on Chromate Solutions. 



Ash of filter- 

C 

.e. of K^CrgO- in liltrate. 

i 

Filter-paper. 

paper. 

Hot (1(K) ). 

Cold. 

1 

1 Orm.s. 

Aeid. 

Alkaline. 

Aeid. 

j 

Alkaline. 1 

Munkteirs Swedish . 

0*(MM),5 

24-6 

24-9 


1 

Sehleieher and Schulls' 589 

(>•0003 

23-8 

24-2 

25-0 

2'>-<) ! 

Ordinary English 

0-0028 

23-6 

24-6 ! 

250 

25-0 

French grey . . . 1 

00139 

22-5 

. 24-0 1 

240 

24*7 


The error with the ordinary filtration of chromate solutions may be equivalent 
to just over 0*1 per cent, of chromium. 

The residue on the filter-paper can be dissolved in dilute sulphuric acid ( 1 : 4) ^ 
and the iron determined by titration (i:)age 180). The result is usually cal- 
culated to FeO. If a complete analysis is needed, another peroxide fusion 
is made and dissolved in dilute hydrochloric acid. The silica is removed in 
the usual way and, after reduction of the chromate (see § 261), a double 
precipitation is made of the mixed oxides of chromium, iron and aluminium 
in an aliquot portion of the filtrate from the silica. Manganese, if present, 
will be in the filtrates from the ammonia precijutations. The amount of 
alumina is obtained by difference from the weight of the mixed oxides of 
chromium, iron and alumina. Another aliquot portion of the filtrate is used 
for the determination of sulphur. Lime, magnesia and manganese can be 
determined by the methods of pages 202, 208 and 397.® 

An alternative volumetric procedure ^ is to take an aliquot portion of the 


^ H. Jervis, Chem. News, 77 , 133, 1898; A. Allison, » 6 ., 96 , 1, 1907; R. S. McBride and 
J. A. Scherrer, Journ. Amer. Chem. 80 c,., 39 , 928, 1917. Compare K. W. Curtis and J. Finkel- 
stein, Jfid. Eng. Chem. Anal. Ed., 5 , 318, 1933. 

* If any remain undissolved, the original fusion was not complete. 

* For the complete analysis of chromites, see M. Berthet, Chim. ei Itid.y Special No., 133, 
1928; I. Majdel, Arhiv. hem. Farm., 4 , 8 , 1930. 

^ K. Zulkowski, Journ. prakt. Chem., (1), 103 , 351, 1868; E. Walter, Journ. Soc. Chem. 
Ind., 15 , 436, 1896; J. Sptiller and A. Brenner, Chem. Ztg., 21 , 3, 1897; J. A. Muller, Bull. 
Soc. chim., (4), 3 , 1133, 1908; (4), 5 , 1133, 1909; A. J. Field, Journ. Ind. Eng. Chem., 8 , 
238, 1916; E. Little and J. Costa, ib., 13 , 228, 1921; K. Schorlemmer, Collegium, 371, 
1917; 145, 1918; A. Temi and P. Malaguti, Qazt. Chim. lUd., 49 , (1), 261, 1919; E. Muller 
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chromate solution, obtained as given above, and acidify it. 10 c.c. of a 10 per 
cent, solution of potassium iodide or 1-2 grins, of the solid salt are added and 
the liberated iodine is titrated with a standard solution of sodium thiosulphate, 
starch being added towards the end of the titration.^ The reactions involved 
are:— 

2 Na 2 Cr 04 + 2HC1 - NaoCr^O^ 4 - 2NaCl + H.,0 
NagCrgO^ + 6KI 4 - 14HC1 = 3L/+ 2NaCl + 2 CrCl 3 + 6KC1 + THgO 
31.2 + hNa. 2 S 203 == 6NaI 4 - 3 Na 2 S 40 g 

Thus 6 grm. -molecules of sodium thiosulphate are c(pii valent to 2 grm.- 
molecules of sodium chromate, which are in turn ])r()duced from 1 
grm.-molecule of chromium sesquioxide. Hence each c.c. of OlN-sodium 
thiosulphate used in the titration re])resents 0*002534 grm. of chromium 
sesquioxide, Cr 203 . 


§ 260. The Gravimetric Determination of Chromium as Barium 

Chromate. 

The Solubility of Barium Chromate . — This process ^ is based on the sparing 
solubility of barium chromate in water. One y)art of the salt has been variously 
reported as dissolving in from 87,000 to 300,000 j)arts of cold, and in 23,000 
parts of boiling water.^ The presence of acetic acid increases the solubility of 
the chromate; thus, 1 j)art of the salt dissolves in 37,000, 3070 and 1990 parts 
respectively of 1, 5 and 10 per cent, acetic acid. The presence of ammonium 
salts also makes the salt more soluble. For instance, 1 part of barium 
chromate dissolves in about 23,000 parts of water containing 0*5 per cent, of 
ammonium chloride; in 45,000 parts of water containing 0*5 ])er cent, of 
ammonium nitrate; in 50,000 parts of water containing 0*75 ])er cent, 
of ammonium acetate; and in 24,000 parts of a 1*5 per cent, solution of 
ammonium acetate. Hence the solution in which the prcci|)itation is made 
must be but faintly acid with acetic acid. Mineral acids should be absent, or, if 
present, nearly neutralised by the addition of sodium carbonate, followed by 
sodium acetate.^ Sulphuric acid or sulphatc^s obviously must be absent. 


and VV. Mease, Zeit. anal. Chem., 69 , 1(»5, 1926; E. Schulek and A. Dozaa, / 6 ., 86 , 81, 1931; 
F. L. Hahn, ib.^ 97 , 305, 1934; Journ. Amer. Cheni. aSoc., 57 , 614, 1935; A. Franko and 
R. Dworzak, Zeit. angew. Chetn., 39 , 642, 1926; G. 8 irois, Chemist- Analyst, 17 , 10 , 1928; 
E. Dittler, Zeit. angew. Chem., 39 , 279, 1926; 41 , 132, 1928; Tsch. Min. Petr. Mitt., 40 , 
189, 1929; 8 . R. 8 choles, Glass Ind., ii, 137, 1930; P. Klinger, Stahl Eisen, 50 , 1166, 1930; 
Arch. Eisenhuttenw.f 4 , 7, 1930-31; J. H. van der Meulen, liec. Trav, chim.y 51 , 369, 1932; 
W. Erhard, Mitt. Ears. Gutehoffnungshutte-Konz., 2 , 268, 1934; L. Crismer, Ber., 17 , 642, 
1884; J. Waddell, Analyst, 43 , 287, 1918; W. Dederichs, Pkarm. Ztg., 58 , 446, 1913; H. .1. 
Taveme, Chem. Weekh., 20 , 210, 1923. Of. G. F. Smith and C. A. Getz, Itul. Eng. Chem. A7ml. 
Ed., 9 , 378, 1937. 

^ K. Schorlemmer (l.c.) and A. Franke and R. Dworzak (l.c.) state that the chromate 
solution must be free from all iron salts. Compare C. C. Benson, Journ. Phys. Chem., 7 , 
356, 1903. 

® G. Chancel, Conipt. rend., 43 , 927, 1856 ; W. Gibbs, Zeit. anal. Cfu^m., 12 , 309, 1873; 
A. H. Pearson, Amer. Journ. Sci., (2), 48 , 198, 1869; A. J. Field, Journ. Ind. Eiig. Chem., 
8 , 238, 1916; L. W. Winkler, Zeit. angew. Chem., 31 , 46, 1918; L. A. Congdon and R. K. 
Gurley, Chem. News, 128 , 68 , 1924. 

* R. Fresenius, Zeit. anal. Chem., 29 , 418, 1890; 30 , 672, 1891; P. Schweitzer, Zeit. 
anal. Chem., 29 , 414, 1890; F. Kohlrausch, Zeit, phys. Chem., 64 , 121, 1908; I. Meschtschersky, 
Journ, Buss. Phys. Chem, Soc,, 14 , 219, 1882; Zeit. anal, Chem,, 21 , 399, 1882; J. Waddell, 
Analyst, 43 , 287, 1918; M. Lemarchands and M. Sirot, Compt. rend., 194 , 1577, 1932. 

* L. Schuleriid, Journ, prakt. Chem., (2), 19 , 36, 1890. Chlorides of ammonium, potas- 
sium, magnesium and calcium do not interfere; nitrates, chlorates and acetates give high 
results — L. W. Winkler, Zeit. angew. Chem,, 31 , 46, 1918. 
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Oxidation to Chromic Acid. — If the chromium be present in the lower 
state of oxidation, it must be converted into chromic acid by the addition 
of an oxidising agent. Hence warm the alkaline solution with a suit- 
able oxidiser, e.g. sodium peroxide, or hydrogen peroxide,^ or bromine,^ or 
chlorine.^ Nitric acid is rather slow in action.^ Potassium chlorate acts fairly 
well in the presence of hydrochloric acid, but there is a difficulty in removing 
the last traces of chlorine oxides, especially in dilute solutions.^ If the 
chromium be already juesent in the form of chromate, there is no need for 
the oxidation. 

Precipitation of Barium Chromate. — If necessary, neutralise the solution 
with acetic acid.** Add a hot solution of barium acetate,"^ slowly, drop by 
dro]),® to the hot neutral or weakly acidified solution. Let the mixture stand 
until cold; and, when the precipitate has settled, wash five times by decanta- 
tion with hot water.** Filter through asbestos felt in a Gooch crucible.^^ 
Wash the jirecipitate with dilute alcohol (alcohol 1 vol., water 10 vols.), and 
dry it in an air bath at 110°.^^ 

The Ignition. — Heat the (U)vered crucible in a saucer, gently at first, and 
finally over the full flame of a Teclu burner. In about 5 minutes, remove 
the lid and heat th<' crucible until the precipitate has a uniform yellow colour.’^^ 
(^)ol the crucible in a desiccator and weigh as barium chromate^ — BaCr 04 . 
JV1ulti])ly the weight by exactly 0*3 to get the equivalent amount of chromium 
sesquioxide - CrgOa. 

-Working with solutions containing the equivalent of 0'688C grm. 
of Ha(^r() 4 , the following numbers were obtained: 

HaCr 04 . 0-6922 0-6918 0-6876 0-6861 grm. 

i:rror . . +0-0036 +0-0032 -0-0010 -0-0025 grm. 


' W. J. Sell, ('hntt. 54 , 299, J^ 86 ; A. Carnot, Cowpt. rend., 107 , 997, 1888; 

F. Bourion and A. Seiu+hal, ih., 157 , 1528, 1913; G. Hirois, Chewist-AnalyM, 17 , 10 , 1928. 

* Bromine is a favonritt‘ oxiclisinj^ agent. It does not attack platinum. K. von Wagner, 

l)put. Ind. Zfg.^ 19 , 114, 1878; IHvgler'n 218 , 332, 1875; 219 , 544, 1876; P. Waage, 

Znf. anal. Chew., 10 , 206, 1871: Chew. News, 25 , 282, 1872; U. Kiimmerer, Her., 4 , 218, 
1871; K. Keiehardt, Arch. Pharm., (3), 5 , 1, 1876; G. Vulpius, ib., ( 3 ), 5 , 422, 1876. 

** W. Gibbs, Amcr. J. Science, (2), 39 , 58, 1865. 

* if the solution also contains chlorides, nitric acid must not be used in a platinum dish. 

^ F. H. Storer {Proc. Awer. Acad., 4 , 342, 1869; A^ner. J. Science, (2), 45 , 190, 1868) 

used a mixture of potassium chlorate and nitric acid for oxidising chromium salts — 
B. Fawolleck, Her., 16 , 3(K)8, 1883. T. H. Cunningham and T. Ji. McNeill, Ind. Eng. Chem. 
Anal. Ed., i, 70, 1929, oxidise with a mixture of perchloric and sulphuric acids. 

® For the reduction of chromic a(ud by acetic acid, see H. Basset, Chew. News, 79 , 157, 
1899; A. F. Leuba, Ann. Chim. anal., 9 , 303, 1904. “Small quantities of acetone, aldehyde, 
etc., are present in the inferior (grades of) acid.” 

’ Barium nitrate or chloride give rather high results, and are not so satisfactory as the 
acetate— F. L. Langmuir, IJeber die quanUtaiivc Bestimmung des Chnmis auf gewichtsanaly- 
tischen nnd kalorimetrischen Wege, Freiburg i. Br., BK) 6 . 

® If the barium acetate be added too quickly, barium acetate and other salts present in 
solution will be carried down with the chromate — R. B. Richards, Chem. News, 21 , 198, 
1870. For this reason M. Groger {Zeit. anorg. Chem., 81 , 233, 1913) has reported adversely 
on the process. 

® A. H. Pearson (Amer. Journ. Sci., (2), 48 , 198, 1869; Chem. News, 21 , 198, 1870) recom- 
mends a solution of ammonium acetate for the w-ashing, but the greater solubility of the 
precipitate in this menstruum must bo taken into account. 

The precipitate is very awkward to filter through paper. 

Use very gentle suction. If strong suction he applied, the felt gets choked and sub- 
sequent filtration and washing will be very slow-. 

It must be remembered that vanadium will be precipitated as barium vanadate, if 
this metal be present — A. Carnot, Compt, rend., 104 , 1803, 1887. 

The edges near the crucible sometimes appear green. This is due to a slight reduction 
by dust and ^cohol. When heated in the open crucible, the green colour gradually disappears. 
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The precipitate may be dissolved in hydrochloric acid, mixed with a 
solution of potassium iodide and the liberated iodine titrated with sodium 
thiosulphate as indicated on page 531. Instead of barium acetate, lead, silver 
or mercurous nitrate may be used as precipitating agents. The precipitate is 
washed with a solution of the salt used for the precipitation. In the case of 
mercurous chromate, ignition converts the }>recipitate into chromium ses- 
quioxide — CrgOg.^ 

§ 261. The Gravimetric Determination of Chromium as 
Chromium Sesquioxide. 

Chromium is most easily and quickly determined by volumetric methods. 
The gravimetric process is only used in special cases. If the chromium be in 
solution in the lower state of oxidation, it can be precipitated by the addition of 
a slight excess of ammonia in the presence of ammonium salts of freshly 
prepared ammonium sulj)hidc to the boiling solution ; or of hydrazine sulphate.^ 
Filter, wash, calcine and weigh as chromium sesquioxide CrgOg. Details 
of the procedure are as follows : — 

Reduction of Cknmiates.— li chromates be present, they must be reduced 
to chromic salts. Boil the solution with 10 c.(^ of hydrochloric acid and 10 c.c. 
of alcohol; and continue the boiling until all the alcohol has been expelled. 
Sulphurous acid and sulphites are also excellent reducing agents. Jannasch 
and Mai ^ reduce the solution by the addition of 5 c.c. of hydrochloric acid and 
a couy)le of grams of hydroxylamine hydrochloride. This, later on, facilitates 
the preciyutation and washing. Slightly better results are obtained with 
sulphuric acid and hydroxylamine hydrochloride. Supy)Osc that 25 c.c. of a 
solution of potassium chromate be under investigation, acidify the cold 
solution with 1 to 5 c.c. of dilute sulphuric acid,**^ and add 1 gram of 
hydroxylamine hydrochloride.® 

The Preeijntation . — Add a slight excess of ammonia,^ and boil the solution 
to drive oil the excess of ammonia. Filter quickly while still hot and wash 
with a dilute solution of ammonium nitrate as indicated for alumina (page 
164).* The precipitate is dissolved in hydrochloric acid and again precipitated 
with ammonia as just described. 

Ignition . — The wet precipitate is placed in a platinum crucible and the 
temperature gradually raised so as to prevent small particles of the precipitate 


1 L. A. Congdon and R. K. Gurley {Chem. News, 128, 68, J924) say that this method 
gives low results as a small part of the chromate is reduced to the chromic salt and so escapes 
precipitation. 

* M, Z. Jowitschitsch, 34, 225, 1913. 

® T. HanSs and T. Lukas, Chem. Ztg., 36, 1134, 1912. 

* P. Jannasch and J. Mai, Ber., 26, 1786, 1893; P. Jannasch and F. Riihl, Journ. prakt. 
Chem., (2), 72, 10, 1905; C. Fricdheim and P. Hasenclever, Zeit. anal. Chem.., 44, 594, 1005. 

* It is not advisable to use less than 1 c.c. of dilute sulphuric acid. If too little acid be 
used, the reduction is disturbed by a side reaction attended by the development of nitrous 
fumes, and the formation of a brown instead of a violet-coloured solution. 

® The addition of 2 c.c. of a 2*5 per cent, solution of tannin before the addition of the 
ammonia gives a precipitate much easier to filter and wash — K. E. Divine, Joum. Soc. Chem. 
Ind., 24, 11, 1905. 

’ Chromium hydroxide is soluble in an excess of ammonia, forming a red solution. This 
can easily be shown by adding ammonia to a dilute solution of a chromium salt. No pre- 
cipitate can be observed until the solution has been boiled a long time — W. Fischer and 
W. Herz, Zeit anorg. Chem., 31, 352, 1902. 

® Take care in the washing or the results may be 2 per cent, high when only one precipita- 
tion is made. 
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being projected from the crucible. After heating over the Bunsen flame, 
finish the ignition over the blast. Weigh as Cr 203 . 

The following numbers were obtained with one precipitation, using the 
equivalent of 0-1034 grm. of CrgOg, 2 c.c. of the tannin solution, 1 c.c. of 
sulphuric acid and 1 grm. of hydroxylaniine hydrochloride: 

OrgOa found 0-1033 0-1031 0-1034 grm. 

Error . . . -0-10 -0-29 0-00 percent. 

Errors , — As a matter of fact, the results are generally high, and this has 
been attributed to the formation of chromium chromate,^ CrgOa . SCrOg. 
Ignition of the hydroxide in hydrogen is said to give completely accurate 
results. Imperfect washing may also lead to the formation of alkali chromates 
from the alkalies in the reagents or solution.^ Genth ^ recommends boiling the 
precipitate with sulphurous acid before it is weighed, in order to make sure that 
the chromates are reduced; (Clouet ^ recommends boiling the precipitate with 
alcohol; and Clark ^ suggests removing the chromates by washing with dilute 
acetic acid and determining them by titration with Mohr's salt; the chromates 
may be also determined color! metrically. With the method described above 
there is no need for any of these methods of purification. 

Hence, two of the imjxutant errors in this d(‘termination arise from the 
solubility of the hydroxide in ammonia and the presence of alkalies in the 
calcined oxide.® If the excess of ammonia be expelled by prolonged boiling, 
the j>reci})itate becomes slimy and difficult to wash, and so aggravates the 
second source of error." The effect of a slight excess of ammonia need not be 
feared when hydroxylaniine hydrochloride is used, because hydroxylamine, 
not free ammonia, will be present, and chromium hydroxide is not apj)reciably 
soluble in this menstruum. Again, the addition of tannin enables the precipi- 
tate to be more readily washed and thus facilitates the removal of alkalies. 

It is interesting to note that the precipitated chromium hydroxide may be 
coloured either violet, green or intermediate tints. The green precipitate ® 
is commonest with the alcohol reduction, the violet with the hydroxylamine 
reduction. The violet precipitate is nearly always obtained by the method 
described above. If tannin is present, the precipitate appears grey. The green 
precipitate seems to have a greater avidity for alkalies than the violet-coloured 
one and thus gives rather higher results. 

Ejfeci of Phosphoric Acid . — When phosphoric acid is present, chromium 
phosphate will be precipitated.® In that case, fuse the ignited and weighed 


^ G. Rothang, Zeif. anorg. Chefn,, 84, 165, 191.3; H. T. S. Britton, Analyst, 49, 130, 1924. 

2 T. Wilm, Her,, 12, 2223, 1879; Chem. News, 41, 222, 1880; F. P. Treadwell, Her., 15, 
1392, 1882. A. Souchay {Zeit. anal, Chem,, 4, 66, 1865) thinks that the high results are due 
to the action of the ammonia on the glass vessels. 

* F. A. Genth, Amer. J. Science, (3), 5, 418, 1873. 

* P. Clouet, Ann. Chim, Phys., (4), 16, 90, 1869. 

* J. (3ark, ('hem. News, 24, 304, 1871. 

® For adsorbed sulphuric acid in the precipitated chromic hydroxide from solutions con- 
taining sulphuric acid, see H. E. Patten, Amer, Cheni. Journ,, 18, (K)8, 1896. 

’ J. Hanfis and .1. Lukas {Inter, Cong. App. Chem., 8, i, 209, 1912) quantitatively pre- 
cipitate chromium from neutral or alkaline solutions — containing chromates, or chromic 
salts — by means of hydrazine hydrate or one of the derivatives of hydrazine — hydrazine 
sulphate, phenylhydrazine, thioscmicarbazide. The precipitation is more rapid and com- 
plete in the presence of ammonium chloride, and thioscmicarbazide gives best results. For 
hexamethylenetetramine as a precipitant, see P. Ray and A. K. Chattopadhya, Zeit. anorg. 
Chem,, j6g, 99, 1928; P. R&y, Zeit. anal. Chem., 86, 13, 1931. For mercury ammonium 
chloride, see W. Pumm, Collegium, 202, 1927. 

* The violet hydroxide is possibly CrfOH),; the green, CrgO( 011)4. 

* H. Baubigny, Bull. Soc. chim., (2), 41, 291, 1884; Chem. News, 50, 18, 1884. 
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precipitate with sodium carbonate and a little sodium nitrite. Dissolve the 
melt in water acidified with nitric acid, and precipitate the phosphoric acid 
with ammonia and ma^?nesia mixture. The chromium may be determined 
by difference, or precipitated from the filtrate as barium chromate, or deter- 
mined volu metrically. 

§ 262. The Volumetric Determination of Vanadium. 

Om* method for the determination of vanadium is based on the reduction 
of vanadium ])entoxide - V 20 r,— to vanadium tetroxid(‘ — ^uid the re- 

oxidation of the latter by a standard solution of potassium j)ermanganate.^ 

Suppose wo have to deal with the solution remaining after the colorimetric 
determination of chromium (])age 526).^ The boiling solution is reduced with 
sulphur dioxide from a syphon, and the excess of sulphur dioxide is ex})elled 
by passing a ra])id current of carbon dioxide through the solution, which is 
then titrated at 70' 80"' with a dilute solution of potassium ])ermanganate 
approximately that is, 0*3161 grm. of KMn 04 per litre ^ until a 

permanent pink colour is obtained. If the solution be titrated cold, the end- 
point is not so sharp. ^ 

^ W. F. Hillcbrand, Jourv. Ayner, Chnn. /S’or., 20 , 4()J, J 8 bS; (j. (\ Kc'lley and J. H. 
(biinant, ib., 38 , 34J, 191(5; G. E. F. laindell and Jl. H. KnowIoK, ? 6 ., 43 , 15(50, 1921 ; A. B(?t- 
tendorff, Pogg. Annale.n, 160 , 126, 1877; 0, (Vaidnowicz, //>., 120 , 17, 18(53; C. Itanimplsbrrg, 
Ber., I, 158, 18(58; B. \V. Gerland, ?7>., 10 , 1513, 151(5, 1877; O. M anass(*, JAcbig's Ann.^ 
240 , 23, 1887; Zcif. aval. Chem,, 32 , 225, 1893; O. LiiidernantJ, ib.^ 18 , 99, 1879; G. \Vogt*lin, 

53> 1914; W. Hartmann, //)., 66 , 16, 1925; , 1 . Kasslcr, /7>., 77 , 2J10, 1929; F. A. Gcnth 

and G. von Rath, ('hem. AV-m:.v, 53 , 218, 1886; 74 , 78, 1896; J. R. (’ain. Bull. Bur. Btamiarfbs, 
7 , 377, 1911; E. de M. Campbell and (\ E. (Jriflin, Jouru. lad. Bug. (Jhtyu., i, (5(51, 1909; 
G. T. Dougherty, ib.^ 7 , 419, 1915; D. J. Demorest, ?7>., 4 , 249, 895, 1912; A. H. ('ain ami 
3. C. Hostcttor, ib., 4 , 250, 1912; J. R, Cain and 1). .1. Ihunorest, <7 a, 4 , 25(5, 1912; R. R. 
Scdiaal, / 6 ., 13 , (598, 1921; G. L. Kelley and J. A. Wiley, ib., 13 , lO.’iH, 1921 ; G. Auehy, ib., l, 
455, 1909; G. Phlgar, Amer. J. Science, (4), 25 , 332, 1908; F. A. (hxHh and L. B. Stookay, 
ib., (4), 14 , 369, 1902; F. A. Gooch and R. D. (»ilbert, ?7>., (4), 15 , 389, 1903; F. A. Genth, 
ib., (3), 12 , 32, 1876; F. A. Gooch and G. Edgar, ib., (4), 25 , 2.33, 1908; Her., 38 , 600, 1905 ; 
E. R. Alvarez, (^hem. Ztg., 33 , 149, 1909; 1*. Slawik, ib., 36 , 171,1912; A. Hcinzclmann, ib.y 
39 , 285, 1915; K. Swoboda, ib., 52 , 1014, 1928; H. Mcndc, ib., 53 , 178, 1929; K. Hi(‘s, ib., 
53 , 527, 1929; E. Fiirber, ib., 55 , 691, 1931 ; E. Campagne, Bull. Soc. (him., (3), 31 , 962, 1904; 
Compt. rend.y 137 , 570, 1903; A. Ditt€*, «7>., loi, 698, 1885; C. Matignon and I*. Monnct, /7>., 
134 , 542, 1902; W. Hcikc, Stahl BiseHy 25 , 1357, 1905; H. Konig, /7)., 34 , 405, 1914; O. 
Wilms and P. Eisclibaeh, ib., 34 , 417, 1914; C. Hcnscn, Kriflsche V ntermchnng dcr Vnuadin 
Besiimwungsmethexlcny Aachen, 36, 1909; P, Jannasch and H. E. Harwood, Journ. praki. 
Chem.y (2), 97 , 93, 1918; T. Nakazono, Jovrn. Chem. Soc. Japan y 42 , 761, 1921; E. Miillcr 
and H. Just, Zeit. anorg. Chem., 125 , 155, 1922; A. W. Hothersall, Journ, Soc. ('hern. Ind.y 
43 , 270, 1924; A. T. Etheridge, Analysty 53 , 423, 1928; B. S. Flvans and S. G. Clarke, ib.y 
53 , 475, 1928; F. Ibbotson, ib.y 53 , 531, 1928; G. Scagliarini and P. Rratesi, Aiti. li. Accad. 
Lined y ( 6 ), 14 , 298, 1931; E. M. ITtkina, ZavodAkayn X« 6 ., .No. 4, 17, 1933; (J. H. Rich and 
G. C. Whittam, Met. Chem.. Bng., 13 , 238, 1915; E. C. Kraus, ib.y i(3, 418, 1917; F. L. Hamner, 
ib.y 17 , 206, 1917; R. Holverscheit, Chem. Ctntr.y (1), 977, 181K); F. T. Reasoul, Ing. chim.y 
18 , 63, 1934; A. Travers, Bull. Ass<rc. tech. FonderiCy 8 , 383, 1934. H. E. Roscoe {Journ. Chem. 
Soc.y II, 928, 1871) considered the process by zinc reduction not reliable. For a comparison 
of gravimetric methods for the det-ermination of vanadium, see L. Moser and O. Brandi, 
Monats.y 51 , 169, 1929. J. E. Conley, U.8. Bur. Miues Bull., 212 , vii, 239, 1923. 

* If molybdenum and arsenic be present, the solution, after the determination of chromium 
(page 526), is acidihed with sulphuric acid, and treated with hydrogen sulphide (page 276), 
when both arsenic and molybdenum together with traces of platinum from the crucible are 
precipitated. Boil the filtrate to expel hydrogen sulphide. 

* 1 grm. KMn 04 corresponds with 2*8776 grms. for the oxidation Vj 04 -> VjOj. 

^ The temperature of the solution is of importance; the best temperature is between 
70^ and 80'^. If the titration be made at too low a temperature, the end-point is not sharp 
enough, and if at too high a temperature, the permanganate may be reduced by the hot 
sulphuric acid solution of manganous sulphate, as shown by A. C. Sarkar and J. M. Dutta 
(Zeit. anorg. Chem., 67 , 225, 1910). 
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After the titration, again reduce the boiling solution with a current of 
sulphur dioxide, when V202(S04)3 again passes to V202(S04)2; or, generalised: 

V 205 + S02 = S03+V204 

Boil the solution while a ra])id current of carbon dioxide is passing through 
until the escaping gas no longer decolorises a solution of potassium per- 
manganate. Repeat the titration on the hot solution. The reduction and 
titration should be re])eated once again. The last two results will probably 
be lower than the first and the mean of them rej)reseiits the correct vanadium 
content of the given solution.^ 

If but a small quantity of permanganate be used, verify the presence of 
vanadiinn as follows: - Evaporate the solution to dryness in order to expel the 
sulphuric acid; take up the residue with 3-4 c.c. of water; acidify the solution 
with a few drops of nitric acid ; and add two or three drops of hydrogen 
peroxide. A brownish-red colour indicates vanadium. 

HiHe})rah(Vs Vorrection for Excess of Chronnum. — If over about 0-CK)5 grm. 
of chromium be present, a correction must be made, since in hot solutions 
chromic salts are oxidised by permanganate. Hence make a solution of 
])otassium chrennate containing the same amount of chromium as the solution 
under investigation. Reduce with sulphur dioxide as indicated for vanadium, 
and titrate at the same temperature with the standard permanganate. The 
amount of permanganate used must be subtracted from that taken in titrating 
for vanadium, and the difference represents that used in converting 
¥2^)4 ^ It is f)erhaps easier to determine the chromic and vanadic 

acids volumetrically by the following process than to apply these corrections.^ 

Volumeirk Defcrhcinafion of Chromic and Vanadic Acids. — It might be 
added that ])rocesses have been devised for the simultaneous determination of 
these two c()m])ounds. Edgar’s process ® is })ased on the fact that hydro- 
bromic acid will reduce vanadic acid to vanadium tetroxide V2O4 — 

and chrojiiic acid to chromic oxide -- 2Cr03 CrgOs*, and hydriodic acid will 
reduce vanadium tetroxide to the trioxide- leave chromic 

oxide unaffected. The mixture of chromic and vanadic acids (about 0-2 grm.) 
is boiled in a flask (fig. 113) with 15 c.c. of hydrochloric acid and 2 grins, of 
potassium bromide. The flask is arranged so that a slow current of hydrogen 
from a Kipp’s apparatus and w’^ash-bottle passes while the solution is being 
boiled. The bromine vapour evolved owing to the reaction: V205-H20r03 
-f 8HBr = V2()4-f Cr203-i-4H20 -i-4Br2, is led through a pair of Wolbling’s 
flasks containing an alkaline solution of potassium iodide. When the reaction 
is over, the contents of the absorption bulbs are washed into an Erlenmeyer’s 
flask; the solution is acidified with hydrochloric acid; and the free iodine, 
liberated by the action of the bromine on the potassium iodide — Br2 + 2K1 = 
2KBr-f Tg — is titrated with sodium thiosulphate in the usual w^ay. 

Tw^o grams of potassium iodide, 15 c.c. of hydrochloric acid and 3 c.c. of 
syrujiy phosphoric acid are now added to the solution in the boiling flask, and 
the distillation repeated as before in a current of hydrogen. The absorption 


^ According to Wegelin (/.c.) th<? method is accurate to within 0*2 per cent, when working 
on 0’3 to 0‘4 grm. of the vanadium compound. The addition of manganous sulphate is 
helpful to accuracy should chlorine lx? present. 

* For a method for determining the titration error in the presence of chromium, see 
1. Wada and R. Ishii, Sci. Papers Inst. Phys. Chem. Hesmreh (Tokyo), 19 , Nos. 394-7, 1932. 

* O. Edgar, Awer. J, Science, (4), 26 , 333, 1908; R. Holverscheit, Chem. Centr., (1), 977, 
1890; C. Friedheim and R. Euler, Ber., 28 , 2067, 1895; P. E. Browning, Zeit. anorg. Chem., 
13 , 113, 1897; Amer. Joum. Set., (4), 2 , 186, 1896; F. A. Gooch and R. W. Curtis, ib., (4), 
17 , 41, 1904; H. Ditz and F. Baxdach, Zeit. anorg. Chem., 93 , 97, 1915. 
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flasks are charged as before and the iodine liberated by the reaction — 
V204 + 2 HI = V203 + H20 4 'l 2 — is absorbed by the alkaline potassium iodide 
and titrated as before. The second titration gives data for calculating the 
amount of vanadic acid in the original solution; and the first and second 
titrations give data for calculating the amount of chromic acid. 



Fio. 113. — {Sinuiltancous Determination of Chromic and Vanadic Acids. 


A number of other methods have been developed which are all somewhat 
similar in principle.^ The chromium and vanadium are converted to the 
state of chromate and vanadate by oxidisers such as sodium bismuthate, 
ceric sulphate, potassium bromate, perchloric acid or persulphates, with or 
without silver nitrate as catalyst, Persulphates are most commonly used. 
The excess of the oxidising agent is then removed by suitable means and the 
chromate and vanadate are reduced to chromium and vanadyl salts by 
titration with a standard solution of ferrous sulphate. The end-point is 
determined either potentiometrically or with an internal indicator. The 
volume of the standard ferrous sulphate solution used is a measure of the 
chromium and vanadium present. The vanadium in the reduced solution is 
again oxidised to the penta valent state by titration with standard perman- 


^ F. L. Hamner, Met. Chem. Eng., 17 , 206, 1917; I. M. Koltlioff and O. TomiCek, Eee. 
Trav. chim., 43 , 447, 1924; W. Briiggemann, Chem. Ztg., 53 , 927, 947, 1929; R. Lang and 
F. Kurtz, Zfit. anal. Chem,, 86 , 288, 1931; W. Werz, ib., 86 , 336, 1931; W. Hiltner and 
C. Marwan, ib., 91 , 401, 1933; G. Thanheiser and P. Dickens, Arch. Eisenhiittenw., 5 , 105, 
1931-32; H. H. Willard and F. Fenwick, Jtmrn. Amer. Chem. Soc., 45 , 84, 1923; H. H. 
Willard and P. Young, ib., 51 , 139, 149, 1929; Ind. Eng. Chem., 20 , 764, 1928; Ind. Eng. 
Chem, Anal, Ed., 4 , 187, 1932; ib,, 5 , 158, 1933; ib., 6 , 48, 1934; D. J. Demorest, Ind. Eng. 
Chem., 4 , 249, 1912; 5 , 895, 1913; G. L. Kelley and J. B. Connant, ib., 8 , 719, 1916; G. L. 
Kelley, J. A. Wiley, R. T. Bohn and W. C. Wright, ib., 13 , 939, 1921 ; I. M, Kolthoff and 
E. B. Sandell, ib.. Anal. Ed., 2 , 140, 1930; H. H. Willard and R. C. Gibson, ib.. Anal. Ed., 3 , 
88 , 1931; A. M. Duimov and 0. A. Volodina, Zavodska/ya Lab., 2 , No. 9, 25, 1933. 
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ganate solution, as indicated on page 536. In this procedure a correction for 
chromium must be applied (page 537). Alternatively, the vanadium in the 
reduced solution is selectively oxidised to vanadate and, after destroying the 
excess of oxidiser, the solution is again titrated with standard ferrous sulphate 
solution. The volume of the latter used is a measure of the vanadium alone. 
The following is an adaptation of the procedure recommended by Willard and 
Young for determining chromium and vanadium in alloy steels. To the 
solution slightly acidified with sulphuric acid,^ add 10 c.c. of 0*25 per cent, 
silver nitrate solution and about 2 grms. of ammonium persulphate. Boil for 
10 to 15 minutes to oxidise the chromium and vanadium and destroy the 
excess of persulphate. Cool to room temperature, add 0*5 c.c. of 0-1 per cent, 
oxidised diphenylamine indicator ^ and titrate with O-OON-ferrous sulphate 
solution.® At the end-point the colour changes sharply from purple to green. 
Now add to the reduced solution (MN-permanganate from a burette until 
an excess is just present. Then add three or four more drops and stand for 
2 minutes to be sure that the colour persists and all the vanadium has been 
oxidised. Add 5 c.c. of 0 *lM-aodium azide solution ^ to destroy the excess of 
permanganate and boil for 10 minutes in a fume cupboard to expel the 
hydrazoic acid. Cool to room temperature and titrate as before wdth ferrous 
sulphate.® 

Volumetric Determination of Vanadium and Molybdenum .^ — If a boiling 
solution of molybdic and vanadic acids be treated with sulphur dioxide, the 
vanadic acid, VgOg, is alone reduced to vanadium tetroxide, V 2 O 4 , provided 
the solution contains no more than 0*2 grm. of molybdic acid per 50 c.c. and 
a})proximately 1 c.c. of free sulphuric acid. When the reduction is complete, 
pass a current of carbon dioxide through the boiling liquid to drive off the 
sulphur dioxide. The vanadium tetroxide can be titrated in the usual way 
with 0-1 N - potassium permanganate. Then pass the solution through a 
reductor containing amalgamated zinc and collect in 50-60 c.c. of a 10 per cent, 
solution of ferric alum; add 8-10 c.c. of syrupy phosphoric acid to decolorise 
the iron salt and titrate with 0 -lN-potassium permanganate as before. The 
permanganate required for the latter titration includes that needed for con- 


^ Chlorides, if present, must first f>e removed by precipitation with silver nitrate or by 
evaporating the solution to strong fumes with a slight excess of sulphuric acid. 

^ Oxidised Diphenylamine Indicator. — Dissolve 0*32 grm. of barium diphenylamine 
sulphonate in water, add a slight excess of sodium sulphate solution, filter or decant and 
make up to 100 c.c. Put^ the volume of indicator solution needed for the particular titration 
in a small beaker, add 5 c.c. of water, 3 or 4 drops of concentrated sulphuric acid and 3 or 4 
drops of O lN-potassium dichromate. Run in very dilute (0 01 to 0 02N) ferrous sulphate 
solution until a fraction of a drop just turns the purple colour to a bluish-green. The whole 
of this solution is then added to the solution under titration. A titration blank is eliminated 
by the use of this oxidised indicator — H. H. Willard and P. Young, Ind. Eng. Chetn. Anal. 
Ed., 5, 154, 1933. 

* Standardised against potassium dichromate with oxidised diphenylamine as indicator. 

* Or 0*05N-8odium nitrite solution, drop by drop, until all the permanganate has been 
reduced, then add at once 1 grm. of urea to destroy the nitrous acid and boil for 5 minutes. 

® Tungsten interferes and, if present, must be kept in solution as complex fluoride by 
the addition of hydrofluoric acid. Variant procedures are: (1) to reduce selectively the 
chromate by a measured excess of standard arsenite solution, the excess being determined by 
titration with pt^rmanganafe. The vanadium is then determined by titration with ferrous 
sulphate — Kolthoff and Sandell (l.c.); (2) reduction of the chromates in acetic acid solution 
by hydrogen peroxide, followed by titration of the vanadate with ferrous sulphate. Sodium 
perborate is used as the source of hydrogen peroxide and the excess is destroyed by boiling 
— Willard and Fenwick (f.c.). For the simultaneous determination of chromium and vana- 
dium by means of titanous chloride, see F. W. Atack, Analyst, 38, 99, 1913. 

* G. Edgar, Amer, J. Science, (4), 25, 332, 1908; Zeit. anorg. Ckem,, 58, 375, 1908. 
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verting the VgOg to V2O5, and for the conversion MogOjj to 2M0O3; the former 
is three times the amount consumed for the V2O4 titration.^ 

Volumetric Determination of Vanadium and IronJ ' — If a mixed solution of 
ferric and vanadic oxides, acidified with a little sulphuric ac*-id, he treated in 
a similar manner, the first titration (after the sulphur dioxide reduction) 
corresponds with the conversion of V2O4 to V2O5, and of 2FeO >Fe203; and 
the second titration (after the zinc reduction) with V2O2 >V205, and 
2Fc0->Fe203. Hence, with 0*lN-permanganate, the difference between the 
two titrations multiplied hy ()*()()45475 gives the amount of vanadic acid 
originally present, and the amount of iron can then be calculated from either 
titration. 

Alternatively, after the first ])ermanganate titration removt^ the excess of 
permanganate by boiling with a few c.c. of hydrogen ])eroxide. Cool. Add 
8-10 c.c. of syrupy phos})horic acid to suppress the colour of the ferric iron 
and titrate the vanadium with standard ferrous sulphate solution as indicated 
on page 538.^ 

§ 263. The Gravimetric Separation of Chromium and Vanadium. 

The gravimetric sej)aration of chromium and vanadium is complicated by 
the fact that chromium salts or chromates in the ])resence of vanadium 
pentoxide may give chromium vanadate, CrV04, or a vanadato-chromate. 

Instead of applying the colorimetric })rocess for chromium, followed by the 
volumetric ])rocess for vanadium, these two constituents can be determined 
gravimetrically ^ in the following manner:-— Hydrocddoric acid, if present, is 
expelled from the solution by repeated evaporation with nitric acid. The 
solution is just neutralised with sodium hydroxide, acidified with acetic acid 


^ For the determination of molybdenum and vanadium in admixtun* by moans of titanous 
chloride, see A. Travers, Compi. rend., 165 , .‘162, 1917; 166 , 289, 1918. 

G. Edgar, Afner. J. SeietK'e, (4), 26 , 79, 1908. 

® 11. G. Gustavson and C. M. Knudson {Journ. Arner. Chem. Nor., 44 , 2756, 1922) give 
a method for the successive electrometric titration of iron, vanadium and uranium. For 
other methods for the determination of vanadium in the preseiufc of iron, sec W. WVight, 
Chem. Netvs, 108 , 248, 19],‘3; G. T. Dougherty, Journ. Ind. hUi(j. Chnn., 7 , 419, 191.5; G. 
Hinard, Ann . Chim. anal., (2), 2 , 297, 1920; K. Soraeya, Zdl. anorg. Chew,, 139 , 2.‘17, 1924; 
idci. Rep. TohSku, 14 , 577, 1925; J. 8 illKT.stein, Chemist- Anafyst, 18 , 11, 1929; S. M. Gutman 
and N. V. Mikheeva, Soobshch. Vsesoyuz Inst. Met., Nos. 5/6, 7.‘1, I9.‘{1; G. Thanheiser and 
P. Dickens, Kaiser WUhetm Inst. EisenJ. Dusseldorf, 13 , 187, lOIll ; I*. L. Blankden, 

Chem. Weekh., 29 , 263, 1932. 

* The following is an alternative process for the separation of chromium and vanadium. 
The solution, after reduction with sulphurous acid, is nearly neutralised with a saturated 
solution of sodium carbonate. A slight ex(?ess of barium carbonatcj emulsion is added and 
the solution vigorously boiled for 10-1.5 minutes with further small additions of barium 
carbonate, provided not more than 2 grras. excess is present. Air should be exeluded as 
much as possible. The precipitate is collected, washed with hot whaler, ignited and fused 
in a platinum crucible for 20 minutes with 2 grms. of sodium carl>onate and 0*25 grra. of 
potassium nitrate. The cold cake is digested with water and filtered. The filtrate is treated 
with hydrogen peroxide to oxidise nitrites, boiled for .5-10 minutes, transferred to a separat- 
ing funnel, vigorously shaken with a slight excess of nitric acid, just neutralised with sodium 
hydroxide and again acidihed with an excess of 1 c.c. of nitric acid for each KK) c.c. of solution. 
An excess, say 20 c.c., of a 20 per cent, solution of lead nitrate is vigorously stirred in, when lead 
chromate alone is precipitated from the cold solution containing chromium, vanadium and 
uranium, according to A. A. Noyes, W. C. Bray and E. B. Spear {Tech. Qvart., 21 , 14, 1908; 
Joum, Amer. Chem. Hoc., 30 , 481, 1908; K. Cain, Journ. Ind. Eng. (^hem., 4 , 17, 1912). 
Only 0*000 1-0 *0003 grm. of chromium remains in solution, and no precipitate was obtained 
with solutions containing 01 grm. of vanadium. Lead vanadate is sparingly soluble and 
can be precipitated quantitatively in presencje of a weaker acid — acetic acid and ammonium 
acetate. L<^d uranate is precipitated from neutral or slightly alkaline solutions. If the 
filtrate is afterwards required, the lead is removed with hydrogen sulphide. 
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and a solution of lead acetate added to the boiling solution. Boil three or 
four minutes. The voluminous precipitate of lead chromate and lead 
vanadates ^ soon settles, provided too great an excess of lead acetate has not 
been added. ^ 

Separation of the Chromium . — Evaporate the mixture to about 30 c.c. on 
a water bath. Add 2 grms. of solid ])otassiurn carbonate; evaporate to 
dryness; take up the residue with a little hot water; let the insoluble matter 
settle and decant the clear liquid through a filter-])aper. Wash the filter-paper 
with water. If tln^ insoluble residue is yellowish, wash any of it which may 
be on the paper back into the vessel coritaining the bulk of the residue 
and repeat the treatment with potassium carbonate. When a colourless 
residue^ has been obtained, wash it well and evaporate the joint filtrates to 
about 15 c.c. Again treat this solution with potassium carbonate. The 
final filtrate contains the lead chromate. Acidify the solution with acetic acid 
— carbon dioxide is evolved, and lead chromate is ])recipitated. The solution 
is heated to boiling and lead acetate is added until all the chromium is 
precipitated. The precipitate is treated gravimetrically as indicated on 
page 335; or the lead chromate precipitate is collected on the asbestos mat 
in a (Joo(di crucible and then dissolved in hot hydrochloric acid (1 : 4). The 
solution is cooled, treated with an excess of ferrous sulphate, and titrated 
with standard dichromate or permanganate as directed on pages 180 and 501. 

Precipitation of the Vanadium. -The precipitate of lead carbonate and lead 
vanadate^ is dissolved in nitric acid, the solution evaporated to dryness and 
the residue taken uj) with dilute hydrochloric acid. The lead is precipitated 
as sulphide. Filter. Evaporate the solution down to a small volume and 
treat it with (‘oncentrated nitric acid, evaporate to dryness, transfer the 
residue to a platinum crucible and after calcination (fusion) weigh as V 2 O 5 . 
(For the effect of chlorides, see page 525.) The vanadium may here also be 
determined volumetrically (i»age 536) or colorimetrically. 

Vanadium can also be determined by precipitation as ammonium vanadate.*^ 

^ T. Kischer, (ieher die iU'Mimmunrj von V nnadinsdure ^ Berlin, 1894; G. Sefstrcini, 

Aww., 21 , 43, 1831 ; J. J. Berzeliusi, ib.^ 22 , 1, 1831; H. E. lioscoe, lAebufs Ann. HwppL, 8 , 
95, 1872; E. Claassen, A mer. Chem. Journ., 7 , 349, 1885/6; 11. Cormiinbceuf, Ann. Ckim. anal, 
app., 7 , 258, 1902; H. H. Barker and H. Schlundt, 3Iet. Chetn. Eng., 14 , 18, 1916. H. F. 
Watts {Weatem Chem. Met., 5 , 408, 1909; Cheni. News, loi, 34, 1910) precipitates lead 
vanadate in a solution just acid with nitric acid and containing 1 to 2 grms. of sodium acetate. 
The precipitate is dissolved in dilute nitric acid and the lead and nitric acid removed by 
evaporation with sulphuric, acid. »See E. Oarricre and R. Guiter, Compt. rend., 204 , 1339, 1937. 

^ For other methods of separation, see A. Carnot, Compt. rend., 104 , 1850, 1 887 ; M. E. Pozzi- 
Escot, ih., 149 , 1131, 1909; V. von Klecki, Zeii. anorg. Chem., 5 , 381, 1894; O. bindemann, 
Zeit. anal. Chem., 18 , 99, 1879; K. Roeseh and W. Werz, ib., 73 , 352, 1928; A. Jilek and 
V. VieoV 8 k>% Coll. Czech. Chem. Comm., 4 , 1 , 1932. 

® The ether and hydrogen peroxide test for chromium can be made — G. Werther, Journ. 
praki. Chem., ( 1 ), 83 , 195, 1861. According to F. H. Storer, this reaction detects 1 part of 
potassium chromate in 40,(KK) parts of water. W. J. Karslake, Journ. Amer. Chem.. Soc., 31 , 
250, 1909; C. Keichard, Zeit. anal. Chem., 40 , 577, 1901; M. Martinon, Hull. Soc.. chim., 
( 2 ), 45 , 862, 1886. 

* R. Rolverseheit, Ueber die quantitative Bestimmung des Vanadins und die. Trennung der 
Vamulinsdure vmt Phosphorsdure, Berlin, 21 , 1890. 

® J. J. Berzelius, Pogg. Ann., 22 , 54 , 1831; K. von Hauer, Journ. praki. Chem., (1), 69 , 
385, 1856; H. E. Roscoe, JAebig's Ann. Suppl. 8 , 101, 1872; W. Gibbs, Proc. Amer. Acad., 
10 , 242, 1875; Amer. Chem. Journ., 5 , 371, 1883; A. Ditte, Com.pt. reml., 104 , 982, 1887; 
A. Rosenheim, Zeii. amrg. Chem., 32 , 181, 1902; F. A. Gooch and R. D. Gilbert, ib., 32 , 174, 
1902; Amer. Journ. 8ci., ( 4 ), 14 , 205, 1902; R. Hoiverscheit, Ueber die quantitative Bestim- 
mung des Vaimdins und die Trennung der Vanadinsdure, von Phosphorsdure, Berlin, 11, 1890. 
For the use of cupforron in determining vanadium, especially in the presence of arsenic and 
phosphorus, see W. A. Turner, Amer. Journ. Sci., (4), 41 , 339, 1916; ib., (4), 43 , 109, 1916; 
L. RoUa and M. Nuti, Oiorn. Chim. ind. appLy 3 , 287, 1921 ; S. G. Clarke, Analyst, 52 , 466, 
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This is formed when a concentrated vanadate solution is treated with a 
saturated solution of ammonium chloride, or with solid ammonium chloride, 
followed by alcohol. The precipitate is washed with alcohol, dried, heated to 
expel ammonium chloride and afterwards heated with ammonium nitrate to 
constant weight. Roscoe and Holverscheit concluded that the solubility of 
the ammonium vanadate in the mother and wash liquors led to low results. 

§ 264. The Colorimetric Determination of Vanadium. 

In the absence of titanium, the hydrogen peroxide colorimetri(j process 
described for titanium can be applied, mutatis mutandis^ to vanadium.^ The 
reddish'brown colour is intensified by an excess of acid and partly bleached by 
an excess of hydrogen peroxide. The test is most exact when carried out in a 
solution containing 15-20 per cent, of sulphuric acid, 3 per cent, hydrogen 
peroxide being added, drop by drop, until the colour ceases to intensify. The 
prior addition of oxalic acid to the sulphuric acid solution is said to prevent 
bleaching by excess of hydrogen peroxide. Molybdenum and titanium inter- 
fere. The colour given by molybdenum is bleached by the addition of boric 
acid, which does not affect the vanadium coloration. The addition of hydro- 
fluoric acid or ammonium fluoride has been recommended to suppress the 
colour given by titanium, if present. Any interference due to the presence of 
ferric salts and also titanium can be eliminated by phosphoric acid. 

Mellor has developed a method for the simultaneous colorimetric deter- 
mination of titanium and vanadium, based on the intensity of red rays in 
solutions of titanium and vanadium coloured with hydrogen peroxide and 
Fenton’s acid.^ Experience and visual acuity are necessary for accurate 
results. Gregory’s colorimetric process ^ can be used for the colorimetric 

1927; V. G. Kodeja, Anales iSor. Enpati. Fin. Qvhti.^ 12 , 305, 379, 1915. For the separation 
of vanadium from arsenic, sec C. Field and E. F. Smuts, Journ. Atner. Chnn. Sw., 18 , 1051, 
1896,* from phosphorus, A. Kropf, Chem. Ztg., 41 , 877, 890, 1917; from chromium by 
8 "hydroxyquinolinc, E. B. Sandcll, Ind, Eng. Chem. Amd. Ed., 8 , 336, 1936; from iron, 
E. Dciss and H. Lcysaht, Chem. Zig.^ 35 , 860, 1911; Wenger and H. V'^ogelson, Helv. Chim. 
Acta, 2 , 550 , 1919; from molybdenum, J. Kassler, Zieit. ami. Chem,, 74 , 276, 1928. For 
analyses of vanadinite and related minerals, sec G. 8 urr, Min. Eng. World, 41 , 203, .1914; 
for the assay of vaiiadic acid, G. Chesnau, Ann. Chim. anal,, 18 , 108, 1913. 

^ V. von Klecki, Zeit. anorg. Chem., 5 , 374, 1894; L. Maillard, Hull. Hoc. chim., (3), 23 , 
422, 559, 1900; Chem. Neivn, 82 , 19, 1900; L. C. Barreswil, Compt. rend., 16 , 1085, 1843; 
A. Travers, ib., 165 , 362, 1917; 166 , 289, 1918; G. Werther, Joxim. prakt. Chem., (1), 83 , 
195, 1861: C. Reichard, Zeit. arial. Chem., 40 , .577, 1901; 42 , 95, 293, 1903; J. Meyer and 
A. Pawletta, ib., 69 , 15, 1926; J. Lukas and A. Jilek, ih., 76 , 348, 1929; J. Kassler, ib., 77 , 
290, 1929; A. Kropf, Zeit. angew. Chem.., 35 , 366, 1922; G. Misson, Bull. Soc.. chim. Belg., 
31 , 123, 1922; C. R. McCabe, Joum.. Ind. Eng. Chem.. 5 , 736, 1913; 6 , 960, 1914; Chem. 
Newtt, 104 , 194, 202 , 1911; S. G. Clarke, Analyst, 52 , 527, 1927; B. 8. Evans and S. G. 
Clarke, ib., 53 , 475, 1928; G. Fenner, Chem. Zig., 42 , 403, 1918; T. Gedcon, Magyar Chem. 

37 , 89, 1931; 8 . M. Gutman, Soobshch. Vse.soyuz Inst. Met., 1 , 66 , 1931; P. Slawik, 
Chem. Ztg., 34 , 648, 1910; E. R. Wright and M. G. Mellon, Ind. Eng. Chem, Anal. Ed., 

9 , 375, 1937. .F'or the separation of vanadium from titanium, see W. R. Schoeller, Analyst., 
61 , 585, 1936. 

* J. W. Mellor, Trans. Cer. Soc., 12 , 33, 1913. Dihydroxymaleic acid, C 4 H 40 e • 2HjjO — 

H. J. H. Fenton, J ourn. Chem. Soc., 9 , 1064, 1908. See also P. Duez, Bull, Assoc, tech. Fonderie, 

8 , 570, 1934; 8. Terrat, Documentat. Sci., 4 , 17, 1935; Chem. Zenir., ( 1 ), 3819, 1935. 

* A. W. Gregory, Chem, News, loo, 221, 1909; J. R. Cain and J. C. Hostetter, Joum. Ind. 
Eng. Chem., 4 , 250, 1912. The lower oxides of vanadium do not give the colour test. For 
other colour reactions, see L. Levy, Compt. rend., 103 , 1195, 1886; C. Matignon, ib., 138 , 
82, 1904; C, Reichard, Chem. Ztg., 27 , 1 , 1903; V. von Klecki, Zeit. anorg. Chem,, 5 , 374, 
1894; C. Laar, Ber., 15 , 2086, 1882; G. Witz, DingleFs Journ., 250 , 271, 1883; G. Witz 
and F. Osmond, Bull. Soc. chim., (2), 45 , 309, 1886; R. Wagner, Dingier' s Joum., 22 %, 
631, 1877; K. F. Mandelin, Pharm. Zeit. Russkmd, 22 , 346, 361, 377, 1883; F. Kundrat, 
Zeit. anal. Chem., zS, 709, 1889; Chem. Ztg., 13 , 266, 1889; M. Luoion, Compt. tend., 10 $, 
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determination of vanadium in the presence of titanium. It is based on the 
orange coloration which is developed when an acid solution of vanadic sulphate 
is brought in contact with strychnine. The solution is at first coloured deep 
violet; this gradually changes to an intense orange. The intensity of the 
orange coloration depends upon the amount of vanadium in the solution. The 
process gives fairly satisfactory results in the presence of titanium, molyb- 
denum and tungsten, but it is not satisfactory in the presence of iron. Of 
course the iron can be removed by fusion with sodium carbonate, and extrac- 
tion with water. The use of concentrated sulphuric acid is a very unpleasant 
feature in this process. 

It will be remembered that, if appreciable amounts of vanadium are 
present, the colorimetric process for titanium will be erroneous. The volu- 
metric processes are not sensitive enough for the traces of vanadium usually 
found in British fireclays, unless relatively large quantities are taken for 
analysis. 

§ 265. The Rapid Determination of Vanadium — 

Cain and Hostetter’s Process. 

The following volumetric method, due to Cain and Hostetter, enables a 
vanadium determination to be made in about half an hour. The process is 
based on the fact that vanadic acid can be quantitatively precipitated by 
ammonium phosphomolybdate, and the vanadium reduced to the quadrivalent 
condition by hydrogen peroxide without interferon (‘.e from the associated iron 
and molybdenum. The solution can then be titrated with permanganate in 
the usual way. 

The solution under investigation in an Erlenmeyer’s flask - containing 
possibly iron, titanium, chromium, vanadium, manganese— is heated to boiling 
and treated with ammonia; the precipitate is washed once or twice by decan- 
tation, and dissolved in nitric acid (sp. gr. 1*135). Boil the solution until it is 
free from fumes and oxidise it with ])otassium permanganate. Clear the 
solution by treatment with a slight excess of sodium sulphite solution, and 
boil the mixture until it is again free from nitrous fumes. Nearly neutralise 
the solution with ammonia and add an amount of a solution of sodium phos- 
phate ^ equivalent to ten times as much phosphorus as there is vanadium 
present. Heat the solution to boiling and add sufficient ammonium molybdate 
(page 672) to precipitate all the phosphorus added as ammonium phospho- 
molybdate. Agitate the solution for about a minute. The precipitate, which 
settles rapidly, is washed three times by decantation with hot (80°) acid 
ammonium sulphate solution.^ The washing liquid is filtered by suction 
through an asbevstos-packed Gooch crucible. The last washing should be 

1195, 1886; A. P. Vinogradov, Compt. rend. Acmi. Sci. 249A., 1931; V. A. Silber- 

mitz and L. V. Rozhkova, Journ. liuss. Phys. Chem. Sc)C.^ 59, 12], 1927; K. Rolchakov, 
Tzvetnuie Metal, 6 , 487, 1931; M, B. Zapadiiiskii and V. M. Zhogina, ib., 7, 513, 1932; 
1). Katakousinos, Prakiika, 4, 448, 1931; Ohem. ZetUr., (1), 845, 1932. For the colorimetric 
determination of vanadium with phosphotungstic acid, see A. P. Vinogradov, Compt. rend. 
Acad. Set. {(J.S.S.B.), 249A., 1931; E. B. Sandell, Ind. Eng. Chem. xinal. Ed., 8, 336. 1936; 
H. H. Willard and P. Young, Ind. Eng. Chem., 20, 765, 1928; E. R. Wright and M. G. 
Mellon, ib.. Anal. Ed., 9, 251, 1937; W. F. Hillebrand and G. E. F. Lundell, Applied In- 
organic Analysis, New York, 354, 1929; F. D. and C. T. Snell, Colorimetric Methods of 
Analysis, New York, i, 373, 1936. 

Sodium Phosphate Solution, — Dissolve 124 grams of Na2HP04 . 12H2O in a litre of 
water. 1 c-c. will precipitate 0 001 grm. of vanadium and it is equivalent to about 0*01 
grm. of phosphorus, G. P. Baxter, Ame/r. Chem. Journ., 28 , 301, 1902. 

* Acid Ammonium Sulphate Solution.— M ix 15 c.c. of aqueous ammonia (sp. gr. 0*9) 
with 1000 c.c. of water and 25 c.c. of sulphuric acid (sp. gr. 1*84). 
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decanted as com])letely as possible frotn the precipitate in the flask and the 
filter Slicked dry. (Iianj^e the filtration flask and draw hot concentrated 
sulphuric acid through the Clooch crucible by suction. This dissolves any of 
the precipitate on the filter. Transfer the sul})huric, acid solution to the flask 
in which the precipitation was made. Wash the filtration flask with con- 
centrated sulphuric acid. Every O-Ol grin, of phosjihorus requires a final 
volume of 5 to 8 c.c. of the sulphuric acid. Heat the contents of the flask until 
the preci])itate is all dissolved, add a few drops of nitric- acid (1 : 25), and in two 
or three minutes, when sulphuric acid fumes are coming off vigorously, remove 
the flask from the hot plate. When cold, add 3 per cent, hydrogen ])eroxide 
solution, in small quantities at a time, with vigorous shaking after each addition, 
until the solution assumes a deep brown colour owing to the action of the 
peroxide on the molybdate. The brown coloration gives way to a (^lear green 
or }>lue.^ Put the flask on the hot plate and, when the solution has been 
fuming four or five minutes, cool, add suflicient water to give an acidity 1 to 5 
by volume, 2 and titrate at a temperature between 70*^ and 80 as indicated in 
§ 262, page 536. 

§ 266. The Separation of Uranium.'* 

The filtrate from the silica, the pyrosulphate fusion or the hydrogtm sulphide 
precipitation^ is evaporated to about 100 c.c. and treated with an excess of 
ammonia,^ ammonium carbonate and afterwards with ammonium sulphide.^ 
The solution is stood overnight in a corked flask, filtered and tlie })recif)itate 
washed with water containing ammonium carbonate and sulphicb^ in solu- 
tion. The precipitate contains beryllium, titanium, zirconium and aluminium 

^ If the vaiiadiiut) he not reduced, traces of nitric acitl arc prol)al)lv prcstuit in the solution, 
sin(?e this acid oxidises quadrivalent vanadium. The nitric acid must be reniov’’ed by the 
fuming process. 

^ If the solution has a greater acridity than 1 : 2, the end-point will be uncta tain because of 
the deep yellow- colour which tjuinquevahmi vanadium imparts to concKuitrated sulphuric 
acid. A dilution of 1 : 5 gives a sharp end-point. 

® 8ee E. Einecke and Harms {Zvit. annL Chem., 99, 1 13, 11134) for a revi(‘W’ of methods 
for determining uranium; also (-. \V. Davis, V.S. Hur. Minify BulL, 212, vi, 199, 1923. 
M. F. Pisani, Compt. rend., 52, 106, I80J; C. Friedel and E. (^uiiienge, ib., 128, 532, 1899; 
Ainer. J. Science., (4), 10, 135, 19(X); G. Edgar, ih., (4), 25, 332, 1908; (4), 26, 79, 1908; 
H. P. Foullon, Jahrb, K. K. GeuL lieich/insf., 33, 23, 1887; C. Rammelslwrg, (Jhem. (h'utr., (3), 
15, 806, 1884; C. Zimmermanii, Liebiy'ff Ann., 213, 285, 1882; G. Alibigoff, ib., 233, 117, 
143, 1886; Zeit. anal. Chem., 26, 632, 1887; H. Weber, ib., 44, 420, 1905; A. llemeh^ ib., 
4, 379, 1865; 26, 631, 1887; H. Freseiiius and E. Hintz, lb.,S4t 437, 1895; A. Borntrager, ib., 
37* 436, 1898; C. Winkler, ib., 8, 357, 1869; Chem. News, 43, 153, 1881; A. Guyard, ib., to, 
13, 1864; A. C. Langmuir, ib., 84, 224, 1901; Jonrn. Amer. Chem. S(*c., 22, 102, 1900; A. N. 
Finn, ib., 28, 1443, 1906; Chem. News, 95, 17, 1907; (>. \\ Fritchle, ib., 82, 258, 19(X); A’wf/. 
Min. Journ., 70, 548, 19(K1; W. Gibbs, ZeAt. anal. Chem., 12 , 310, 1873; Amer. J. Science, 
(3)» 39» 1865; A. Patera, Dingler's Journ., 180, 242, 1866; Zeil. anal. Chem., 5, 228, 

1866; W. Trautmann, Zeit. angew. Chem., 24, 61, 1911; A. A. Iflair, Pn>r. Amer. Phil. Soc,, 
52, 201, 1913. 

* Boiled to expel hydrogen sulphide, filtered to get rid of sulphur and oxidised with 
nitric acid. For the hydrogen sulphide precipitation, the acidity should correspond with 
about 1 c.c. of concentrated hydrochloric acid (sp. gr. 1’20), or 1 c.c. of concentrated nitric acid 
(sp. gr. 1*42), per 50 c.c. of the solution to get a clean separation from lead, cadmium and 
copper. If much more acid be present, some lead will remain in solution, as indicated on 
page 272. 

* According to W. F. Hillebrand {Bull. U.S. Oeal. Sur., 78, 43, 1890), ammonia is necessary, 
otherwise the earths thrown down on neutralisation of the originally acid solution will be 
only partially redissolved. 

* H. Rose, Pogg. Ann,, 96, 352, 1865; Chem, News, 7, 159, 1863; 8, 99, 1863; Zeit, anal, 
Chem,, X, 410, 1862; W. Trautmann, Zeit. angew, Chem,, 24, 61, 1911; 25, 19, 1912. H. 
Boetticher {Zeit. anal. Chem., 43, 99, 1904) deals with the separation of metals precipitated 
with ammonium sulphide. For the basic acetate separation, see H. Kheineck, Chem. News, 
24, 233, 1871; A. Kernel^, Chem. News, 10, 123, 158, 1864. 
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hydroxides ^ and the hydroxides of the rare earths, also cobalt, nickel, zinc, 
ferric and manganese sulphides, if present. If much alkalies, alkaline earths, 
iron or manganese be present, dissolve the precipitate in acid and repeat the 
precipitation. Collect the filtrates together. The filtrate contains all the 
uranium (possibly as uranyl ammonium carbonate), along with alkalies and 
possibly traces of the alkaline earths. 

§ 267. The Gravimetric Determination of Uranium as 
Uranium Oxide. 

Evaporate the filtrate containing the uranium to dryness in order to get 
rid of the greater part of the ammonium carbonate. Acidify the residue with 
hydrochloric acid and a few drops of nitric acid; boil to expel all traces of 
carbon dioxide; filter off the sulphur which separates; add ammonia, free 
from carbonate,^ until the boiling solution is alkaline towards methyl red. A 
lemon-yellow voluminous precipitate of ammonium uranate - (NH4)2U207. 
nHgO — separates.^ The precipitate rapidly becomes less bulky, darker in 
colour and more easy to filter and wash; but at best, it filters with difficulty.^ 
Wash the precipitate with a 2 per cent, solution of ammonium nitrate. 

When the precipitation is made with ammonia in the presence of alkalies 
or alkaline earths, the ammonium uranate is sure to be contaminated with 
these bases. ^ Hillebrand found that, on precipitation from hot solutions in the 
presence of ammonium chloride, the ammonium uranate was almost free from 
alkalies when the preci])itatiou was carried out twice; and after three pre- 
cipitations the uranate was })ractically pure. 

The precipitate is ignited in a porcelain ® or platinum crucible with the filter- 
paper, slowly at first so as to burn the paper, then for 15 minutes, or to constant 

* G. Losekanii {Her., 12, ofj, 1881) deals with the precipitation of aluminium and chromium 
by alkali sulphides. 8ee L. Storeh (/6., 16, 2014, 1885) for the precipitation of iron by 
alkali sulphides, and d. A. Norblad (Bull, Boc. chirn., (2), 23, 64, 1875) for the separation 
of vanadium. 

* It is essential that (carbonates and organic matter be absent, as both prevent the pre- 
cipitation of uranium. Organic matter, if present, can destroyed by evaporation almost 
to dryness with an excess of concentrated sulphuric acid, prior to precipitation. Ammonium 
uranate is soluble in alkali (;arbonates and also slightly soluble in water; but it is not 
soluble in water containing ammonia, ammonium nitrate or ammonium chloride. The 
presence of tartaric acid, oxalic acid and many other non-volatile organic acids prevents the 
precipitation — R. Fresenius. If iron be separated from uranium by ammonium carbonate, 
the inm is free from uranium, but the uranium contains iron. The t aces of iron can be 
removed from the precipitate of ammonium uranate by digestion with ammonium carbonate 
and filtration, when the uranium passes into the filtrate — G. L. Kelley, F. B. Meyers and 
C. B. Illingworth, Journ. Ind. Emj. Chem., ii, 316, 1919. 

® When precipitated by sodium hydroxide, the precipitate, washed free from alkali, has 
the composition 2Na20.5U03 — J. Metzger and M. Reidelberger, Journ, Amtr, Chem, Soc.^ 
31, 1040, 1909. Ammonium sulphide may also be used in place of ammonia, but is said to 
give high results as, on ignition, partial oxidation to sulphate occurs — C. A. Pierle, Journ, 
Ind, Eng, Chem,, 12, 60, 1920. For precipitation by tannin, see R. N. Das-Gupta, Journ, 
Indian. Chem. Soc., 6, 763, 111, 1929; by ethylenediamine, d. A. Siemssen, Zeit. anal. Chem., 
52, 773, 1913; by hydrogen peroxide, M. Wunder and P. Wenger, Zeit. anal. Chem., 53, 371, 
1914; by 8-hydroxyquinoline, F. Heoht and W. Reich-Rohrwig, MmiaU., 53 and 54, 596, 
1929; by pyridine, E. A. Ostroumov, Ann. Chim. anal. Chun. appL, 19, 89, 1937; Zavadskaya 
Lab., 6, 16, 1937. 

* W. F. Hillebrand and G. E. F. Lundell {Applied Inorganic Analysis, New York, 369, 
1929) recommend the addition of a macerated 7 cm. filter-paptjr after precipitation to assist 
in the filtration. 

* R. Fresenius, Quantitative Chemical Analysis, London, i, 533, 1876; W. F. Hillebrand, 
Amcr. J. Science, (4), xo, 136, 1900. 

® R. Schwarz {Helv. Chim. Acta, 3, 330, 1920) says that if ignited in a platinum crucible, 
reducing gases tend to pass through the platinum and reduce the oxide. 8ee also 0* Zimmer- 
mann, Liebig* s Ann., 232, 273, 1886. 

35 
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weight, at a temperature not exceeding 900°.^ Finally, let the precipitate cool 
slowly in a gradually decreasing flame. The crucible is kept in a slanting 
position to ensure a free circulation of air. The crucible is finally cooled in the 
desiccator, and the uranium weighed as the dark green or velvety black powde^r 
of the oxide — U 30 g.^ The filtrates contain lime, magnesia, alkalies and 
possibly some of the rare earths. 

Separation of the Rare Earths and Calcium from Uranium.^ ~~ Ah mentioned 
above, if rare earths and calcium be present, some may be found with the 
precipitated ammonium uranate. In such cases the ammonia precipitate is 
dissolved in a slight excess of hydrochloric acid. The rare earths, also the 
bulk of the calcium, are now precipitated by adding a slight excess of a saturated 
solution of oxalic acid, followed by a little ammonium oxalate to reduce the 
amount of free mineral acid present, but excess must be avoided. The pre- 
cipitate is filtered off and washed with 1 per cent, oxalic acid solution. The 
oxalate precipitate is converted to chloride and reprecipitated. The combined 
filtrates are evaporated to dryness and the oxali(^ acid destroyed by ignition. 
The residue is taken up in hydrofluoric acid, evaporated nearly to dryness and 
any rare earth fluorides which may separate are filtered off and washed with 
dilute hydrofluoric acid. The final filtrate is evaporated to dryness, the 
hydrofluoric acid fumed off* with sulphuric acid, the residue taken up in nitric 
acid and the uranium precipitated with ammonium hydroxide. The rare 
earths and calcium can subsequently be separated by ammonium hydroxide. 


§ 268. The Gravimetric Determination of Uranium as 
Uranium Phosphate. 

Owing to the uncertainty in obtaining an oxide of constant composition 
when ammonium uranate is ignited, many prefer to precipitate the uranium as 
phosphate.^ The old objection that the precipitate is too slimy to filter and 
wash readily does not apply if the precipitation be made as described below. 
Dissolve the oxide in dilute nitric acid.-'* Add ammonia until a pre- 
cipitate just begins to form. Add just the right amount of nitric acid to clear 
the solution and then a tenfold excess of microcosmic salt, dissolved in a. little 
water, together with 10 grms. of crystalline sodium thiosulphate.® The 

^ According to A. Colani (Ann. Chim, Phys.y (8), 12, 59, 1907), the dissoctiation pressure 
of uranoso-uranic oxide, UgOa, is 157 mm. at 940^^, and this is also the partial pressure of 
oxygen in the air. Thus apprticiable dissociation will occur if the oxide be (ialcined at 
temperatures much higher than this. Compare R. Schwarz, l.c. 

* This usually contains some patches of a yellowish-brown colour. As a check, Hille- 
brand and Lundell {Ajrplmi Inorganic Analysis, New York, 309, 1929) recommend deter- 
minations of the UOg and total uranium content of the precipitate, espt^cially when the 
uranium was originally associated with elements which might escape complete separation. 

’ W. F. Hillebrand and G. E. F. Lundell, Applied Inorganic Analysis, New York, 407, 1929. 

^ C. Leconte, Pharm. Joum., 13, 80, 1854; M. F. I'isani, Chem. News, 3, 211, 1861 ; Oompt, 
rend., 52, 72, 107, 1861 ; W. Knop and R. Arendt, Chem, Centr., 737, 769, 803, 1856; E. F. 
Kern, Journ. Ajner. Chem. 80 c., 23, 685, 1901; C. A. Pierle, Journ. Jnd. Eng. Chem., 12, 60, 
1920; R. Coomans, Iruj. chim., 10, 213, 1927. R. iSchwarz (Helv. Chim. Acta, 3, 330, 1920) 
says that the separation of uranium as uranyl phosphate from alkali metals is impracticable 
owing to the fineness of the precipitate. 

* Sulphuric acid is used if the precipitate is to be evaluated volumetrioally, as described 
later. 

* In the event of lime and magnesia being present, acidify the solution with acetic acid; 
add 6 c.c. of concentrated ammonium acetate to prevent the precipitation of calcium phos- 
phate. Lime is determined in the filtrate by neutralising most, but not all, of the free acetic 
acid, and precipitation as oxalate and determination as sulphate (H. Brearley, The Analytical 
Chemistry of Uranium, London, 24, 1903). The magnesia is determined in the filtrate as 
usual. 
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solution becomes yellow and deposits a voluminous precipitate. Boil about 
15 minutes. The precipitate then coagulates and settles rapidly. The pre- 
cipitate is readily washed by decantation with water containing a little ammon- 
ium nitrate.^ Transfer the precipitate to a Gooch crucible containing 
ignited asbestos, wash and dry. Ignite the precipitate at a red heat for 10 to 
20 minutes. 2 If the precipitate be greenish coloured,® add a few drops of 
nitric acid (say, sp. gr. 1-42), dry over the flame and re-ignite at low redness 
over a Bunsen burner. The lemon-yellow compound ( 1102 ) 2 ^^ 2^7 formed 
on ignition. Multiply its weight by 0*7862 to get the equivalent amount of 
UyOg. The precipitate is somewhat hygrosco])ic and must not be needlessly 
exposed to the air before weighing. 

In illustration of the results which can be obtained by preci])itating uranium 
nitrate solutions, containing the equivalent of 0*1925 grm. of uranium, with 
microcosmic salt, Kern gives: 

0*1921; 0*1927; 0*1925; 0*1905; 0*1903; 0*1921; 0*1918 grm. 

§ 269. The Separation of Uranium as Uranium Ferrocyanide— 
Fresenius and Hintz^s Process. 

When phosphoric and arsenic acids are present, separation by the ordinary 
methods presents many difficulties and, in general, wdien members of the 
hydrogen sulphide group are present, the sulphide precipitate must be re- 
dissolved and reprecipitated a number of times to eliminate the uranium. 
Phosphoric acid too ])revents clean separations of iron and uranium. 

In this special case, Fresenius and Hintz ^ add an excess of potassium ferro- 
cyanide to the slightly acid filtrate from the silica and saturate the liquid with 
sodium chloride to facilitate the flocculation of the precipitated uranium, 
copper and iron ferrocyanides. Otherwise the precipitate is exceedingly 
difficult to filter and wash. Wash the precipitate first by decantation and then 
on the filter-paper with a solution of sodium chloride. Digest the precipitate in 
the cold with dilute potassium hydroxide and, when the transformation of the 
ferrocyanides to hydroxides is complete, decant the liquid and wash the precipi- 
tate with water containing ammonium chloride and ammonia until ferrocyanide 
can no longer be detected in the acidulated filtrate. Dissolve the precipitate 
in hydrochloric acid® and, if necessary, concentrate the solution by evaporation. 
Neutralise the greater part of the acid with ammonia, add ammonium carbonate 
to the clear liquid, digest for some time in the cold, filter and wash the ferric 
hydroxide with water containing a little of the filtrate. Heat the filtrate to 
expel most of the ammonium carbonate, acidify with hydrochloric acid and boil 
the solution so as to dissolve the yellow fiocculent precipitate. Remove copper 
from the solution by passing hydrogen sulphide through the hot liquid. The 
uranium can be determined in the filtrate as usual — page 545 or 546. See 
footnote 2, page 545, for the removal of traces of iron from uranium. 


^ Test the filtrate for uranium with potassium ferrocyanide. 

* The calcination of uranium phosphates in platinum crucibles leads to their rapid 
deterioration — A. Oolani, Ann, Ckim, Phys,^ ( 8 ), 12 , 59, 1907. 

® This is always the case if the ignition temperature be rather high. The green precipitate 
is generally supposed to be UjOg.PiOy. 

^ R. Fresenius and E. Hintz, ZeU, anal, Chem.f 34 , 437, 1895; Chem. News, 72 , 206, 1895. 

* If any ferrocyanide remains undissolved, repeat the treatment. 
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§ 270. The Separation of Vanadium and Uranium - 
Scott’s Process. 

This |)rocess is based on the fact that uranyl nitrate is readily soluble in 
glacial acetic acid, containing nitric acid in the proportion of 1 : 20, whereas 
vanadium pentoxide is insoluble in the same menstruum.^ The mixed solu- 
tion is evaporated to dryness with excess of nitric acid, or in the case of an ore, 
e.g. carnotite, 0-5 grni. is similarly evaporated with 40 c.c. of nitric acid (I : 1). 
The residue is ignited and then boiled for 5 minutes with 25 c.c. of acetic- 
nitric acid mixture (20 : 1). After filtration, the filtrate is again evaporated to 
dryness, re-ignited and re-extracted with 15-20 c.c. of the acid mixture to 
remove the last traces of vanadium. The combined filtrates are evaporated 
to dryness, the residue dissolved in nitric acid (1:4) and heavy metals, 
other than uranium, precipitated by ammonia and ammonium carbonate 
in the cold. The filtrate is acidified with nitric acid, boiled to exjiel carbon 
dioxide and the uranium precipitated as ammonium uranate- - page 545. 


§ 271. Belohoubek’s Volumetric Process for Uranium. 

In 1867, Belohoubek ^ devised a method for the volumetric determination of 
uranium based on the reduction of uranic salts (UOjj) to uranoiis salts (UOg) by 
means of zinc in acid solution, precisely in the same way that ferric salts are 
reduced, and, as with iron, subsequent titration with jiermanganate to re- 
oxidise the uranous salts. The reducing action is rejiresented: 

UO2SO4 a, + H2S04= u(S04)2 + 2H2O 

There is not a general agreement as to the accuracy of the results. Some 
consider that zinc reduces further than the UO 2 stage, and that the reduced 
solution must be exposed to the air to re-oxidise it to llOg before the perman- 


^ E. I’eligot, Ann. Chim. Fhyfi.^ (3), 5» 1842; C. A. Picrle, Journ. I ml. Kng. Chein., 12 , 

60, 1920; W. VV. 8 cott, # 6 ., 14 , 531, i922; ib. A'nal. Ed.y 4 , 244, 1932. For the separation 
of vanadiiiin and uranium by cupferron, see W. A. Turner, Amer. Journ. Sci., (4), 42 , 109, 
1916; for separations from titanium and zirconium, also by cupferron, A. Angeletti, Ann. 
Chim. appl.y 17 , 53, 1927; Oazz. Chirn. Ital., 51 , ( 1 ), 285, 192i. For the cupferron precipita- 
tion of uranous uranium, sc‘e V. Auger, Cotnpt. rend.y 170 , 995, 1920; for the separation of 
uranium and beryllium, M. Wunder and P. Wenger, Zetl. anal. Chem., 53 , 371, 1914; from 
thorium and rare earths, W. Riss, Chem. Ztg., 47 , 765, 1923; from complex mixtures — 
W, Or, Ni, Co, Fc and V, see H. Konig, Chem. Ztg.y 37 , 1106 , 1913; from Zr, Ta, Cb, Ti, Fe, 
Mn, Pb, 811 , Cu, Ni and Cr — D. Guimaraes, Ann. Acad. Braml. Sci.y 1 , 198, 1929. 

* A. Belohoubek, Journ. prakt. Chem., ( 1 ), 99 , 231, 1867; Zeit. anal. Chem., 6 , 120, 1867; 
O. Follenius, ib., u, 179, 1872; C. Zimmermann, Liebig's Ann., 213, 285, 1882; F. Tbbotson 
and S. G. Clarke, Chem. News, 103 , 146, 1911; E. de M. Campbell and C. E. Griffin, Journ. 
Ind. Eng. Chern., i, 661, 1909; W. D. Engle, Western Chem. Mel., 4 , 450, 1908; A. A. Blair, 
Proc. Amer. Phil. Soc., 52 , 201, 1913; V, Auger, Compt. rend., 155 , 647, 1912; H. D. Newton 
and J. L. Hughes, Journ. Amer. Chem. Soc., 37 , 1711, 1915; D. T. Ewing and E. F. Eldridge, 
ib., 44 , 1484, 1922; N. H. Furman and 1. C. Schoonover, ib., 53 , 2561, 1931; 1). T. Ewing 
and M. Wilson, ib., 53 , 2105, 1931; I. M. Kolthoff and J. J. Lingane, ib., 55 , 1871, 1933; 
G. E. F. Lundell and H. B. Knowles, ib., 47 , 2637, 1925; M. A. Luyckx, Bull. Soc. chim. 
Belg., 40 , 269, 1931; B. C. Hatt, Zeit. phys. Chem., 92 , 513, 1918; T. Nakazono, Journ. 
Chem. Soc. Japan, 42 , 761, 1921; S. Kikuchi, ib., 43 , 644, 1922; N. Kand, ib., 43 , 560, 1922; 
W. D. Treadwell and M. Blumenthal, Helv. Chim. Acta, 5 , 732, 1922; E. Schwarz, ib., 3 , 330, 
1920; K. Someya, Zeit. anorg, Chem., 152 , 368, 1926; Sci. Rep. Tdholcu Imp. Univ., 1$, 
399, 1926; G. Scagliarini and P. Pratesi, Ann. Chim. appl, 19 , 86 , 1929; V. A. Matula, 
Chem. Obzor., 6, 124, 1931. 
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ganate titration is niade.^ Kern, however, states that the reduction does 
not proceed beyond the UOg stage when sulphuric acid is used, even upon five 
hours’ boiling.^ 

The washed precipitate of, say, ammonium uranyl phosphate is dissolved in 
sulphuric acid, and the uranyl sulphate, UO2SO4, reduced with zinc, magnesium, 
copper or aluminium,® the amalgams of zinc, cadmium or bismuth, titanous 
sulphate or electrolytically, to uranous sulphate in an excess of sulphuric acid. 
According to Kern, the ratio of the volume of free sulphuric acid to the total 
volume of the solution should not be less than 1 : 5, nor more than 1 : 6. 
During the reduction, the colour of the solution passes from yellow to light 
green and finally to a green tinged with blue. This colour is retained (jveii 
when the reduction has been in progress for four hours. Owning to the fact 
that there is no satisfactory test to determine w^hether all the uranyl sulphate 
has been reduced, it is best to let the reduction proceed for about an hour.^ 
Dilute the solution w'ith distilled water until it is almost colourless. Allow the 
solution to stand in contact with the air with occasional shaking and then 
titrate with N-potassium permanganate ® until a permanent j)ink blush remains 
suffused through the solution. The oxidation by the permanganate is 
represented l)y the equation : 

511(804)2 + 2KMn04 + 2H2O = 5UO28O4 -f 2Mn804 + 2KHS()4 + II28O4 

In illustration of the results obtained with solutions of known strength, wuth 
zinc reduction, the following numbers might be quoted: ® 

D«e.d . . 0-15406 0-15464 0-09643 0-19286 0-23050 grm. 

Found . 0-15400 0-15400 0-09625 0-19250 0-23100 grm. 


* 0 . S. Pullman, A}nvr. J. Scieytccy (4), 16 , 229, 1903; H. M. Ooettscth, Jouru. Amer, 

Cho.m. Soc., 28 , ir>41, 1906; H. N. McCoy and H. H. Hiinzel, //>., 31 , 367, 1909; W. I). Tread- 
well and M. Blumenthal, l.r.; N. H. Furman and I. C. Schoonover, Lc. If the solution be 
titrated eleetrometrically, any over-reduction is immaterial since the oxidation potential 
curve shows a break at the staj^e and a second break at the stage 

hence the volume of the reagent added l^-tween the two breaks is a measure of the uranium 
present. If iron be present, a third and final break in the curve is given at the stage 
thus iron and uranium can be determined sinniltaneouslv — D. T. Ewing and 
E. F. Eldridge, I.c.; D. T. Ewing and M. WUson, lc.; N. H. Furman and I. C. Schoonover, 
Lc. For other methods for determining uranium in the presence of iron, sec^ S, Kikuchi, 
Journ. Chew. *SV. Japan, 43 , 544, 1922; V. A. Matula, Chew. Ohzfjr., 6 , 124, 1931; W. R. 
Bennett, Journ. Amcr. Chrm. Soc., 56 , 277, 1934. On account of the possibility of over- 
reduction, both C. A. Pierk* {Journ. Imi. Kng. Chem., 12 , 60, 1920) and H. Coomans {In^. 
chim., 10 , 213, 1927) condemn the volumetric process with permanganate. 

^ E. F. Kern, Journ. Amer. Chem. Soc., 23 , 685, 1901 ; Chem. News, 84 , 224, 236, 250, 260, 
271, 283, 1901; E. de M. Campbell and C. E. Griffin, ib., loi, 7 , 1910; Journ. Ind. Enq. 
Chem., I, 661, 1909. 

® According to Kern {Lc.), the results with zinc, magnesium and aluminium are the 
same. Magnesium reduces fastest, zinc slowest. The reductor also gives satisfactory results. 
Kern did not get satisfactory results with stannous salts. Hydrochloric acid is also 
objectionable. Nitric acid must necessarily be absent. 

* Kern says that 1 hour is sufficient for 0-1 grm. of uranium, 1 J hours for 0-2 grm. uranium. 
® According to C. E, Griffin {Min. Etig. World, 37 , 247, 1912), permanganate solutions not 

exceeding 0-05N in strength give a sharper end-point than more concentrated solutions. 
W. R. Bennett {Journ. Amer. Chem. Soc., 56 , 277, 1934) notes that the colour change of 
permanganate in cold, coloured solutions is remarkably intensified by the addition of a little 
diphenyiamine sulphonic acid. 

* For interference of titanium, see V. Auger, Compt. rend., 155 , 647, 1912; W. 11. Bennett, 
Journ. Amer. Chem-. 80 c., 56 , 277, M134. If titanium be present, add a large excess of sodium 
tartrate and r^uoe with titanous chloride, using nitro-induline as indicator; then titrate 
the uranium with a ferric salt in acid solution, using potassium thiocyanate as infficator. 
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Volumetric Determination of Uranimn and Vanadium, — Sulphur dioxide 
does not reduce uranyl solutions. Hence vanadium can be determined 
volu metrically in presence of uranyl salts. Griifin ^ tried to determine one in 
presence of the other by first reducing with sulphur dioxide and titrating with 
permanganate and then reducing both by zinc and titrating. By subtraction, 
the amount of permanganate required for the oxidation of each is found. 
Diffi<mlties were encountered owing to the fact that, while zinc reduces the 
vanadic salts, V2O5, to vanadous salts, V2O3, the latter are nearly fully oxidised 
by air before one can titrate, no matter how rapidly the work is done. Re- 
duction in the reductor, fig. 69, page 173, gave good results, but even then it is 
essential to keep an atmosphere of carbon dioxide above the liquid in the flask. 
The method is otherwise similar in principle to those indicated on pages 539 to 
540 for vanadium and molybdenum, and for vanadium and iron.^ 

Evaluation of Commercial Salts. — Sodium uranate and uranium oxides, 
soluble in sulphuric acid, can be treated in a similar manner. There is a 
difficulty in dissolving the oxide U30g. It dissolves very slowly in sulphuric 
acid. In that case, a little nitric acid, say 20 c.c. of concentrated acid, facili- 
tates the dissolution. The solution must then be evaporated nearly to dryness 
to drive off the nitric acid, before the reduction and permanganate titra- 
tion.^ 

Hillebrand ^ effects solution by heating, say, 0*2 grm. of the oxide in 10 to 15 
c.c. of sulphuric acid (free from nitric acid), at 150"^ to 175°, in a sealed glass 
tube. The dry powder is placed in a thick glass tube, scaled at one end and 
the sulphuric acid (water 6, acid 1) ® added through a long-stemmed thistle 
funnel, so as to keep the open end of the tube dry. When any carbon dioxide 
has had sufficient time to escape, draw out the open end in the blast blowpipe 
to a capillary point and seal off* the tip. After digestion in a suitable 
furnace so that there is no risk if the tube bursts, let the tube cool, open by 
scratching the capillary end with a file and applying a hot glass rod. Wash 
the contents of the tube into a beaker, reduce with zinc and titrate with 
permanganate as described above. 

In analyses of caniotite and uranium ores by different analysts, considerable 
variations — sometimes over 100 per cent. — appear in the amount of uranium. 
The ore does not contain a very large percentage of uranium and, if the amount 
falls below 2 per cent., the ore does not sell readily. Hence a small error may 
mean the difference between selling and not selling.® Commercial analyses 
of pitchblende to determine its value as an ore are usually stated in terms of 


1 C:. E. Griffin, Min. Eng. World, 37 , 247, 1912. 

2 If uianium and vanadium occur together, A. N. Finn {Joum. Amer. Chem. Soc., 28 , 
1443, 1906) proceeds as follows : — The boiling solution is precipitated with an excess of sodium 
carbonate and the precipitate is dissolved in sulphuric acid and roprecipitated to eliminate 
traces of ui'anium. The combined filtrates, containing the uranium and vanadium, are heated 
to boiling and the uranium precipitated by adding 0*5 grm. of ammonium phosphate, followed 
by a slight excess of ammonia. Dissolve the washed precipitate in sulphuric acid and 
determine the uranium by the volumetric process (page 548). The filtrate is acidified with 
sulphuric acid and the vanadium determined volumetrically (page 636). 

® For the rate of oxidation of uranous solutions, see H. N. McCoy and H. N. Bunzel, 
Joum. Amer. Chem. 80c., 31 , 367, 1909. 

* W. F. Hillebrand, Bull. U.8. Oeol. Bur., 78 , 90, 1889. 

* With much stronger acid, Hillebrand obtained green crystals of a complex uranium salt 
in the sealed tube. 

« W. F. Hillebrand and F. L. Ransome, Amer. Joum. Set., (4), 10 , 144, 1900; BuU. U.8. 
Qeol. Bur., 262 , 30, 1905; R. B. Moore and K. L. Kithil, Bull. U,8. Bur, Minu, 70 , 82, 1913. 
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UO 2 . 2 UO 3 , UyOg. This is an arbitrary assumption for the convenience of 
commerce.^ 

§ 272. Operations with Sealed Tubes. 

Closing One End . — A piece of glass tubing — between 35 and 40 cm, long and 
16 “17 mm. internal diameter, with walls over 3 mm. thick — is carefully sealed 
at one end so that the glass is not thickened into a blob. If a l)lob does form, 
it can generally be removed by alternately heating and blowing. Tubes ready 
sealed at one end can be purchased from the dealers. 

Charging the Tnbe . — The tube is washed (page 29) and dried. The dry 
powder under investigation is introduced into the tube so that the powder 
does not touch the side of the tube near the open end. The necessary acid is 
added by means of a long-stemmed funnel without wetting the sides of the tube 
near the open end. 

Sealing the Tube . — About 5 cm. of the glass at the open end is very gradually 
heated by revolving it for several minutes in the smoky flame of a gas blowpipe. 
The tube is held inclined at an angle of 
about 45°. The blast is gradually turned 
on and the tube revolved until the glass 
begins to soften. One end of a glass rod, 
about 13 cm. long, is pressed against the ^ 
edges of the glass tube — a, fig. 114. The 
blow})ipe flame is reduced to about 8 or 7 
10 cm. length, and directed at a point 
about 2 or 3 cm. away from the end to 
which the glass rod is attached. All the C 
time the tube is being heated, it is slowly jU.-Three Stages in Sealing 

revolved so that the glass is heated as Ute Tube, 

uniformly as possible, but -not drawn 

out.2 The glass begins to thicken and the inside diameter of the tube contracts 
(see the photograph, fig. 115). When the inside diameter of this part of the 
tube has contracted to about 3 mm., the tube is withdrawn from the flame and 
the thickened portion is drawn out to form a capillary end — b, fig. 114. In a 
few seconds, when the capillary has cooled until it is rigid, seal the tip as shown 
at c, fig. 114. The tube is allowed to cool, capillary end upwards. 

Heating the Sealed Tube . — The sealed tube is then placed in a metal cylinder 
with a screw ca]). The metal cylinder is placed in a cold tube furnace — 
Meyer’s, Gattermann’s, Volhard’s, Habermann’s.^ The tube furnace is 
gradually heated to the desired temperature. The furnace is placed so that no 
damage will be done if the tube bursts. The gas is extinguished when the tube 
has been heated long enough and the tube allowed to cool. 


^ For a colorimetric process for uranium, based upon the yellow colour produced by 
potassium ferrocyanide in the presence of uranium salts, see A. Bruttini, Oazz. Chim. Ital.^ 
3 , 251, 1893; M. Tissierand H. Benard, Compt. rend. Sw.. biol.^ 99 , 1144, 1928; J. Tschernichov 
and E. Guldina, Zcii. ana!. Chem.^ 96 , 257, 1934. The coloration is p(*rceptible with 0-0()CK)l 
grm, of uranium in 1 c.c. For the use of salicylic and gallic acids in the colorimetric deter- 
mination of uranium, see A. Muller, Chem. Ztg., 43 , 739, 1919, and R. N. Das-Gupta, Jmirn. 
Indian Chem. Soc.^ 6 , 763, 777, 1929, respectively; for quinaldinic aci<l, P. Ray and M. K. 
Bose, ZieM. anal. Chem., 95 , 400, 1933. 

* Hard glass tubes are not usually thickened, but drawn out at once into a wdde capillarj^ 
about 14 cm. long. The flame is directed at the base of this capillary, and the glass gradually 
drawn out so as to form a capillary 2 or 3 cm. long. This is sealed off at the tip. An oxy-coal 
gas flame gives the best i-esults with hard glass. 

® L. Meyer, Bet., 14 , 1087, 1883; J. Volhard, Liebig's Ami., 284 , 233, 1895; J. Haber- 
mann, ZeiL mial. Chem., 13 , 1 ^, 1874. 
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Opening the Sealed Tube . — ^When quiU cold, withdraw the tube from the iron 
casing so that the capillary end, and only the capillary end, projects. If the 
reaction in the tube is such as to develop gas, place the tip of the capillary in 
the Bunsen jflaine so as to drive out any liquid which has condensed there. 



Fia. Ilf). — Sealing the Glass Tube. 

Then heat the tip until the glass softens. The j)re88ure inside the tube blows a 
vent-hole in the glass. When the pressure is relieved, and not before^ withdraw 
the tube from its metal casing, file a mark on the glass tu[>e about 2 cm. below 
the base of the capillary and touch the file mark with the red-hot tip of a drawn- 
out piece of glass tubing. The tube will crack, and the crack is carried round 
the tube by means of the hot glass tip. The end of the tu!)e is then removed. 
The tube is kept as nearly horizontal as possible during this o])eration, so as to 
prevent fragments of glass dropping into the tube. The contents of the tube 
are then washed into a beaker and treated as required. 





CHAPTER XXXV. 


ZIRCONIUM, THORIUM AND THE RARE EARTHS. 

§ 273. The Detection and Separation of Zirconium, 

Minute quarititiefi of zirconium occur in n^any if not most silicates of the type 
of Cornish stone.^ Zirconia is also used as a constituent of certain white 
enamels and opaque glazes, and in special cases as a high temperature refractory 
material. In the regular course of a silicate analysis, zirconia appears with 
the ammonia or ammonium sulphide precipitate and, if ignored, would be 
reported as alumina. If the zirconia is to be determined, its weight must be 
deducted from the weight of the alumina as determined by the method of 
pages 164 and 198. 

The presence of zirconia in a silicate or other material must first be estab- 
lished by qualitative test, otherwise any gravimetric procedure may be a 
sheer waste of time. 

Tests for Zirconium. (1) Biltz and Mecklenburg' s Test ,^ — Fuse a small 
quantity of the substance, free from phosphates, with sodium carbonate on 
a loop of platinum wire in an oxidising flame. When the action is complete, 
cool and decompose the bead by digCvstion with 10 per cent, (by volume) 
sulphuric acid. Just bring to the boil and filter off‘ any undecomposed 
material or silicic acid which may separate out at this stage. Cool, add 
a moderate excess of pure hydrogen peroxide to peroxidise titanium, if present, 
followed by a generous excess of disodium phosphate, A gelatinous precipitate 
shows the presence of zirconium.® Iron, aluminium, the rare earths, thorium, 
beryllium and peroxidised titanium do not interfere, but tin must be absent. 

(2) Bellucci and Savola'fi Test .^ — In applying this test hydrochloric acid 
alone must be present. Hence to the acid solution (other than hydrochloric 
acid) add an excess of ammonia, filter and wash. Dissolve the precipitate in 
warm hydrochloric acid (1 in 3) and to the solution add an equal volume of a 
1 per cent, solution of j8-nitroso-a-naphthol in 95 per cent, alcohol. The 
presence of zirconium is shown by a red coloration. Aluminium, titanium, 
thorium, cerium and lanthanum salts give no colour, but iron should be absent. 
The limit of the test is 0*05 mgrm. ZrOg per c.c. 

(3) de Boer's Alizarin sulphonic acid gives a violet colour with 

zirconium, aluminium, yttrium, cerium, erbium, thallium, columbium, 


^ For the rarer constituents of clays, including zirconia, see A. Fioletov, Keram, Rundsch., 
35 , 270, 1927; 37 , 659, 1929. 

* W. Biltz and W. Mecklenburg, Zeit. angew. Cherniy 25 , 2110, 1912. 

• A gradual separation of silicic acid from the solution on standing must not be mistaken 
for zirconium phosphate. 

* I. Bellucci and G. Savola, AUi /. Congr. naz, Chim, pur, appL, 483, 1923; Chem. Zentr,y 
(1), 2531, 1924. 

• J. H. de Boer, Chem, Weekb,, 21 , 404, 1924; Rec, Trav, chim,, 44 , 1071, 1926. 
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tungsten, titanium, thorium, molybdenum and uranium, but all colour 
reactions disappear, except that with zirconium, if concentrated hydrochloric 
acid be added. Fluorides must be absent, since even traces turn the reddish- 
violet colour, given by zirconium, to yellow. 

(4) FeigVs TeM } — Hydrogen peroxide is first added to the hydrochloric 
acid solution of the material under test, to inhibit the interference of titanium, 
molybdenum and tungsten, if present. A drop of the solution is then placed 
on a filter-paper which has been impregnated in a solution of 0*1 grm. of 
p-dimethylaminoazophenylarsinic acid in 5 c.c. of concentrated hydrochloric 
acid and 100 c.c. of alcohol. The paper is then immersed for a short time in 
2N-hydrochloric acid at 50° -60®, to dissolve the excess of reagent from it. 
A brown spot, insoluble in the acid, indicates zirconium. The sensitivity is 
of the order of 1 in 500,000. Very few substances are said to interfere seriously 
with the test. The brown stain, given by stannic salts, does not result if the 
concentration of the acid be increased.^ 


§ 274. The Gravimetric Determination of Zirconium 
as Phosphate.^ 

As indicated above, in a normal silicate analysis zircon ia, if present, will 
appear in the ammonia pretnpitate and will be weighed with the other mixed 
oxides. Subsequently, on fusion with pyrosulphate, it will pass into the stock 
solution as sulphate. Hence, after the colorimetric determination of iron 
and titanium (pages 185, 189), the remainder or an aliquot part of the stock 
solution, depending on the amount of zirconia present, is taken and any 
platinum, which may have passed into solution by the action of the j)yro- 
sulphate on the walls of the crucible, is precipitated by saturating the liquid 
with hydrogen sulphide at 40® 50®.^ After filtration and washing, the excess 
of hydrogen sulphide is removed by passing a current of hydrogen through the 
warm liquid. An excess of pure hydrogen ])eroxide is added to peroxidise 
any titanium in the solution ; it is essential that an excess be always present 
(luring the subsequent precipitation of the zirconium, otherwise titanium 
phosphate will be precipitated, Sufficient concentrated .sulphuric acid 
(sp. gr. 1-84) is now added so as to bring the total amount of free sulphuric 
acid in the solution up to about 11 per cent, by volume— that is approximately 


^ F. Feigl, P. Krumholtz and E. Rajmann, Mikrochvrn.y 9 , 395, 1931. 

* It must be borne in mind that most, if not all, of the above tests will probably be given 
by hafnium — e.g. the phosphate test — hence they do not servo to discriminate between 
zirconium and hafnium. For other tests for zirconium, see F. Pavelka, Milcrochem,^ 4 , 199, 
1926; 8 , 345, 1930. 

* G. Steiger, Jemm. Wash. Acad. Sci., 8 , 637, 1918; P. Nicolardot and A. H^glade, Oompt. 
rend., 168 , 348, 1919; G. E. F. Lundcll and H. B. Knowles, Jourv. Amcr. Chem. 41 , 
1801, 1919; 42 , 1439, 1920; J. Brovm and H. T. Madden, ib,, 42 , 36, 1920; G. Hevesy 
and K. Kimura, ib., 47 , 2540, 1925; J. H. de Boer, Zeit. anorg. Chem., 144 , 190, 1925; O. Ruff 
and E. Stephan, ib., 185 , 217, 1929; W. F. Hillebrand and G. E. F. Lundoll, Applied Inorganic 
Analysis, New York, 446, 1929; H. F, Harwood, Tids. Kjemi Berg., 12 , 23, 1932; T. R. 
Cunningham and R. J. Price, Ind. Eng. Chem. Anal. Ed., 5 , 334, 1933; S. G. Simpson and 
W. C. Schurab, ib., 5 , 40, 211, 1933; M. Wunder and B. Jeanneret, Zeit. anal. Chem., $ 0 , 
733, 1911; J. D. Ferguson, Eng. Min. Joum., 106 , 356, 1918; United Steel Co. Ltd., Standard 
Method^s of Analysis, Sheffield, 54, 1936. For reviews of the methods of determining zir- 
conium, see M. Frommes, Zeit. anal. Chem., 96 , 288, 1934; E. Einecke and J. Harms, ih., 
99 , 113, 1934; J. W. Harden, U.S, Bur. Mines Bull., 212 , viii, 281, 1923. 

^ If the solution be boiled, zirconium and titanium may be precipitated by hydrolysis 
of their salts, especially if the amount of free sulphuric acid is low. 
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20 per fccnt. by weight.^ 1 to 2 grms. of monohydrogen ammonium phosphate, 
(NH 4 ) 2 HP 04 , are added ^ and the solution digested for 2 hours at 
If only traces of a precipitate have then formed, cool and stand overnight, but 
if the amount is appreciable, add the pulp of a 9 cm. filter-paper, allow to 
settle and then filter. Wash the precipitate with a cold 5 per cent, solution 
of ammonium nitrate until it is free from sulphate.* Transfer the filter-paper 
to a weighed crucible, dry and then char the paper at a low temperature. 
Finally, partially cover the crucible and burn off the carbon very carefully, 
as the precipitate shows a marked tendency to spurt. Ignite over a M4ker 
burner, cool and weigh as ZrPgO,. Multiply the weight by 0*4645 to obtain 
the corresponding weight of zirconium oxide, ZrOg. Owing to the hydrolysis 
of the precipitate on washing (see footnote 3), the ignited precipitate will not 
exactly correspond in composition to ZrPgO-, but where small amounts of 
zirconia are involved the error is negligible. However, when great accuracy 
is essential, or when the amount of zirconia is large, as in the analysis of 
zircon or crude zirconium oxide, the following procedure should be adopted. 
The ignited residue is fused for some considerable time with about ten times 
its weight of sodium carbonate. The cold cake is digested with water until 
decomposed, the residue filtered off, washed with a 2 per cent, solution of 
sodium carbonate and finally with water. Since zirconium phosphate is 
not readily de(;ornposed by sodium carbonate, unless a generous excess of the 
latter has been taken and the fusion prolonged, it may be necessary at this 
stage again to fuse with sodium carbonate and extrac.t as before in order to 
eliminate the last traces of phosphorus pentoxide. The washed residue is 
ignited, fused with pyrosulphate and the cold cake taken up in dilute sulphuric 
acid. After removal of platinum from the solution, as indicated above, the 
zirconium is precipitated from the hot solution by ammonium hydroxide and 
washed with a hot 2 per cent, solution of ammonium nitrate.^ As usual, the 
precipitate is redissolved and reprecipitated to free it from alkali salts. After 
ignition, the residue is ignited and weighed as ZrOg. 

The Determinaiion of Hafnium . — Any hafnium present will be precipitated 
with the zirconium and reported as zirconium oxide. Since hafnium normally 
accompanies zirconium, the residue of nominal zirconium oxide may contain 
from traces up to apprecialile quantities of hafnium, depending on the nature 
of the material under analysis and on its source. The approximate content 
of hafnium, if and when required, can be calculated from the ratio of the weights 


^ When practicable, the total volume of the solution should be adjusted to the amount 
of zirconium pr€‘sent. Hillebrand and l^undell (/.r.) recommend a volume of 25 c.c. for 0*5 
mgrm. of zirconium to 200 c.c. for 01 grm.. but with materials of unknown zirconia content 
no general rule can be lai<l down, 

® Hillebrand and Lundell (/.<*.) say that a 10- to lOO-fold excess of phosphate should be 
taken over that needed to form Zr(HP 04 ) 2 , and that the smaller the amount of zirconia the 
larger should be the excess. The remark under footnote 1 again applies. V. A. Oshman 
and T. K. Zerchaninova {livdkie Metal, 3 , 36, 1934) say that, when the amount of zirconia 
is small, the amount of free sulphuric acid should not exceed 1 per cent., otherwise there will 
be loss of zirconia. 

* The precipitate tends to hydrolyse on washing and consequently the volume of wash 
liquor should be kept at a minimum. Owing to hydrolysis, the washings will never be com- 
pletely free from phosphate, but the disappearance of sulphate from them will indicat^e when 
the washing is nearing completion. 

^ If thorium is prt»sent, the precipitated hydroxide is redissolved in sulphuric acid, and 
the precipitation as phosphate repeated in order to remove traces of thorium. Columbium 
and tantalum are also precipitated in part and it is advisable to remove them first. A cleaner 
separation of zirconium from cerium results if the latter is in the trivalent state — Hillebrand 
and Lundell (lx,). 
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of the mixed oxides to that of the mixed phosphates ^ on the assumption that 
the hydrolysis of the phosphates on washing has not caused their composition to 
detnate sensibly from ZrP^O^ and HfP^O^ respectively. If, for example, the 
weight of the mixed oxides be and that of the mixed phosphates be w’g, 
then a-}-b^v\ and 2- 1 528a + 1*67446 = where a and 6 are the respective 
weights of zirconium and hafnium oxides. It must be borne in mind that this 
procedure involves (1) an assumption which is not proven, and (2) the error 
inherent in all indirect processes (see pages 221 et seq.). 


§ 275 . Gravimetric Determination by “Cupferron/^ 

In acid solution, cupferron quantitatively precipitates iron, titanium and 
zirconium with varying amounts of thorium, cerium and the other rare earths, 
while aluminium, beryllium, manganese, uranium and the remainder of the 
rare earths pass into solution, ^ On ignition, the metals present in the cupferron 
complex are wholly converted into oxides; thus in this process there is no 
complication due to the uncertainty in the conversion factor as in the phos})hate 
precipitation. The procedure of Lundell and Knowles, adapted to the normal 
course of a silicate analysis, is as follows: An aliquot portion of the stock 
solution from the pyrosulphate fusion of the mixed oxides is taken and the 
hydroxides precipitated by ammonia. After filtration and washing, dissolve 
the precipitate in dilute sulphuric acid. Alkali salts, which tend to be carried 
down by the cu})ferron precipitate, are hereby removed. Just neutralise the 
solution with ammonia and then redissolve the precipitate in sufficient 
sulphuric acid to give an excess of about 1 per cent, by volume. Saturate 
the solution with hydrogen sulphide, filter off and wash any platinum w’^hich is 
precipitated. To the filtrate and washings add an amount of tartaric acid 
equal to five times the weight of mixed oxides in solution.^ Add excess of 
ammonia to the solution and again saturate it with hydrogen sulphide. Filter 
off the precipitated ferrous sulphide and w'ash it with a dilute solution of 
ammonium chloride containing a little colourless ammonium sulphide. 
Sulphuric acid is added to the filtrate and w^ashings until they contain about 
10 per cent, by volume of free acid. Boil to expel hydrogen sulphide and then 
cool to 10°. A 6 per cent, aqueous solution of cupferron is added until the 
initial curdy precipitate is followed by a fine white one which redissolves, 
thus showing that excess of the precipitant is present. Digest for 5 minutes, 
filter and wash the precipitate thoroughly with cold 10 per cent, (by volume) 
hydrochloric acid. Dry and carefully char the paper in a weighed platinum 
crucible, then burn off the carbon and ignite over a M6ker burner. Cool and 
weigh as mixed oxides of zirconium and titanium. From the weight of mixed 
oxides subtract the proportionate amount of titanium oxide, as previously 
found in the colorimetric determination of titanium. If rare earth oxides 
are also present, fuse up the residue of mixed oxides in the platinum crucible 
with pyrosulphate. Cool, extract the cake and dissolve it in 10 per cent. 


* G. Hevesy and K. Kimura, Journ. Amer. Chem. 80 c., 47, 2540, 1925; W. R. Schoeller, 
Analyst, 52, 736, 1927. 

* W. M. Thornton, junr., and E. M. Hayden, junr., Amer. Joum. Sci., (4), 38, 137, 1914; 
J. Brown, Journ. Amer. Chem. 80 c., 39, 2358, 1917; G. E. F. Lnndell and H. B. Knowles, 
ib., 42, 1439, 1920; Joum. Ind. Eng. Chem., 12, 562, 1920; O. Baudisoh and V. L. King, 
ih., 3, 629, 1911; A. Angeletti, Oazz. Chim. Jtal., 51, (1), 285, 1921. 

* This weight i« known from the total weight of the ammonia precipitate and from the 
volume of the stock solution taken for the determination. 
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sulphuric acid.^ Precipitate the rare earths in the solution by hydrofluoric 
acid (page 5G3), followed by a second precipitation as oxalates (page 567). 
The i:irconium oxide is determined by difference. 

§ 276. Gravimetric Determination of Zirconium as Arsenate, 
Phenylarsinate or Selenite. 

1. Preci]ntatio7i as Arsenate . — In nitric acid solution zirconium (with 
hafnium) is precipitated l)y disodium hydrogen arsenate as zirconyl hydro- 
gen arsenate, Zr0HAs04.^ The precipitate is dissolved in sulphuric acid and 
hydrazine and hydrochloric acid are added. The arsenic is distilled off as 
chloride, followed by a double precipitation of zirconium by ammonia from 
the residual solution. The interference of titanium and ceric ceriuni is pre- 
vented by respective oxidation and reduction with hydrogen j)eroxide prior to 
the precipitation of the zirconium. If thorium is present the precipitation 
must be made from a solution which is approximately 1-13N in nitric acid. 
This method has not been extensively used. 

2. Precipitation by Phe^iylarsinic Acid . — Zirconium is said to be quanti- 
tatively separated from all metals except hafnium and tin in 10 per cent, 
hydrochloric or sulphuric acid solution by phenylarsinic acid.^ Double pre- 
cipitation is ne(;essary to effect complete separation from thorium, uranium, 
phosphates and large amounts of iron. Titanium, when present, is kept in 
solution by hydrogen peroxide. A 10 per cent, aqueous solution of the reagent 
is used in ten- to twenty-fold excess. The precipitation is made in boiling 
solution and the precipitated zirconium phenylarsinate washed with 1 per 
cent, hydrochloric acid, dried, ignited and weighed as ZrOg. 

If further work confirms the original investigations, phenylarsinic acid 
promises to be a most valuable reagent for the determination of zirconia in 
virtue of its selectivity, the absence of a conversion factor and from the fact 
that it permits of a separation of zirconium from phosphorus (see below). 

Separation from Phosphorus. — When phosphates are present, the con- 
centration of sulphuric acid is kept so high (about 40 per cent, by weight) that 
the zirconium phosphate remains dissolved. An excess of phenylarsinic 
acid is added and the solution diluted down to about 10 per cent, by weight of 
sulphuric acid. The precipitate is dissolved in sulphuric acid (1 in 1) and a 
second precipitation made as in the first instance.^ 

3. Precipitation as Basic Selefiite. — An aqueous solution of seleiiious acid 


* If desired, the solution can Ik? made up to, say, 100 c.c., and the titanium in 50 c.o. 
determined either colori metrically or volu metrically, according to the amount present. 
The rt?mainder of the solution is used for the determination of the rare earth oxides. 

* L. Moser and H. Lessnig, Monais.., 45 , 323, 1924; Zeit. anal. Chem., 68 , 468, 1926; 
K. Schroder, ib., 68 , 233, 1926; W. C. Schumb and E. J. Nolan, Ind. Eng. Chern. Anal. Ed.., 
9 , 371, 1937. Compare S. R. Paijkull, Bull. S(tc. chim,^ (2), 20 , 65, 1873; Ofvers. Acad. 
Fork. Stockholm f 30 , No. 6 , 21, 1873. 

® A. C. Rice, H. C. Fogg and C. James, Journ. Amer. Chem. Soc., 48 , 895, 1926; F. W. 
Arnold, junr., and G, C. Chandlee, ib., 57 , 8 , 1935; P. Klinger and O. Schliessmann, Arch. 
Ei^enhuUenw., 7 , 113, 1933; P. Klinger, Tech. Mitt. Krupp, 3 , 1 , 1935. For the preparation 
of phenylarsinic acid, see C. S. Palmer and R. Adams, Journ. Amer, Chem. Soc., 44 , 1361, 
1922. 

* Thorium, unlike the rare earths, forms a phenylarsinate insoluble in large excess of 
acetic acid; thus the reagent can be used for the determination of thorium in monazite 
sand — A. C. Rice, H. C. Fogg and C. James {Lc.). For the use of n-propylarsinic acid, see 
F, W. Arnold, junr., and G. C. Chandlee, lx.; G. C. Chandlee, Journ. Amer. Chem. Soc.^ 57 , 
591, 1935; H. H. Geist and G. C. Chandlee, Ind. Eng. Chem. Ami. Ed., 9 , 169, 1937. 
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precipitates basic zirconium selenite, together with hafnium, titanium, thorium 
and ceric ceriam, from faintly acid solution.^ The solution must not be more 
than 0»6N in hydrochloric acid nor more than 0*4N in nitric acid, and sulphuric 
acid and sulphates must be absent. Consequently the hydrochloric or nitric 
acid solution is diluted to the required acidity, boiled and an excess of a 10 
per cent, solution of selenious acid in water added. The solution is kept warm 
until the precipitate has settled,^ then filtered and the precipitate washed 
with hot water. The precipitate is redissolved in hydrochloric acid, the 
solution diluted and reprecipitated as before.*"* The final precipitate is washed, 
ignited to ZrOg and weighed. Simultaneous separation of titanium and 
cerium is prevented by the addition of hydrogen peroxide before each pre- 
cipitation. When thorium is present, it is separated from zirconium by double 
precipitation as oxalate in hydrochloric acid solution (sulphates must not be 
present), followed by a third precipitation of the zirconium as basic selenite 
from the filtrate. 

This method does not separate zirconium from ])hosphates, columbium and 
tantalum.^ The inhibition of complete precipitation by suljdiuric acid or 
sulphates is a disadvantage. 


§ 277. The Opening-up and Analysis of Zirconium Minerals. 

The opening-up of zirconium minerals is often a matter of considerable 
difficulty, especially when dealing with a mineral such as zircon, ZrSi 04 . 
Among the many fluxes which have been proposed are alkali carbonates,^ 
alkali hydroxides ® with or without alkali fluorides, borax, alkali bisiilj)hates * 


^ S. Smith and C. James, Journ. Amer. Chem. iSoc., 42, 1764, 1920; S. G. Simpson 
and W. C. Schumb, 53, 921, 1931; Jnd. Eng. Chem. Anal. Ed., 5, 40, 211, 1933; 7, 36, 
1935. 

* If warmed for more than about 2 hours, the precipitate becomes crystalline', in which 
condition it does not readily redissolvc in acids. 

* One precipitation docs not entirely eliminate titanium and cerium; also vanadates 
and uranyl salts, if pr(?sent, are strongly adsorbed by the zirconium precipitate. 

* For the separation of zirconium from columbium and tantalum, sec W. V. Headden, 
Proc, Colorado Sci, Soc., ii, 185, 1917; W, R. Schoeller and A. R. Powell, Journ. Chem. 
80c., I19, 1927, 1921; Analyst, 57, 550, 1932. 

® F. Wohler, Liebig's Ann., 31, 122, 1839; P. Berthier, Ann. Chirn. Phys., (1), 50, 362, 
1832; W. Henneberg, Journ. prakt. Chem., (1), 38, 508, 1846; H. L. Wells and H. W. Foote, 
Zeil. arwrg. Chem., 10, 434, 1895; L. M, llennis and A. E. Spencer, Journ. Amer. Chem. 80c., 
18, 673, 1896; J. Brown, ib., 39, 2358, 1917; C. F. Chandler, Pogg. Ann., 102, 446, 1857; 
M. Wunder and B. Jeanneret, Zeit. anal. Chem., 50, 733, 1911; M. Wunder and P. Wenger, 
ib., 51, 470, 1912; P. Wenger and J. Morel, Ann. Chim. anal., 3, 139, 1921 ; J. D. Ferguson, 
Eng. Min. Journ., io6, 793, 1918; W. R. Schoeller and A. R. Powell, Journ. Chem. 80c., 
1 19, 1927, 1921; W. R. Schoeller, Sands, Clays and Minerals, 2, 7, 1934; H. F. Harwood, 
Tids. Kjemi Berg., 12, 23, 1932. 

® M. H. Klaproth, Beitrdge zur chemischen Kenntniss der M ineralkorper, Berlin, I, 203, 
227, 1795; F. Dubois and A. A. da Silveira, Anii. (/him. Phys., (1), 14, 1 1 1, 1820; C. Marignac, 
ib., (3), 60, 260, 1860; J, J. Berzelius, Pogg. Ann., 4, 117, 1825; E. Melliss, Bull. 80c. chim,, 
(2), 14, 204, 1870; E. Linnemann, Monats., 6, 335, 1885; Chem. News, 52, 233, 240, 1885; 
G. H. Bailey, ib., 53, 55, 260, 287, .1886; 60, 6, 17, 32, 1889; F. P. Venable, Journ. Amer. 
Chem. 80c., 16, 469, 1894; F. P. Venable and W. Belden, ib., 20, 273, 1898; F. P. Venable 
and T. Clarke, ib., 18, 434, 1896; Chem. News, 74, 44, 1896. 

^ G. E. F. Lundell and H. B. Knowles, Journ. Amer. Chem. 80c., 42, 1439, 1920; W. F. 
Hillebrand and G. E. F. Lundell, Applied Inorganic Analysis, New York, 444, 1929. 

* J. M, Matthews, Journ. Amer. Chem. 80c., 20, 815, 1898; J. L. Smith, Compt. rend., 
31, 48, 191, 1850; Silliman's Journ., zo, 354, 1850; M. Dittrioh and R. Pohl, Zeit. anorg. 
Chem., 43, 236, 1905; L. Weiss and R. Lehrmann, ib., 65, 178, 1910; S. J. Johnstone, The 
Bare EarlE Industry, 51, 1915; H, F. Harwood, Tide. Kjemi Berg,, 12, 23, 1932. 
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and sodium peroxide.^ The choice of the flux is not conditioned solely by the 
ease and rapidity with which it acts, but also by the subsequent analytical 
procedure, since in certain separations the presence of salts introduced by the 
flux may be undesirable. 

Decomposition of the Material, — Fuse a half or one gram of the dried (110®) 
mineral, which has been ground to pass a 100 mesh sieve, with about ten times 
its weight of sodium bisulphate. ^ If the material is very resistant to attack, 
the fusion must be prolonged for some time. 

Determination of Silica. — When cold, extract the cake with 10 per cent, 
sulphuric acid and digest until it is disintegrated. Evaporate as far as possible 
on a water bath, then transfer to a sand bath and continue the evaporation 
until the mass fumes strongly but is still quite pasty. Cooly carefully dilute 
with water so that the temperature does not rise above 40®-50°, filter and 
wash the impure silica ^ free from sulphates with hot water.^ Ignite the 
residue in a platinum crucible and weigh. Fume off the silica by treatment 
with hydrofluoric- and sulphuric acids as usual. Again ignite and weigh. Fuse 
up the residue wnth sodium carbonate, extract the cold cake with water, digest, 
filter and wash free from alkali. The filtrate will contain any phosphorus (also 
tungsten) present in the mineral as phosphate, which can subsequently be 
determined by any standard procedure (pages 672 et seq.). The insoluble 
residue from the sodium carbonate fusion is ignited and fused up with a little 
sodium bisulphate and the solution of the cake in dilute sulphuric acid added 
to the filtrate from the silica.*'" 

Determination of Basic Oxides. — BemoYc the platinum (also other metals 
precipitated by hydrogen sulphide in acid solution, if present) by the method 
given in Section 274. After filtering and w^ashing the precipitate, boil off the 
hydrogen sul})hide, oxidise* the filtrate by adding a little concentrated nitric 
acid and boil off the oxides of nitrogen. From this point onwards the 
analysis follows that of a typical silicate, zirconium being determined in 
an aliquot part of the stock solution, obtained from the bisulphate fusion, 
by one of the methods given in Sections 274 to 276.® 

§ 278. The Rare Earths. 

The term “rare earth” is applied to certain trivalent metallic oxides — 
yttria and ceria earths — which w^ere formerly regarded as elementary bodies. 
They fall into the same analytical group as aluminium, iron and beryllium, from 
which they can be separated as oxalates insoluble in dilute acids and in cold 

^ A. Travers, Chim. et Ind., 2 , 385, 19J9; W. F. Hillebrand and G. E. F. Lundell, Applied 
Ifwryanic Analyslsy Xew York, 445, 1929; 8 . G. Simpson and W. C. Schumb, Journ. Amer. 
Cheni. Soc.y 53 , 930, 1931. Compare G. G, Marvin and W. C. Schumb, ib., 52 , 574, 1930; 
W. F. Muehlberg, Ind. Eng. Chem., 17 , 690, 1925. 

* In view of the sparing solubility of the double potassium zirconium sulphates it is better 
to use sodium rather than potassium bisulphate. For the method of conducting bisulphate 
fusions, see page 166. 

* Zirconia is tenaciously retained by silica and the silica residue is almost certain to 
contain appreciable quantities of zirconium. Partial hydrolysis of zirconium sulphate 
during the evaporation is a contributory cause of contamination. 

* G. E. F. Lundell and H. B. Knowles (Joum, Amer. Chem. Soc.y 42 , 1439, 1920) warm 
the filtrate overnight to precipitate any phosphorus as zirconium phosphate. This is sub- 
sequently filtered off, washed with 6 per cent, ammonium nitrate and the washings added to 
the filtrate. 

* Note, if barium is present it will be separated here as sulphate, which can be filtered 
off, ignited and weighed. 

* Any silica, not separated by the single evaporation and filtration, can be recovered 
at this stage, as indicated on page 167. 
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ammoiiiuin oxalate solutions. The solubilities of the oxalates ^ of some of 
these earths in water, in solutions of ammonium oxalate and in sulphuric acid 
solutions are shown in the following table : — 

Table LVII. — Solubilities of the Rare Earth Oxalates, 


Oxalate. 

Water. 

Orm. per litre. 

Ammonium oxalate. 
One gram of oxalate 
in 38 grms. of water 
dissolves grm. 

Normal sulphuric 
acid. Grms. of 
anhydrous oxalate 
per litre. 

Lanthanum . 

0(KK)62 

0-0(H)23 

2-56 

Praseodymium 

i 00(K)74 

0(MM)20 

1-23 

Neodymium . 

0-00049 

I OtMKm 

l-(M) 

Cerium 

0-(KHHl 

0-(X)042 i 

1-04 

Yttrium 

0-(KH00 

0-0025(> 1 


Ytterbium 

o-(K):m 

0-02437 1 


Thorium 

1 


0-62(K)0 j 

i 

o-Voo 


G. Urbain classifies the rare earths into three main groups, according to 
the solubility of their double potassium sulphates in a saturated solution of 
potassium sulphate. The classification is as follows: — 

1. Cerium Group (insoluble double sulphates).- Lanthanum, La; cerium, 
Ce; praseodymium, Pr; neodymium, Nd; samarium, Sa; together with 
thorium, Th, and scandium, Sc, which also form insoluble potassium sulphates, 
though, strictly speaking, they are not members of the rare earth family. 

2. Terbium Group (moderately soluble double sulphatcs).--Europium, 
Eu; gadolinium, Gd; terbium, Tb. 

3. Yttrium Group (readily soluble double Hul 2 >hates): 

(a) Ytterbium Sub-group. — Yttrium, Y; ytterbium, Yb; lutecium, Lu. 

(b) Erbium Sub-group. — Dysprosium, Dy; holmiuin, Ho; erbium, 

Er; thulium, Tin. 

Thorium and zirconium earths are not included in the above definition of 
the rare earths, but in general analytical work it is often convenient to include 
both thoria and zirconia with the rare earths, because they have many 
analogous properties. 

While the isolation of individual members of the rare earth family is a 
matter often of extreme difficulty, it is comparatively easy to separate the 
group as a whole from other elements. The amount of the material taken for 
analysis is conditioned by the amount of rare earths it contains, as the smaller 
the proportion, the larger must be the analysis sample. 

Decomposition of the Mineral. — The mineral must be very finely powdered, 
and the method adopted for opening it up depends upon its nature. For 


^ E. Kimbach and A. 8 chubert, Zeit. phys. Chem.t 67 , 183, 1909; B. Brauner, Joum. 
Chem. Soc., 73 , 951, 1898; O. Hauser and F. Wirth, Zeit. anal. Chem., 47 , 389, 1908; R. 
J. Meyer and O. Hauser, Die Analyse der seUenen Erden und Erdsduren, Stuttgart, 61, 1912; 
R. J. Meyer and A. Wassjuchnoff, Zeit. anorg. Chem., 86 , 257, 1914; F. Wirth, » 6 ., 58 , 213, 
1908; 76 , 174, 1912; 79 , 367, 1913; 87 , 1, 1914; A. Job, Cornpt. rend., 126 , 246, 1898; C. James, 
Joum. Amer. Chem. 80 c., 34 , 757, 1912; L. A. Sarver and P. H. M. P. Brinton, t 6 „ 49 , 943, 
1927; J. W. Neckers and H. G. Kremers, ib., 50 , 950, 1928; 1. M. Kolthofif and R. Elmquist, 
ib., 53 , 1226, 1931 ; C. R. Bohm, Die V erwendung der aeltenen Erden, Letpaig, 6, 1913; Pharm, 
Ztg., 47 , 737, 1902. 
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example, allanite, cerite, gadolinite, thorite and yttrialite arc soluble in hydro- 
chloric acid, and sulphuric acid decomposes a'schenile, allanite, (;erite, euxenite, 
gadolinite, nionazite, thoriaiiite, xenotime and yttrotitanitc. Fusion with 
sodium carbonate has been recommended for decomposing nionazite, but 
sulphuric acid is commonly used. Euxenite, fergusonite, polycrase, samarskite 
and yttrotantalite are opened up by fusion with sodium bisulphate or pyro- 
sulphate. Sodium hydroxide is the best reagent for attacking some of the 
colum bates, the tantalates and titanates. 

When sulphuric and hydrofluoric acids are used, the fluorine is driven ofF 
by heating. If hydrochloric acid be used, the solution is evaporated to dryness 
to make the silica insoluble.^ The residue is treated with a little hydrochloric 
acid, diluted with water and filtered. If sulphuric acid, or sodium pyro- 
sulphato or bisulphate, be used for opening the mineral, the mass must be 
stirred with cold water to get the required solution ; otherwise, titanium 
hydroxide may lie precipitated. If hydrofluoric acid alone be used in the cold, 
a gelatinous precipitate of the silico-fluorides and fluorides of the earths is 
obtained. The precipitate is collected and washed with dilute hydrofluoric 
acid. Columbiurn, tantalum and zirconium pass into solution.'^ The insoluble 
fluorides are decomposed by sulphuric, acid. Fusion of the mineral with 
sodium or potassium hydroxide or carbonate, and leaching with water, give 
a residue of insoluble hydroxides. 

Bemoval of Avid ic Oiidvs,- The acid solution of the mineral, obtained by 
one of the above methods, is evaporated to dryness. The residue is digested 
with acid, boiled for two hours, stood for some hours and filtered. The 
residue contains the silica, stannic, tungstic, titanic, columbic and tantalic 
oxides, together with barium and lead sulphates, if present, and part of the 
zirconia and ferric oxide. The filtrate contains the alumina, the bulk of the 
ferric, and zirconium oxides, the rare earth oxides, uranium and thorium 
oxides, and the alkaline earth metals. The filtrate is heated to boiling and 
saturated wdth hydrogen sulphide until cold. Any precipitate is filtered off 
and washed with cold, distilled water, saturated with hydrogen sulphide. The 
filtrate is boiled to expel the excess of hydrogen sulphide, oxidised wdth a few 
c.c. of nitric acid and a double ammonia precipitation is then made in the usual 
way. 

The Separation of Thoria, Ceria and the Yllria Earths from, the Ammonia 
Precipitate. — The ammonia precipitate containing the aluminium, iron, yttrium, 
cerium, thorium, zirconium and uranium hydroxides or phosphates is dissolved 
in the smallest possible quantity of hydrochloric acid and the solution is treated 
with oxalic acid. The yttrium, cerium and thorium oxalates are precipitated, 
while zirconium, aluminium, iron and uranium ® remain in solution.^ The 
oxalates separate in a colloidal form, containing adsorbed mother liquor. 


^ H. B. Hicks {Joum. Amer. Chem. Sue., 33 , 1492, 1911 ; Cheiu. Neu\% 105 , 63, 76, 1912) 
recommends sulphur monochloride vapour for opening the rare earth minerals. Volatile 
chlorides are formed. This treatment decomposes rutile, wolframite, schoelite, tantalite 
and chromite. See also E. F. Smith, Journ. Amer. Chem. Soc.y 20 , 289, 1898; R. D. Hall, 
ib., 26 , 1243, 1904; H. S. Lukens, ih., 35 , 1464, 1913. 

* M. M. Delafontaine, Chem. News, 75 , 229, 1897. 

* According to O, Hauser (Zeit. anal, Chem., 47 , 677, 1908), the presence of uranyl salts 
makes the cerium oxalates very soluble, unless a great excess of oxalic acid is added. 

^ The precipitated oxalates will be contaminated with phosphates, if phosphorus com- 
pounds be present. A re precipitation may then be necessary; or the precipitate may be 
washed into a dish and digested with fuming hydrochloric acid, then warmed with oxalic 
acid and the whole diluted with water. In this way most of the phosphoric acid passes into 
solution. 

36 
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Consequently a portion of the oxalic acid is first added and the solution well 
shaken until the precipitate in it becomes crystalline, when the remainder of 
the oxalic acid is added. The metals in the filtrate can be separated by 
processes previously described. The chief sounic of difficulty is the fact that 
the acidity of the solution requires careful adjustment or appreciable quantities 
of the cerium, yttrium and thorium oxalates will pass into solution or else the 
precipitate may be contaminated with zirconium oxalate.^ The conditions for 
successful work with ceria ^ have been investigated, l)ut not for yttria.^ The 
best results are obtained wdien the ammonia preci])itate is dissolved in 0-25N- to 
O-bN-hydrochloric acid — about 50 c.(*. of acid are required per gram of the 
earths. Add 40-50 c.c. of a 10 per cent, solution of oxalic acid and keep the 
solution at about 60' for about 12 hours. Filter and wash with warm water. 
The j)recipitated oxalates are usually contaminated with small quantities of 
aluminium, iron and cahium oxalates and phosphates. Oonsecjuently the 
precipitate is digested with fuming hydrochloric acid on a water bath until it is 
decomposed and a reprecipitation made with oxalic acid. The preci])itate can 
be calcined to convert the oxalates into oxides and w^cighed.^ 

If it be desired to separate the thoria, yttria and ceria, the w^ashed pre- 
cipitate is digested on a water bath with concentrated nitric acid (sp. gr. 1*4) 
and one drop of 0-lN-potassium permanganate, which accelerates the rate of 
dissolution by the nitric acid. The dish should be covered with a clock-glass 
to prevent loss by spurting. The oxalates will be decom])osed in a short time. 
The excess of acid is removed by evaporation and the thorium precipitated by 
the hydrogen peroxide i)ro(?ess (page 567), or by the sodium thiosulphate 
process. 

Separation of Thorlunt by Sodium Thiosulphate . — The nitrate solution is 
repeatedly evaporated wdth hydrochloric acid to convert the nitrates into 
chlorides (page 464). Dilute the solution and heat it to boiling. Add an 
excess of a concentrated solution of sodium thiosul])hat(‘. Basic thorium thio- 
sulphate is precipitated in a flocculent mass which, after standing about 12 
hours, is easily filtered and washed. The precipitate with its filter-paper is 
digested in concentrated hydrochloric acid and again treated with the thio- 


^ For the behavimir of zircouiuni salt.s with oxalic acid and ammonium o.xalate, see J. J. 
Berzelius, Schiveigger' s Jouni.. 21 , 40, 1817; C. H. Pfaff, ib., 28 , 102, 1820; li. Hermann, 
Journ. prnkt. Chem., ( 1 ), 95 , 127, 1865; N. J. Berlin, ih., (1), 58 , 145, 1853; B. Ruer, Zeit. 
anorg. Chem., 42 , 87, 1904; L. N. Vamjuelin, Ann. Chim. Phys.y ( 1 ), 22 , 179, 1797; C. Glaser, 
Joum. Amer. Chtm. Soc.y 18 , 782, 1896; F. P. Venable and C. Baskervillc, ib.y 19 , 12, 1897. 

^ E. Hintz and H. Weber, Zeit. aval. Chem.y 36, 213, 1897; P. Drossbaeh, Zeit. angew. 
Chem.y 14, 65.5, 1901; E. Benz, /6., 15, 297, 1902; O. Hauser and F. Wirth, »6., 22, 484, 
1909; C. Glaser, Zeit. anal. Chem.y 36 , 213, 1897; R. Finkener, ih., 3, 369, 1864; R. .1. Meyer 
and R. Jacoby, Zeit. anorg. Chem.y 27, 3^, 1901; N. Engstrom, Zeit. Kryst.y 3, 191, 1879; 
W. Blomstrand, ib., 15, 99, 1889; H. Backstrom, ib., 16, 83, 1890; 0. Jones, Amer. Chem. 
Journ. y 20, 345, 1898; H. Gorceix, Compt. rend., lOO, 357, 1885; M. Holzmann, Journ. prakt. 
Chem.y (1), 75, 321, 1858; R. Ruer, Zeit. anorg. Chem., 42, 87, 1904; M. Dittrich, Ber., 4I, 
4373, 1908; A. Wober, Zeit. landw. Versuchw. (Jester., 20 , 500, 1917; Chern. ZeMtr., (1), 
476, 1918. 

» L. F. Nilson, Ber., 13 , 1437, 1880; P. T. Clove and M. Hoglund, ib., 6 , 1468, 1873; 
N. J. BcTlin, Pogg. Ann., 43 , 111 , 1838. 

^ The results obtained by precipitating the rare earlF hydroxides from solution in hydro- 
chloric acid by means of sodium hydroxide or aqua ammonia, washing and igniting, are 
usually higher than when the earths are precipitated as oxalates and ignited. This is 
supposed to be due to the adsorption of some alkali, in the case of sodium hydroxide, but 
also to the formation of a little basic chloride of the rare earth, which is not decomposed 
by the ignition. With ammonia precipitations from nitrate solutions the results ought to 
be the same as with the oxalate precipitation since the nitrates are broken down by ignition — 
T. O. Smith and C. James, Joum. Amer. Chem. 80 c., 36 , 909, 1914; Chem, Netva, 109 , 219, 
1914, 
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sulphate so as to get rid of all but a trace of ceria which contaminated the first 
precipitate. The precipitate is dissolved in hydrochloric acid and treated with 
oxalic acid as described above.^ The first filtrate contains the yttrium and 
cerium earths. The hydroxides are precipitated by ammonia and separated by 
the double potassium sulphate process described on page 571 for separating 
zirconium and yttrium. The cerium salt, 3K2804.Cejj(804)3, is but sparingly 
soluble, while the yttrium salt, 3X2804. ¥2(804)3, is readily soluble. 

No exact quantitative methods are known for separating the individual 
members of these groups, and all known methods give more or less approxi- 
mate analytical separations. This is because the reactions of the different 
members of the group of rare earths, with the possible exception of cerium, 
differ among thernseives only by minute differences; so much so that it is 
difficult to draw a real line of demarcatioji even between the yttrium and cerium 
earths. J n all attempts at separation it is necessary to dissolvt* and repreci])itate 
a number of times and in some cases an elal)orate process of fractional crystal- 
lisation must be used. These methods fall outside the range of analytical work 
and details must be sought in the original memoirs.- 

§ 279. The Determination of “ Rare Earths in Silicates. 

The determination of zirconium in silicates has been discussed on page 551 . 
If rare earths be also juesent, they will be found in the filtrate from the zircon- 
ium. Several methods of separating the rare earths are available. The 
following process is adapted for silicates containing but small quantities of the 
rare earths. It is based upon the very sparing solu})ility of the fluorides of the 
rare earths and thorium and the ready solubility of the fluorides of the remain- 
ing elements (including zirconium, if present) in dilute hydrofluoric acid.® 

Start with the filtrate from the zirconium phosphate (page 554 ), which we 
can supj)ose contains salts of the rare earths, beryllium, titanium, aluminium, 
iron and uranium. Treat the solution with an excess of sodium hydroxide, in 
which beryllium, uranium and aluminium hydroxides are soluble, while 
titanium, iron and the rare earth hydroxides are almost insoluble. Dilute the 
solution. Decant the clear liquid through a filter-paper, wash the precipitate 
twice by decantation and then wash the preci])itate into a platinum dish. 

Treat the preci])itate with hydrofluoric acid, evaporate the mixture nearly 
to dryness and add a little water with a few drops of hydrofluoric acid. Collect 
the insoluble juecipitated fluorides on a filter-paper, using a rubber funnel and 
platinum cone. Wash the precipitate wdth w^ater acidulated with hydrofluoric 
acid and finally transfer the dried precipitate to a platinum dish. 

^ W. F. Hilicbraiid and (». K, F. LundeJl {Applied Inorganic Analp-sis^ New York, 422, 
1929) note that the precipitation of thorium by this process is apt to be incomplete and that 
the separation is not sharp. Ceria is more readily separated than yttria. Furthermore, 
the inevitable precipitation of sulphur obscures the precipitation of thorium. See P. Dross- 
bach, Zeit. mtgew. Chem.^ 14, 655, 1901. 

* For a summary of the various methods for separating the rare earths, see J. W. Mcdlor, 
A Comprehensive TreaHsc on. Inorganic and Theoretical Chemistry, London, 5, 543-576, 1924. 
See H. T. S. Britton (Journ. Chem. Soc,^ 127, 2142, 1925) for the precipitation of the cerite 
group of metals and of yttrium hydroxide by the use of a hydrogen electrode — the pH values 
range from 6-83 for samarium to 8-35 for lanthanum. L. M. Dennis and B. J. Lemon, Journ. 
Anter. Chem. Soc., 37, 131, 1915; W. l^aiidtl and J. Rauchenberger, Zeit. anorg. Chem., 
120, 120, 1921; 122, 311, 1922; 129, 176, 1923; W. Prandtl and J. Losch, ih,, 127, 209, 1923. 
For the determination of cerium and thorium, see J. P. Bonardi, U,S. Bur, Mines Bull., 212, 
ii, 19, 1923. 

» W. F. Hillebrand, Bull, U,S, Oeol, Sur., 176, 77, 1900; J. J. Chydenius, Pogg. Ann., 
1x9, 49, 1861; M. M. Belafontaine, Chem, Neufs, 75, 229, 1897; J, J. Berzeflus, Pogg. Ann,, 
16, 386, 1829; A. Rosenheim, V. Samter and I. Davidsohn, Zeit, anorg, Chem,, 35, 424, 1903. 
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Evaporate the precipitate to dryness with sulphuric acid to decompose the 
fluorides. Ignite the filter-paper separately and add the ash to the contents 
of the dish, dissolve the residual sulphates in dilute hydrochloric acid, 
precipitate the rare earths with ammonia, redissolve the precipitate in hydro- 
chloric acid and evaporate to dryness. 

Treat the residue with a few drops of an aqueous solution of oxalic acid, 
filter and wash the insoluble oxalates. Dry the pre(*ipitate, ignite the oxalates, 
weigh the resulting oxides and report as “rare earths.” 

§ 280. The Analysis of a Mixture of Rare Earths. 

The analysis of a “rare earth mineral” and the separation of some of the 
more important members of the rare earth group is well illustrated by the 
following method for the analysis of monazite sands. ^ The analysis occupies 
about seven days. 

1 . The Fusion. —About a gram - of the finely ])owd(‘red mineral is fused in a 
platinum crucible with five to six times its weight of sodium pyro- or bi-sulphate.^ 
The temperature is raised very gradually to a red heat so as to avoid loss by 
spurting. The fusion temperature is kept as low as possible to avoid the 
formation of sparingly soluble basic sulphates. When all is decomposed, the 
crucible and contents are allowed to cool. The cold cake is taken up with cold 
water and evaj)orated to dryness on a sand bath. Digest the residue in 10 c.c. 
of concentrated sul])huri(r acid, ])our the solution into 200 c.c. of cold water and 
boil the mixture in a flask with a reflux condenser for two or three hours. Most 
of the zirconia and ferric oxide dissolve. Silica, titanic, columbi(^, tantalic, 
stannic and tungstic oxides are precipitated.^ P’ilter. Let the solution stand 
24 hours and re-filter if necessary. Wash the precipitate, which may contain 
the tungstic, stannic, titanic, tantalic and columbic oxides, the silica and part 
of the zirconia and ferric oxide. The filtrate contains the rare earth oxides, 
uranium and thorium oxides, alumina, the rest of the zirconia and ferric oxide 
and the alkaline earths: also any members of the hydrogen sulphide group 
present. 

2. The Separation of Silica, Stannic, Tungstic, Titanic, Tantalic atid Columbic 
Acids . — Digest the residue with ammonium sulphide so as to remove the 
stannic and tungstic oxides (page 438). Filter and wash. The insoluble 
residue is then digested with a mixture of equal volumes of 10 per cent, sulphuric 
acid and 3 per cent, hydrogen peroxide.^ Filter off the silica, wash, ignite and 
treat with hydrofluoric and sulphuric acids as usual. The silica residue will 
contain lead and barium, if present, as sulphates.® Dilute the filtrate to 200 


^ C. Glaser, Jouru. Amer. Chem. Soc,., 18, 782, 1896; Chtm. Ztg., 20 , 619, 1896; Znt. anal. 
Chew,., 36, 213, 1897; Chem. News, 75, 145, 157, 1897; G. Chesneau, Crmpt. rend., 153, 429, 
1911 ; 8. J. Johnstone, Journ, Soc. Chem. Ind., 33, 55, 1914; R. J. Caniey and E. D. Campbell, 
Joum. Amer. Chem. aVoc., 36, 1134, 1914; P. Wenger and P. Christian, Ann. Chun. anal. 
Chim. appL, 4, 231, 1922. Compare C. James and A. J. Grant, Joum. Amer. Chem. Soc., 
38, 41, 1916. 

® More frequently between 10 and 30 grms. are taken if some of the rarer of the “rare 
earths” are to be determined by the process here described. 

* The sodium salt is preferred to the potassium salt because the latter forms sparingly 
soluble double sulphates with some of the oxides under investigation. 

^ A trace of tantalic oxide and silica may dissolve in the sodium bisulphate solution. 
Lead and barium sulphates, if present, remain undissolved. 

® L. Weiss and M. Landecker, ZeAt. anorg. Chem., 64, 65, 1909. 

• If any residue is left, fuse with potassium bisulphate. Cold water must be used in 
dissolving the cake of the bisulphate fusion, the solution being added to the filtrate from the 
silica. 
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C.C., add sulphurous acid and boil in a large flask fitted with a reflux condenser 
(fig. 88) until a little of the clear liquid gives no titanium coloration when 
tested with hydrogen peroxide. About two or three hours’ boiling suffices to 
precipitate all the titanium, tantalum and columbic oxides. The ferric oxide 
and zirconia, also any members of the hydrogen sulphide group present, 
remain in solution. Filter off the insoluble residue and wash. Add the 
filtrate and washings to the main solution or determine the iron and zirconium 
they contain as indicated below. 

3 . Separation of Titanic Oxide from Columbic and TantaJic Oxides. — W. R. 

Scdioeller and co-workers recommend the following method.^ The ignited 
mixed oxides are fused in a silica crucible with about 12 times their weight of 
potassium bisulphate. The cold cake is dissolved up in a hot solution of 2 grins, 
of ammonium oxalate in 250 c.c. of water. 5 grins, of sodium salicylate, 
dissolved in a little hot water, are added to the boiling solution, followed by 
a 20 per cent, solution of calcium chloride, added gradually in small portions 
until all the oxalate is precipitated. Keep the solution hot on a boiling 
water bath and, aft(*r settling, test the supernatant liquid for complete ])re- 
('ipitation. Filter under suction, using a platirunn cone, and wash the pre- 
c.i])itate with a hot 2 })er cent, solution of sodium salicylate until the washings 
are colourless. The oxalate precipitate contains the bulk of the earth acids, 
while the titania and the small balance of earth acids are present in the yellow 
filtrate. The oxalate precipitate is dissolved in 40 to 50 c.c. of hydrochloric 
acid (1 in 1) and the oxalic acid destroyed by the cautious addition to the 
boiling solution of a slight excess of strong permanganate solution. The 
excess of the latter is destroyed by further boiling, the solution is diluted to 
300 C.C., boiled and the earth acids precipitated by the addition of 1 grin, of 
tannin in fr(*sh, strong solution. The mixture is boiled for 5-10 minutes, stood 
for some hours, then mixed with filter-pulp, filtered under gentle suction, the 
precipitate washed with a 2 per cent, solution of ammonium chloride, containing 
a little tannin, and ignited in a porcelain crucible. The yellow filtrate from 
the initial oxalate preci})itation is heated and then treated with 10 grms. each 
of ammonium acetate and ammonium chloride and 1 to 2-5 grms. of a fresh, 
strong solution of tannin. After settling on a water bath, the j)recipitate is 
filtered off under gentle suction and washed wdth ammonium chloride-tannin 
solution. The precipitate is ignited in a silica criKuble, the residue fused with 
potassium bisulj)hate and the cold cake extracted with a hot 1 per cent, solution 
of tannin in 5 per cent, sulphuric acid. The extract and rinsings from the 
crucible are boiled and stood overnight in the cold. The small balance of earth 
acids is filtered off, washed with 5 per cent, sulphuric acid and ignited in the 
crucible containing the bulk of the earth acids. The weight of the combined 
residues is reported as Cbg^s titanium is precipitated from the 

filtrate by nearly neutralising the diluted solution with ammonia, boiling and 
adding a large excess of ammonium acetate and ammonium nitrate. The 
precipitate is washed with ammonium chloride solution, containing a little 
tannin, ignited, purified by leaching, again ignited and weighed.-* 

4. Separation of the Hydrogen Sulphide Group. — Saturate the hot acid 
filtrates from 1 and 2 with hydrogen sulphide and, when cold, again saturate 
the solution with the same gas. The members of the hydrogen sulphide group 
are precipitated. Filter and boil the filtrate to expel the hydrogen sulphide. 
The residue on the filter-paper contains the metals of the hydrogen sulphide 

^ W. R. Sohoeller, Analyst^ 57 , 72, 1932; t 6 ., 54 , 320, 453, 709, 1929, 

* For the furthor purification of the rare earth oxides and the titania, see W . R. Schoellor, 

(U.). 
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group, e.g. copper, bismuth. These, if present, are separated as described on 
page 327. 

5. Separation of the Thorium and Cerium Group from the Zirconium and 
Yttrium Groups.— Thorium oxalate is somewhat solu})le in nearly neutral 
solutions of ammonium oxalate ^ and, if a large excess of ammonium oxalate be 
used, thorium may not be precipitated at all. But an excess is necessary to 
keep the zirconium oxalate in solution. Hence some thorium may escape 
preci])itation and, if not se])arated, will, later on, appear with the zirconium 
precipitate. Glaser therefore recommended adding concentrated hydrochloric 
acid to the boiling filtrate. On cooling, insoluble thorium oxalate is precipitated. 
The zirconium oxalate is soluble in the oxalic acid liberated by the action of the 
hydrochloric acid.^ 

The method here used is })ased on the solubility of yttrium and zirconium 
oxalates and the ‘‘insolnbility ” of thorium and cerium oxalates in slightly 
mineral acid solutions, containing an excess of oxalic acid. An alternative 
process is indicated on page 562.^ Dilute the filtrate and washings from the 
preceding oj)eratioii until not more than 2 per cent, by volume of free sulphuric 
acid is ])resent. Pour the diluted solution very slowly and with constant 
stirring into 150 c.c. of a cold saturated solution of oxalic acid. Stand over- 
night, filter and wash the preci])itate with cold 1 ])er cent. hydro(‘hloric acid. 
Reserve the precipitate. Just neutralise the filtrate and washings with 
ammonium hydroxide and redissolvc the precipitate in 10 c.c. of concentrated 
hydrochloric acid. Again stand overnight, filter and wash with a solution 
containing 4 per cent, by volume of hydrochloric acid and 2*5 per cent, by 
weight of oxalic acid. Ignite the precipitate, redissolve it in 10 c.c. of hydro- 
chloric acid and filter if necessary. Dilute the solution to 500 c.c. and to it 
gradually add 100 c.c. of a hot 10 per cent, solution of oxalic acid. Allow to 
cool for sev<»ral hours, filter and wash with the hydrochloric-oxalic wash liquor 
as before. Combine with the reserved precipitate and ignite.^ The ignited 
precipitate contains the thorium, cerium, lanthanum and “ didymium ” as 
oxides.® The filtrate is reserved for the determination of phosphorus, alumi- 
nium, iron, manganese, yttrium, zirconium and alkaline earths. 


^ J. F. Bahr, Liebig's Ann,, 132 , 231, 1864. 

2 But even with Glaser’s improvement the operation is not altogether satisfactory. Thc^ 
thorium and zirconium may be first removed by Metzger’s process and the thorium and 
zirconium separated by the oxalic acid process. The method given here is that recommended 
by W. F. Hillebrand and G. E. F. Lundell (AjipUed Inorganic Analysis, New York, 418, 
1929). 

® The presence of uranium salts augments the solubility of cerium and lanthanum oxalates 
and therefore the precipitation will be imperfect in the presence of uranium salts, unless a 
large excess of oxalic acid is added — O. Hauser, Zcit. anal. Vhem., 47 , 665, 1908. 

* See footnote 7, page 567, if thorium in subsequently to be separated from cerium earths. 

® E. Hintz and H. Weber, Zeit. anal. Chem., 36 , 27, 1897; P. Drossbach, Zeit. angtw, 
Chern., 14 , 655, 1901; E. Benz, ib., 15 , 297, 1902; T. Scheerer, Pogg. Ann., 56 , 498, 1842; 
51 , 470, 1840; C. Haramelsberg, ib., 108 , 48, 1859; H. Rose, ib., 118 , 502, 1863; T. Thomson, 
Trans. Roy. 8or. Edin., 6 , 371, 1811; A. Connell, Edin. Phil. Joum., 20 , 300, 1842; K. 
Hermann, Journ. prakt. Chem., ( 1 ), 82 , 387, 1861; M. Holzmann, ib., ( 1 ), 84 , 78, 1861; T. 
Lange, ib., (1 ), 82 , 135, 1861 ; M. M. Delafontaine, Liebig's Ann., 131 , 105, 1864; J. Brush and 
S. L. Penfield, Amer. J. Science, (3), 25 , 459, 1883; G. Bf^dmann, Zeit. arwrg. Chem., 27 , 254, 
1901; H. du Bois and 0, Liebknecht, Ber., 3346, 1899. If much yttrium earths be 
present, the precipitate may be contaminated with them. The precipitate is then redissolved 
and the operations repeated. A similar remark applies if phosphorus be present. 
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T. The Anvmonium Oxalate Precipitate. 

6. Separation of Thorium from Cerium, Lanthanum and '' Didymium.’^ ^ — 
This separation is based on the solubility of thorium oxalate, and the “insolu- 
bility'’ of cerium, lanthanum and “ didyinium ” oxalat(‘.s, in a solution of ani- 
inonium oxalate containing a little ammonium acetate. A large <‘xcess of 
ammonium acetate should not be used, because cerium oxalate is slightly 
soluble in that reagent. When an excess of ammonium oxalate is present, a 
few c.c. of a solution of ammonium acetate will suffice to keep the thorium 
oxalate in solution. 

Dissolve the mixed oxides ^ in sulphuric acid, and just neutralise with 
ammonia. Add to the boiling solution an excess of a boiling solution of 
ammonium oxalate. In a short time, when the oxalates of the cerium earths 
have formed and before the liquid has cooled, add a solution of ammonium 
acetate.^ Cerium oxalate will be precipitated, while thorium oxalate remains 
in solution. Let the solution stand overnight. Filter and wash. Dissolve 
the precipitate in nitric acid and repeat the treatment, since otherwise some 
thorium will be precipitated and, later, contaminate the cerium.^ 

7. Determination of Thorium. Add an excess of ammonia to the filtrate, 
and thorium hydroxide will be precipitated. It is the general rule, in se})arating 
the rare earths in the })resence of alkali solutions, to dissolve the hydroxide 
and re])recipitate, since the hydroxides are particularly liable to adsorb alkali 
salts from the mother liquid. The thorium hydroxide may be purified by 
dissolving the precipitate, well washed in boiling water, in nitric acid. 
Neutralise the solution with ammonia; add 10 grins, of ammonium nitrate^ 
per 100 c.c. of solution; heat the solution to between 60° and 80'; add 20 c.c. 
(per 100 c.c. of solution) of a 10 per c.ent. solution of hydrogen peroxide ®; and 
boil the solution for a few minutes. A flocculent ])reci})itate of thorium 
hydroperoxide — Th(02H) (011)3 — separates. This cun be easily washed.’ Test 
some of the filtered solution by another treatment with an equal volume of 
hydrogen peroxide and boil. If no precipitate appears, filter the main solution 
while hot as rapidly as possible- and wash with a hot 5 per cent, vsolution of 
ammonium nitrate. The precipitate should be white. ^ If the precipitate has 
a yellow tinge, a little ceria may be present. In this case the precipitate 


^ The term “didymium” is here used for a mixture of praseodymium and neodymium. 

* The oxalates, obtained in the preceding separation, can be directly dissolved in excess 
of nitric acid, without prior igrution to oxides, and the solution evaporated to dryness. 

® If the ammonium acetate bo added before the oxalate precipitate has formed, the 
mixture is inclined to give a turbid filtrate. 

* E. Hintz and H. Wel)er, Zeit. anal. Chem.^ 36 , 27, 18fi7; E. Benz, Zeif. angev\ Chem., 
15 , 297, 1902. For the solubility of thorium oxalate, see R. Bunsen, Pogg. Ann., 155 , 380, 
1875. E. Benz 8 ay.s that “ under no circumstances is it possible to get a satisfactory separa- 
tion of thorium from cerium by ammonium oxalate in the preseiuje of ammonium acetate.” 
If there is any difficulty, use Metzger’s procc.ss, page 572. 

* If the ammonium nitrate be omitted, it is so difiic.ult to calcine the voluminous 
gelatinous precipitate without loss of fine dust, that it is advisable to dissolve the precipitate 
in hydrochioric acid and reprecipitate with ammonia. 

* Traces of phosphoric oxide and cerium, if present, will be precipitated as cerium phos- 
phate with the thorium. If an appreciable time elapses between the precipitation and the 
filtration of the thorium hydroperoxide, the greater the risk of contamination with ceria. 

’ This behaviour with hydrogen peroxide distinguishes thorium and zirconium from 
cerium and yttrium compounds. 

* P. T. Cleve, Bull. ^oc. chim., (2), 43 , 53, 1885; G. Wyrouboff and A. Verneuil, i 6 ., (3), 
19 , 219, 1898; Chem. News, 77 , 245, 1898; Compt. rend., 126, 340, 1898; 127 , 412, 1898; 
128 , 1331, 1899; L. de Boisbaudran, 16 ., 100 , 605, 1885; E. Benz, Zeit. angew. Chem., 15 , 297, 
1902. For another method of purifying the thorium oxide, see page 572 — ^Metzger’s process. 
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must be redissolved in nitric acid ^ and again precipitated from its neutral 
solution as in the first instance. The precipitate is finally ignited in a 
platinum crucible and weighed as thorium oxide — ThOg. 

8. Separation of Cerium from Lanthanum and '^Didymium ” — Dissolve 
the oxalates of the cerium earths in nitric acid, add the solution to the filtrate 
and washings from the thorium separation and })oil to expel excess hydrogen 
peroxide. Add a slight excess of sodium hydroxide to precipitate the gelatinous 
hydroxides of cerium, lanthanum and “didymium.^’ The precipitated earth 
acids may here be filtered off, washed, ignited and weighed as “cerium earths.” 
This weight would then include lanthana and “didymia.'’ To se])arate the 
cerium, 2 wash the preci])itated hydroxides thr(*e or four times by de<^antation, 
dissolve them in the minimum excess of hydrochloric acid, neutralise the 
solution with ])otassium liydroxide and add about 2 grins, in excess. Dilute 
the solution to about 200 c.c. and pass a slow current of chlorine gas through 
the solution, agitating the mixture from time to time. When the liquid no 
longer has an alkaline reaction and is saturated with (‘hlorine, the cerium 
hydroxide will have lieen oxidised to lemon-yellow c(‘rium dioxide, which 
remains as an insoluble precifiitate, wh(‘reas the lanthanum and “ didymium ” 
hydroxides will have dissolved.^ Boil for a few minutes, dilute with an equal 
bulk of Walter and let the mixture stand in a corked flask for 21 hours. Filter 
and wash the cerium dioxide with hot w^ater. While the precipitate is still 
moist, dissolve it in hydrochloric acid and repeat the w'hole precipitation.^ 
Dissolve the second precipitate in hydrochloric acid and add ammonium oxalate 
to the solution. Wash and ignite the ])recipitated cerium oxalate and weigh 
as cerium oxide — CeOg. (k^riurn oxide has a light rose colour and it dissolves 
in sulphuric acid, giving a yellow solution. The colour is bleached by the 
addition of sulphurous acid and restored by the addition of hydrogen peroxide 
or sodium peroxide.^ 

9. Determination of Lanthanum and “ Didymium .'' — Owing to the laborious 
nature of the process for the s(*paration of these bases, they are often j)recipitated 
together as oxalates in the filtrate from the cerium dioxide, calcined and 


* White thorium hydroxide, Th(()H) 4 , readily dissolves in ordinary mineral acids; the 
oxide, ThOg, is practically insoluble in these acids, but it dissolves in hot fuming sulphuric 
acid and it can be converted into a soluble sulphate by fusion wdth sodium pyrosulphate. 

2 G. Mosander, Journ. praki. Chnn.^ ( 1 ), 30 , 276, 1843; H. St 0. Deville, Compt, rend., 
59 , 272, 1804; P. Sehiitzenberger, Compt. rend., 120 , 068, 902, 1148, 1890; 124 , 481, 1897. 

® O. Popp {Liehu/s J/in., 131 , 3o9, 1804) used sodium hypochlorite in place of chlorine 
gas for the separation; W. Gibbs (Zed. anal. Chem., 3 , 390, 1804) oxidised the solution with 
lead peroxide; H. Zschiesche (ib., 9 , 541, 1870), red lead; C. Winkler (ih., 4 , 417, 1805; 
E. J. Roberts, Amer. J. Science, (4), 31 , 350, 1911), potassium permanganate; O. N. Witt 
(Chem. Jnd., 11 , 19, 1896), sodium peroxide; G. Wyrouboff and A. Verneuil (Bull. Soc. chim., 
(3), 19 , 219, 1898; Chem. Newa, 77 , 245, 1898), hydrogen peroxide; L. HaW (Monats., 
18 , 093, 1897), W. Muthmanii and H, Rolig (Ber., 31 , 1720, 1898), P. E. Browning and 
E. J. Roberts (Amer. Journ. Sci., (4), 29 , 45, 1910) and S. J. Johnstone (Journ. Soc. Chem. 
Ind., 33 , 55, 1914), bromine. G. Rricout (Compt. rend., 118 , 145, 1894) suggested a separation 
based on the solubility of cerium carbonate in chromic acid; M. M. Pattison and J. Clarke 
(Chem. News, 16 , 259, 1867) decomposed the chromate by heat; and H. Rolnnson (ib., 54 , 
229, 1880) based a process on the different solubilities of the nitrates. 

* It is said that even 5 to 10 repreeijutations fail to remove entirely the associated rare 
earths. 

® For the detection of cerium, seti F. Wirth, Chem Ztg., 37 , 773, 1913; F. Feigl, ib,, 441 
689, 1920; Chem. Zentr., (4), 592, 1919; L. Fernandes, Cazz. Chim. Ital., 55 , 616, 1925; 
J. Lukas and A. Jflek, Zeit. anal. Chem., 76 , 348, 1929; Chem, Lisiy, 23 , 417, 1929; A. S. 
Kornarovskii and S. M. Korenmann, Mikrochem., 12 , 211, 1932; F. M. Shemyakin, Zeit, 
anorg. allgem, Chem,, 217 , 272, 1934; J. F. Miller, Ind, Eng. Chem. Ami. Ed., 9 , 181, 
1937. 
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weighed as a mixture of “La 203 -f-DigOg.” ^ Damour and Deville’s process ^ 
of separation is based on the fact that, when a mixture of “didymium'’ and 
lanthanum nitrates is heated, the ‘'didyrnium’' nitrate decomposes before the 
lanthanum nitrate and forms a sparingly soluble “didymium subnitrato.” ^ 
The filtrate from the cerium dioxide is boiled to eliminate the chlorine and 
treated with an excess of ammonia. The precipitated “didymium” and 
lanthanum hydroxides are washed and dissolved in nitric acid. The solution 
is evaporated to dryness in a small })latinum basin. The dried mass usually 
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Fid. IJG. — “ Didymium " Sulphate. 




Fio. 117. — Lanthanum Sulphate. 


has a pale rose colour. Heat the basin to a temperature of about 450'" in a 
small muffle.^ Care must be taken not to overheat the mixed salts near the 
bottom of the basin. The salts fuse and give off nitrous fumes. It is difficult 
to ensure uniform heating if a large quantity of the mixed nitrates is being 
treated. The result is better when small quantities are treated. In about 
half a minute remove the basin from the source of heat. When nearly cold, 
add hot water. The lanthanum nitrate dissolves, while greenish-grey flakes 
of “didymium” subnitrate remain undissolved. After the mixture has stood 
a couple of hours, boil and filter. If the filtrate has a pink colour, evaporate 


^ See footnote 1 , page 567. 

* A. A. Damour and H. St C. Deville, Bull. 80 c. chim., (2), 2 , 339, 1864; P. Schiitzen* 
berger and O. Boudouard, Compt. rend.^ 122 , 607, 1896; 123 , 782, 1896; 126 , 1648, 1898; 
L. .F. Nilson, ih., 88 , 642, 647, 1879. 

* A suspenBion of lanthanum hydroxide in dilute potash on treatment with bromine 
water disBolves far more readily than the hydroxides of neo- and prasoo-dymium, and hence 
P. E. Browning {Omnpt. re^ui., 158 , 1679, 1914) recommends a triple application of this process 
for the separation of lanthanum from the “didymiums.” The method is quicker but not so 
exact as the fractional crystallisation of the double ammonium nitrates of the metals. 

^ A small electric furnace with a pyrometer is excellent for the purpose. 
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again with nitric acid and repeat the operation until a colourless liquid is 
obtained. Two or three repetitions of the process may suffice. According to 
Cleve, a repetition of the process fourteen times will give a solution in which 
the spectroscope can detect no “didymium.” The “didymium” subnitrate 
is calcined until its weight is constant and weighed as “didymium'’ oxide — 
DigOg. The “didymia” so obtained varies in tint from pure white to pale 
cinnamon brown — usually a pale yellowish-brown oxide is obtained which is 
readily soluble in dilute nitric acid. 

The lanthanum solution is also evaporated to dryness in a weighed dish, 
the residue ignited and weighed as oxide- LugOg. A slight trace of lanthanum 
nitrate may be decomposed when the nitrates are calcined; as a result, the 
amount of “didymia'’ - DigOg reported above is usually a little high and the 
lanthana - LagOg ~a little low. The lanthanum oxide generally has a ])ale 
yellowish-brown colour (if pure it would be white) and it is soluble in acids — 
e.(j, dilute nitric*, acid. 

When “didymium'’ oxide is treated with sulphuric acid, reddish-violet 
crystals (oblique rhomboidal prisma) of “didymiuni'’ sulphate (fig. 116 ) are 
obtainable, while lanthanum sulphate gives colourless needles (right rhomboidal 
prisms) (fig. 117). Ideally perfect crystals are also shown in outline. Some 
needles of lanthanum sulphate can usually be detected among the platc'S of 
didymiuin ’’ sulphate, and conversely.^ 


IT. The Filtrate from the Ammonium Oxalate Precipitate. 

10. Determination of Aluminium and Phosphorus. Add an excess of 
ammonia to the solution ^ remaining after the separation of the oxalates of the 
thorium and cerium groups. Filter and wash the precipitated hydroxides 
and phosphates. The filtrate may contain traces of cerium and thorium, 
which are usually neglected. The washed precipitate is dried and fused with 
sodium carbonate. The cold cake is extracted with water. Filter off* and wash 
the insoluble residue. The solution contains sodium phosphate and sodium 
aluminate. Bring the solution to a definite volume, and determine the phos- 
phorus in one portion (page 672), and the combined aluminium and phosphoric 
oxides in another (page 164). 

11. Determination of Calcimn . — Dissolve the insoluble residue left, after 
leaching the sodium carbonate fusion with water, in dilute hydrochloric acid.® 
Add ammonia, filter and wash. Precipitate the lime as calcium oxalate from 
the filtrate in the usual manner (page 202). 

12. Determination of Iron and Manganese. -' D'ihsoXwq the precipitate in hot 
dilute hydrochloric acid and neutralise the solution with dilute ammonia. 
Pour the solution slowly, with constant stirring, into a cold mixture of ammon- 
ium carbonate and sulphide.^ Iron and manganese sulphides are precipitated, 


^ For the separation of lanthanum from other metals of the cerium group by electrolysis, 
see J. W. Neckers and H. C. Kremers, Joum. Amer. Chem. Sor., 50, 950, 1928. For the 
analysis of lanthanum, see A, M. Vasil’ev, Uchenuie Zapiski Kazan Oosndarst Univ., 90, 
997, 1930. For the separation of neodymium from beryllium, titanium, uranium and 
barium by precipitation as oxalate, see T. O. Smith and C. James, Chem. News, 107, 205, 1913. 

* This solution may contain aluminium, phosphorus, iron, manganese, calcium, magnesium, 
beryllium, zirconium and yttrium. 

* To make sure that all the zirconium is dissolved, incinerate the filter-paper and fuse with 
a little sodium carbonate. Take up in acid and add the solution to the main solution. 

* The amount of ammonium carbonate should more than suffice to retain the oxides of 
yttrium, beryllium and zirconium in solution; and the ammonium sulphide should suffice to 
precipitate all the iron and manganese. 
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while zirconium, beryllium and yttrium remain in solution. The precipitated 
iron and manganese sulphides can be separated in the usual manner. 

13 . Separation of Beryllium from Zirconiurn and Yttrium. — Boil the filtrate 
for an hour^; beryllium, zirconium and yttrium hydroxides are precipitated. 
Filter and wash. Dissolve the precipitate in dilute hydrochloric acid.^ Treat 
the cold solution with an excess of sodium hydroxide, when zirconium and 
yttrium hydroxides are precipitated. The beryllium remains in solution. 
Boil the diluted filtrate one hour, when beryllium hydroxide is precipitated. 
Wash the preci])itate and treat as described on page 493 . 

14 . Separatum of Zirconium and 17 /nww. - This separation® is based on 
the fact that potassium yttrium sulphate, 3K2>S04.Y2(S04)3, is soluble in 7 to 8 
parts of a feebly acid solution of potassium sulphate, while the corresponding 
potassium zirconium sulphate is practically insoluble in the same menstruum.^ 
The operation is conducted in the following manner: — Dissolve the precipitate ® 
containing the mixed zirconium and yttrium hydroxides in a little concentrated 
sulphuric acid.® Stir the ice-cold solution with a saturated solution of potas- 
sium siilphat(‘.' This preci])itates a basics double potassium zirconium 
sulphate ^ ])ossibly Zr203(KS04)2.8H20 — which is practically insoluble in 
iee-(;old water and in solutions of potassium sulphate. Filter® and wash 
with an ice-cold solution of potassium sulphate. The double sulphate is 
decomposed by boiling with a concentrated solution of sodium hydroxide. 
The compact zirconium hydroxide is washed, first by decantation and then 
on the filter-j)aper. The precipitate is dissolved in hydrochloric acid,^® re- 
pre(d])itated with ammonia, filtered, washed, ignited and weighed as zirconia 

- Zr02 (page 555 ). 

The filtrate from the })otassium zirconium sulpliate is treated with an 
excess of ammonia.*^ The j)recipitate is filtered, washed, dissolved in acid, re- 
precipitated with ammonia, washed, ignited and weighed as yttria — Y2O3. 
The yttria so obtained is usually pale straw-yellow (if pure, it would be 
white) and soluble in warm acids. 


^ Or add hydrochloric acid to the solution and boil to expel the carbon dioxide. Cool and 
treat the solution with sodium hydroxide as indicated below. 

^ Incinerate the filter-paix^r and treat the ash as indicated in footnote 3, page 570. 

® J. J. Berzelius, Pogg. Ami., 4, 135, 1825; C. M. Warren, ib., 102, 449, 1857; E. Linne- 
mann, Momiis., 6 , 335, 1885; C. Marignac, Ann. Chim. Phys., (5), 20, 535, 1880; Compt. 
re.nd., 90, 899, 1880; Chem. News, 41, 250, 1880; M. M. Delafontaine, ib., ii, 241, 253, 
1865; G. Kriiss, ib., 64, 65, 75, 100, 120, 1891; Liebig\H Ann., 265, 1, 1891; G. Urbain, Ann. 
Chim. Phys., (6), 19, 184, 1900. 

* When zirconia compounds arc fused with potassium bisulphate, the insoluble double 
sulphate remains behind when the cold cake is extracted with water. Neither sodium nor 
ammonium sulphate can be used in place of the potassium salt, because they do not give 
a sparingly soluble double salt. 

^ Incinerate and treat the filter-paper ash as indicated in footnote 2 above. 

® Sulphuric acid is preferable to nitric and hydrochloric acids, since, if chlorides or nitrates 

present, some yttrium may be precipitated. 

’ Potassium Sulvhatk. — T he finely powdered salt is ground in a mortar with water at 
about 30°, but not at a higher temperature. 

* The eorrcspojwling sodium and ammonium salts are fairly soluble in water. 

* The precipitat43 sometimes sticks tenaciously to the sides of the beaker. 

The filter-paper is incinerated, etc., as usual. 

C. Kersten, Pogg. Ann., 47, 392, 1839; H. Rose, ib., 118, 508, 1863; R. Fresenius and 
E. Hintz, Zeit. anal. Chem., 35, 532, 1896; O. Boudouard, Bull. 80 c. chim., (3), 19, 11, 1898; 
G. Krfiss and L. F. Nilson, Ber., 20, 1677, 1887. According to C. F. Whittemore and C. James 
(Joum, Amer. Chem. 80 c., 34, 772, 1912) the precipitation of yttrium hydroxide by sodium or 
ammonium hydroxide gives high results in the presence of potassium or sodium salts; they 
recommend one precipitation with ammonium sebacate in the presence of sodium salts and 
two precipitations in presence of potassium salts. 
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The scheme of analysis may now be summarised (precipitates and solids 
on left, filtrates and solutions on right) : — 

Boil cake from NallSO, fiajion with much water an<l HaSC>4. 


i I 

Digest with (Nli^^a^^- 

j--__ - , 

JJigest with II2SO4 ami ITjOj. Tin ; Tungsten. 

j— . . _____ _ 

Lead ; Silica. iioii with so^. 

I ___ j 

i I 

Fuse with KHSO4; digest with (N I l4V’2^4 »ih 1 Treat H^S. 

salievlic acid; l)pi. with Ca( 1 

!- - , : 

Columbium; Tantalum. Titanium. j 

HaS group. Oxalic acid. 

, __ j 

Alum, oxalate and acetate. NJI3; fuse Na..('()s; iligcst ll«0. 

1--- i ‘I - -■---1 

Kon aud Cl. Thorium. Dissolve in II Cl; add Ml 3. Phosphorus; 

j Aluminum. 

Cerium. Kitratos; calcine; treat HjO. HC1; iimm. carb, and sulphide. Calcium; 

j ' I Magnesium. 

^Oidymium.’’ Lanthanum. Iron; Minganese. Boil; lici; Na,()lT. 

I I 

H2v‘^ 04; treat K2SO4. Beryllium. 

!■ -• - I 

Zirconium. Yttrium. 

§ 281. The Gravimetric Determination of Thorium — 
Metzger’s Process. 

Metzger’s process ^ is based on the fact that a saturated solution of fumaric 
acid in 40 per cent, alcohol quantitatively precipitates white flocculcnt thorium 

^ F. J. Metzger, Journ. Amer. Chem, 8 oc,^ 24 , 901, 1902. A. C. Neish (./owrw. Amer, 
Chem. Soc., 26 , 780, 1904; Chem. News, 90 , 190, 201, 11M)4; A. Kolb and H. Ahrle*, Ze.it. 
angev), Chem., 18 , 92, 190o) separated thorium by mctanitroberizoic acid; L. M. Dennis and 
F. L. Kortrighi {Amer. Chem. Journ., 16 , 79, 1894; Journ. Amer. Chem. S<jc., 18 , 947, 1890; 
T, Curtius and A. Darapsky, Journ. prakt. Chem., (2), 61 , 408, 19(K1), by sodium azide — NaNj,; 
J, J. Chydenius {Pogg. Ann., 119 , 45, 1861; R. Fresenius and E. Hintz, ZeiL anal. Chem., 
35 , 525, 1896; G. P. Drossbach, Zeii. angew. Chem., 14 , 656, 1901; E. Benz, ib., 15 , 302, 
1902; O. Hauser and F. Wirth, ?' 6 ., 22 , 484, 1909; S. J. Johnstone, Journ. Soc. Chem. Ind., 
33 , 55, 1914), by boiling with sodium thiosulphate; T. O. Smith and C. James {Journ. Amer. 
Chem. Soc., 34 , 281 , 1912), by scbacic acid; M. Koss {Chem. Ztg., 36 , 686, 1912; A. Rosenheim, 
ib., 36 , 821, 1912; F. Wirth, Zeit. angew. Chem., 25 , 1678, 1912; Chem. Ztg., 37 , 773, 1913; 
F. Hecht, Zeit. anal. Chem., 75 , 28, 1928), by sodium by pophosphate ; A. Kolb {Journ. prakt. 
Chem., (2), 66 , 59, 1903), by aniline; R. J. Meyer and M. Speter {Chem. Zitg., 34 , 306, 1910; 
R. J. Meyer, Zeit.anorg. Chem., 71 , 65, 1911), by potassium iodate; F. Garelli and G. A. 
Barbieri {Zeit. arujew. Chem., 19 , 895, 1906; Chem. Ztg., 30 , 433, 1906; C. H. Bohm, Chem., 
Ind., 29 , 452, 1906), by salicylic acid; W. M. Thornton {Amer. Jemrn. Sci., (4), 42 ^ 151, 1916; 
N. I. Mateev, Zhur. Prikladnoi Khim., 4 , 275, 1931), by cupferron; F. Hecht and W. Reich- 
Rohrwig {Monais., S 3 and 54,596, 1929) by 8 -hydroxyquinoline ; J. Kota {Chem. Listy, 
27 , 79, 100, 128, 150, 194, 1933), by selenicacid; W. B. Giles {Chem. News, 92 , 1, 1905; A. C. 
Neish and J. W. Bums, Can. Chem. Met., 5 , 09, 1921) by lead carbonate. See also B. L. 
Hartwell, Jmm. Avmst. Chem. ISoc., 25 , 1128, 1903; Chem. News, 89 , 16, 27, 1904. Thorium 
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oxide from neutral solutions containing 40 per cent, alcohol by volume. The 
only other metals precipitated are zirconium (completely), erbium (partially), 
silver and mercury. The trial results are excellent. Cerium,^ lanthanum, 
“didymium,’’ yttrium, samarium and gadolinium give no precipitates in hot or 
cold solutions under the same conditions. Similarly with salts of copper, gold, 
manganese, calcium, strontium, barium, zinc, cadmium, boron, aluminium, 
tin, lead, phosphorus, arsenic, antimony, bismuth, uranium, vanadium, 
tungsten, iron, cobalt, nickel, platinum. 

First Precif italion . — The precipitated oxalates (page 560) are washed and 
rinsed into a beaker, mixed with 20-25 c.c. of concentrated caustic potash and 
boiled. Dilute the solution with water, filter and wash. Dissolve the pre- 
cipitated hydroxides in dilute nitric acid (1:1) and evaporate the solution to 
dryness on a water bath. Dissolve the residue in 50 c.c. of water and add 
sufficient alcohol and water to give 200 c.c. of solution, containing 40 per cent, 
of alcohol by volume. Add 20 to 25 c.c. of fumaric acid ^ and heat the sohition 
to boiling. Filter while hot and wash the precipitated thorium several times 
with hot 40 per cent, alcohol. 

Second Precijiitafion . — Return the filter-y)aper and the precipitate to a 
beaker. Add 25 30 c.c. of dilute hydrochloric acid (1 : 1). Heat the solution 
to boiling and filter off the paper. Wash with dilute acid and evaporate the 
filtrate and washings to dryness on a water bath. Agitate the solution and 
wash down the sides of the basin, every now and again, to prevent the residue 
clinging to the sides. While still on the water bath, loosen the residue from 
the bottom of the basin by stirring with a “policeman.” The carbonaceous 
matter does not interfere. Add sufficient 40 per cent, alcohol to make the 
solution occupy about 150 c.c., add 10 c.c. of fumaric acid solution and heat 
to boiling. Filter and wash with 40 per cent, alcohol. Ignite and weigh as 
thorium oxide -ThOg. 

Evaluation of Thorium Minerals,^ The thorium minerals are evaluated on 
their thorium contents. Most of the commercial thoria comes from monazite 
sand, which has about G per cent, of ThOg; a little comes from thorianite, 
which has about 80 per cent, of ThOg. The following process of evaluation has 
been tacitly recognised by buyer and seller as a kind of standard: — 

Heat 12-5 grm. of the sand to 180*^-200“ with 50 e.e. of (concentrated sulphuric acid.* 
In 2 or 3 hours the grains will be all broken up. Dilute the cold mixture with 300-400 
c.c. of wat(*r and filter. Make the solution up to 500 c.c. Agitate 200 c.(;. (5 grms. 
of sample) with 180 c.c. of a cold saturated solution of oxalui acid. Let stand over- 
night (about 12 hours) and filter. Wash the precipitate with dilute hydrochloric acid 
or water until the runnings are free from phosphates. Reject the filtrates. Ignite 
the dried precipitate and dissolv^e it in hydrochloric acid (sp. gr. 116). Evaporate to 
dryness, add a few c.c. of water and again evaporate to dryness. Dissolve the acid-free 
chlorides in 200 c.c. of water and add 9 grms. sodium thiosulphate in 30 c.c. of water. 


is precipitated quantitatively by ammonium molybdate — F. J. Metzger and F. W. Zons, 
Journ, Ind. Emj Chem.^ 4, 493, 1912. R. .1. Carney and E. D. Campbell (Journ. Amcr. 
Chem., 8oc,t^6f 1134, 1914) find that sodium pyrophosphate precipitates thorium, ceric cerium 
and zirconium pyrophosphates in 0*3N-hydrochloric or sulphuric acid solution, while cerous 
cerium and the other rare earths give readily soluble pyrophosphates. 

^ If much cerium be present, a little may be precipitated during the first precipitation 
of the thorium oxide. 

* Fumabio Acid Solution. — Dissolve 1 grm. of fumaric acid in 100 c.c. of wato. 

* E. White, Thorium, and its Compounds^ London, 1912; 0. R. Bohm, Die Fabrikation 
der Oliihkorper fiir Oasgliihlichty Halle a. S., 1910. 

* M. M. Delafontaine {Chem. News, 75, 230, 1897) opens up thorite by fusion with potas- 
sium hydrogen fluoride, whereby the rare earths are obtained as fluorides insoluble in dilute 
hydrofluoric acid; the fluorides are subsequently converted into sulphates* 
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After standing 12 hours, boil for 10 minutes, filter and wash th(»- pre(tipitatt‘ until 
ammonia gives no turbidity. Boil the filtrate for an hour and eollei-t the precipitate* A 
as before. Reject the filtrate*. The first precipitate is dissolved in 5 per ct*nt. hydro- 
(diloric acid. The acjid solution is evaporated to dryness, taken up with 150 c.(!. of water 
and treated with 3 grins, of sodium thiosulphate as before*. The filtrate is treated 
with ammonia and boiled. The precipitate is washed and mixed with A. The 
thiosulphate precipitate is dissolved in acid, the solution evaporated and treated 
with thiosulphate as before. Tlu> precipitate is washed until it gives no turbidity with 
ammonia. I'he filtrate is precipitated with ammonia, w^hile the thiosulphate precipitate 
is again subje(*ted to the preceding treatment until tlxe filtrate gives no pretdpitate with 
ammonia. Three thiosuljihate re precipitations generally suflicu*. The last thiosulphate 
precipitate is dissolved in 5 per c<*nt. hydrochloric acid and the solution made up to 
150 c.c. ; 10 c.c. of coiKH'ntrated hydrochloric aedd are addt'd and then 30 c.c. of 
saturated oxalic acid solution. The liquid is kept b(‘twt*en 30 ’ and 40 ’ for 2 to 3 
hours and, after standing overnight, filtered, vva-sh(‘d, dried, ignitt'd and w*eighed as 
ThOg. The ammonia precipitates and the precipitate A are mixed and re-worked for 
thoria. The yield from the re-working is about 0 005 grm., or 01 ]mt cent., on the 5 
grm. sample.' 

§ 282. The Volumetric Determination of Cerium - 
Knorre’s Process. 

CVriuin can be determined voliimetrically in the ])resence of tliorium, lan- 
thanum and “didymium,” by Knorre’s process.**^ This is based on the fact 
that ccrous salts are oxidised to yellow ceric salts by the action of ammonium 
persulphate in sulphuric acid solution, and the ceric salts are reduced to 
colourless cerous salts by the action of hydrogen peroxide : 


2Ce02 + + % + HgO 


If, therefore, an excess of a solution of hydrogen })eroxide of knowm strength be 
added to the yellow ceric salt, the excess of hydrogen peroxide can be deter- 
mined by back titration with potassium permanganate. With freshly prepared 
solutions of the ceric salts, the reduction with hydrogen jieroxide is 
instantaneous and the permanganate is also decolorised at once. With 


' For the analysis of raonazite, see J. C. H. Miiigaye, Rerordfi Gaol. Sur. N.S. 8 , 

276, 1909; 0. Glaser, Journ. Amer. Chem. 80c., i 8 , 782, 1896; H. J. Carney and E. D. (7amp- 
Ml, ib.f 36 , 1134, 1914; F. J. Metzger and F. VV. Zons, Journ. Ind. Eng. Chern., 4 , 493, 
1912; S. J. Johnstone, Journ. Soc. Chem. hul., 33 , .'SO, 1914; H. B. Moore, IJ.8.A. Btir. 
Mines Bull., 212 , 320, 1923; P. Wenger and P. Christin, Ann. Chitn. anal. Chirn. nppl., 4 , 231, 
1922; G. Chesnau, Compt. rend., 153 , 429, 1911; F. Heeht and E. Kroupa, Zeit, anal. Chem., 
102 , 81, 1935; H. H. Helmick, Journ. Amer. Chem. 80c., 43 , 2003, 1921; C. James and 

A. J. Grant, iL, 38 , 41, 1916; A. M. Ismail and H. F. Harwood, Analyst, 62 , 185, 1937. 

2 G. von Knorre, Zeit. angew. Chem., 10 , 685, 717, 1897; Ber., 33 , 1924, 1900; A. Job, 
Compt. rend., 128 , 101, 180, 1899; E. Hintz, Zeit. anal. Chem., 37 , 94, 504, 1898; Chem. 
News, 79 , 25, 41, 1899; G. P. Drossbach, Ber., 29 , 2452, 1896; 35 , 2830, 1902; A. Waegner 
and A. Muller, ib., 36 , 282, 1903; F. J. Metzger, Journ. Amer. Chem. 8oe., 31 , 523, 1909; 
L. Schneider, Dingier' s Journ., 269 , 224, 1888; W. Muthmann and L. Weiss, Liebig's Ann., 
331 , 1 , 1904; T. Lindeman and M. Hafstad, Zeit. anal. Chem., 70 , 433, 1927; G. Autie, 
Bull. 80c. chim., (4), 41 , 1535, 1927; H. N. Furman, Journ. Amer. Chem. 80c., 50 , 755, 
1928. For the determination of cerium by the titration of cerous salts in neutral solution 
with permanganate, sec B. J. Meyer and A. Schweitzer, Zeit. anorg. Chem., 54 , 104, 1907; 
V. Lenher and C. C. Meloche, Journ, Amer. Chem. 80c., 38 , 66 , 1916; L. A. Congdon and 
E. L. Ray, Chem. News, 128 , 233, 1924; B. Brauner, ib., 71 , 285, 1895; G. A\Lti6,BuU. 80c. 
chim., (4), 41 , 1535, 1927; F. Stolba, Chem. Centr., (3), 595, 1879; G. A. Barbieri, Atti. 

B. Accad. Lincei, ( 6 ), 25 , i, 37, 1916. For other volumetric methods, see J, §tdma>Boehm 
and V. Matula, Rcc. Trav. chim., 44 , 400, 1925; R. Lessing, Zeit. anal. Chem., 71 , 161, 1927; 
R. Lang and J. Zwerina, ib., 91 , 5, 1932. 
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solutions whi(’h have ))ee]] ex})Osed to the air for some time, the reduction may 
take a quarter of an hour. Hence, if an old solution be titrated with per- 
manganate within a quarter of an hour after adding the hydrogen peroxide, 
the results will be low. When the reduction is comj)leted, the total perman- 
ganate consumed with both old and new solutions is the same. If an old 
solution be boiled for a few minutes with dilute sulphuric acid and cooled, 
before adding the hydrogen peroxide, the rate of the reduction is accelerated. 

Oxidation of Cerous to Ceric Salts , — Acidify the solution in an Erlenmeyer’s 
flask with dilute siil])hiiric acid,^ and add 2 grms. of ammonium persulphate ^ 
to the cold solution. Heat the solution to boiling for a couple of minutes. 
Cool to between 40° and 60° by dipping the flask containing the solution in cold 
water. Add half a gram of ammonium persulphate,*^ heat the solution to 
boiling for about T) minutes; cool, add another half gram of the persulphate 
and boil 15 minutes, adding more dilute sulphuric acid towards the end of the 
boiling in order to decom])ose all the ammonium persulphate. Cool.^ 

The Titration. - - Avidity the solution with sulphuric? acid, and then add an 
excess of hydrogen peroxide.^ The liydrogen peroxide is added from a burette 
until the solution is decolorised, and then a small excess of the peroxide is 
run into the solution. When the reaction between the yellow ceric salt and 
the hydrogen peroxide is over, titrate the residual hydrogen peroxide with 
potassium permanganate until the solution acquires a rose colour which persists 
for at least half a minute.® 

Calculation. Supf)ose that (1) 25 c.c. of the hydrogen peroxide solution 
react with 29-8 c.c. of a solution of potassium permanganate, containing 
1*934 grms. of the salt })er litre,’ and (2) after adding 25 (*.c. of the hydrogen 
peroxide solution to the solution of ceric cerium, 12*2 c.c. of permanganate are 
needed to rea(?t with t he excess of hydrogen peroxide. The ceric salts in the 
solution thus correspond with 29*8 - 12*2 = 17*6 c.c. of the permanganate. 
Tht? rea(?tion between the permanganate and the hydrogen peroxide is repre- 
sented by the equation — 

2KMn04 -f blLOo + aHsSO^^ K^SO^ + 2MnS04 + 8H2O + bOg 
and that between ceric sulphate and hydrogen peroxide by - 
2 Ce(S 04)2 + H 2 O 2 0 e 2 (S 04)3 + H^SO^ -f 

Hence 2 grm. -molecules or 316*05 grins, of potassium permanganate correspond 
with 10 grrn. -atoms or 10 x 140-.13 grms. of cerium, that is, 10 x 172*13 grms. of 

^ According to T. Liiidemari and M. Hafstad {Zeit. anal. Chem.j 70 , 433, 1927) the solution 
should not contain more than 4-6 grms. nor less than 2-7 grms. of sulphuric acid per 100 c.c. 
and, in the. presence of ot hiir metals, at least 5 grms. of magnesium as sulphate must be added 
per gram of cerium to prevent spontaneous reduction of ceric*, sulphate. N. H. Furman 
{Journ. Amer. Chem. Sor., 50 , 755, 1928) failed to confirm some of these conclusions. 

^ H. H. Willard and V. Young {Journ. Amer. Chem. *Soc., 50 , 1379, 1928) use silver nitrate 
to accelerate catalytically the oxidation. The ceric salt is then titrated potentiometrically 
with standanl ferrous sulphate. For other potentiometric methods of determining cerium, 
see O. Tomii^.ek, Hec. Trav. chim., 44 , 410, 1925; I. A. Atanasiu, Journ.. Chirn. Phys., 23 , 501, 
1926; Bui. Chirn. Soc. Romdne Siiin.y 30 , 51, 1928; K. Someya, Zeit. anorg. Chem., 168 , 56, 
1927; 184 , 428, 1929; G. AutitS Bull. Soc. chirn., (4), 41 , 1535, 1927. 

® 3 grms. of ammonium persulphate suffice for the oxidation of 0*2 to 0*3 grm. cerium. 

* If all the cerium is initially present as ceric sulphate, this preliminary oxidation is 
unnecessary. 

* G. Auti<^ (f.c.) recommends that the hydrogen peroxide should be in concentrated nitric 
acid solution, otherwise errors may arise owing to the precipitation of ceric hydroxide. 

® The slow decomposition of potassium permanganate by cerous sulphate does not interfere 
with the recognition of the end-point in the permanganate titration, 

’ The permanganate solution should contain not more than about 2 grms. of the salt 
per litre* 
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Ce02. Consequently 17’6 c.c. of the permanganate solution correspond with 
(17*6 x0*0()1934 x 10 xl72*13)/316*05- 0*1854 grm. CeO^ in the solution. 
Phosphoric and titanic acids disturb the action. The results arc very fair if 
the above directions be carefully followed.^ 


^ For the separation of cerium as iodate, see P. H. M. P. Printon and James, Journ. 
Amer. Chem. <SW., 41, ld8(), 1919; as Huoride, K. Swohoda and K. Horny, Zeit. anal. Chem., 
67, 386, 1926; as phosphate, J. \V. Neckers and H. C. Kremers, Jovrn. Anar. (Ihem. Soc,^ 
50, 955, 1928. For the determination of cerium in lead alloys, see B. S. Evans, Analyst, 
58, 450, 1933. 
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CHAPTER XXXVI. 


SPECIAL METHODS FOR THE DETERMINATION 
OF BARIUM, STRONTIUM, CALCIUM AND MAGNESIUM. 

§ The Influence of Barium and Strontium on the Calcium 
and Magnesium Precipitates. 

The spectroscopic test for barium and strontium is generally applied to the 
ignited calcium oxalate precipitate when these elements are sought in a silicate 
analysis.^ These elements have characteristic spectra (Plate 1.). It is 
assumed that sufficient barium and strontium will be precipitated with the 


^ A small direct-vision spectroscopic with a scale is a very convenient adjunct for deciding 
if certain precipitates are properly washed. Pig. 118 illustrates the method of using the 



Ki«. 118. — Spectroscopic Test. 

spectroscope. The loop of platinum wire in the Bunsen flame (porcelain burner) has been 
dipped in a drop of the solution under investigation. F. von Kobell (Joum, prakL Chem,, 
(2), 3 , 176, 1871) applies the spectroscope test to silicates by placing the powdered mineral, 
moistened with hydrochloric acid, on a piece of platinum foil, perforated with small holes 
and bent in the form of a trough. The arrangement is held in the flame by a pair of platinum- 
tipped tongs. The spectra of barium, strontium and calcium are illustrated in Plate I. 
The spectroscopic method will detect mgrm. of baryta; Tffx/lTrtrd of strontia; and 

mgrm. of lime (Bunsen). Strontium, if present as phosphate, may elude spectro- 
graphio e 3 camination~-J . Meunier, ConipL rend., 182 , 1160, 1926, 
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lime to reveal their presence, in spite of the fact that barium and strontium 
oxalates are more soluble than the corresponding calcium oxalate.^ Hille- 
brand ^ says that “this assumption, in the case of strontium, is well founded, 
but it may be entirely fallacious in the case of barium.” For instance, a 
mineral containing 0*76 per cent, of barium gave no indication of barium under 
the conditions of the test. This is due to the solvent action of ammonium 
chloride upon the barium oxalate. In a series of experiments with artificial 
mixtures of calcium with barium and with strontium, it was found that 
strontium and barium are but very incompletely precipitated by the addition 
of a slight excess of ammonium oxalate, but a greater proportion is precipitated 
when a large excess of ammonium oxalate is used. With traces of strontium 
in the presence of a large excess of calcium, most of the strontium is pre- 
cipitated with the calcium ; but this action was not noticed with barium, a 
considerable proportion of the barium escaping precipitation with the calcium, 
and therefore being sought in the filtrate. With a double precipitation of 
the lime, much of the strontium will be associated with the lime but practically 
no barium, provided the amount of barium does not exceed 0*2 or 0*3 per cent. 
If more than this amount of barium be present, the precipitation by ammonium 
oxalate can be repeated a third and fourth time, or the strontium and barium 
can be recovered from the final lime precipitate and then sej)arated by the 
process described below. 

If barium be present, it may also contaminate the ammonium magnesium 
phosphate precipitate as barium phosphate. In that case, the barium must 
be removed ^ before precipitating the magnesium ammonium phosphate. 
Evaporate the filtrate from the calcium oxalate to dryness; ignite the residue 
in a porcelain dish to drive off the ammonium salts; take up the residue with 
water acidified with hydrochloric acid; add three drops of sulphuric acid; let 
the mixture stand about 12 hours. If a precipitate forms, filter and treat the 
precipitated barium sulphate as described below. Determine the magnesia in 
the filtrate as indicated on page 208. 

§ 284. The Separation of Calcium from Strontium and Barium - 
Stromeyer and Rose's Process. 

If strontium be present, most of it will be found associated with the lime. 
The separation of calcium and strontium is conveniently done by Stromeyer’s 
process improved by Rose.^ The mixed oxalates are ignited as usual and 
weighed as oxides. 


^ For the solubility of barium oxalate, see E. Groschuff, Btr., 34, 3313, 1901; F. Kohl- 
rausch, Zeit. phys. Chem., 64, J21, 1908. For strontium oxalate, see F. Kohlrausch, /,c.; 
H. Cantoni and D. Biotalevi, Bull. 80 c. chim., (3), 33, 27, 1905. 

* W. F. Hillebrand, Joum. Amer. Chem. Soc., 16, 81, 83, 1894; Bull, U. 8 . Oeol. Sur., 
422, 120, 1910; Chem. News, 69, 142, 147, 1894; C. A. Peters, Amer. Joum, 8 ci., (4), 12, 216, 
1901. For the determination of strontium as oxalate, see L. W. Winkler, Zeit. angew. 
Chem., 31, (1), 80, 83, 1918; K. N. Pochinok, Journ. Applied Chem, {U. 8 .S.R.), 5, 1078, 
1932; for barium as oxalate, B. N. Angelescu, Bull. Soc. chim. Romdnia, St 12, 1923. 

* R. Langley (Amer. J. Science, (4), 26, 123, 1908) removes the barium by precipitation 
with sulphuric acid just after the separation of silica; redissolves the precipitate in concen- 
trated sulphuric acid and reprecipitates it with water, in order to remove ferric and other 
sulphates. 

* F. Stromeyer, OilberVs Ann., 54, 245, 1816 ; H. Rose, Bogy. Ann., no, 292, 1860; R. 
Fresenius, Zeit. anal. Chem., 29, 20, 143, 413, 1890; 30, 18, 452, 583, 1891; 32, 189, 1893; 
Chem. News, 68, 213, 1893; J. L. M. van der Horn van der Bos, Chem. Weehb., 8, 5, 1911 ; 
8. P. L. Sorensen, Zeit. anorg, Chem., ii, 305, 1896; W. Noll, ib., Z99, 193, 1931; O. B. 
Winter, Journ. Ind. Eng. Chem., 8, 603, 1916; P. E. Browning (Amer. J. Science, (3), 43, 50, 
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Calcium . — Tlie oxides are dissolved in dilute nitric acid (1 : 5) in a small 
25 c.c. stoppered flask,’ and the solution evaporated to dryness at 150' to 160” 
in a stream of dry air in an attachment resemhlinj^ that used for lithium 
(fig. 121, page 603). Treat the dry mass in the stoppered flask with about 10 
times its weight of a mixture of equal volumes of absolute ether and absolute 
alcohol, in which the barium and strontium nitrates are but sparingly soluble, ^ 
while calcium nitrate is r(‘adily soluble. Let the flask stand about 12 hours, 
with occasional shaking. Filter through a small (5*5 cm.) filter-paper moistened 
with a few drops of the ether-alcohol mixture. Wash with the mixture of 
ether and alcohol until a drop of the washing gives no residue when evaporated 
to dryness on a clean piece of platinum foil ^ about six washings usually 
suffice. Evaporate the filtrate to dryness. Dissolve the calcium nitrate in 
water and precipitate the calcium as oxalate in the usual way (page 202 ). 

Strontium . — The strontium can be determined by differentje, or directly as 
follows. Dissolve the residue on the filter-paper in dilute nitric acid; collect 
the washings in a 50c.c. beaker and add sulphuric acid (1:2) almost equal in 
volume to the liquid in the beaker. In about 12 hours, filter off the precipitate, 
ignite ^ and weigh as sfrontiuni sulphate — 8 rS 04 . weight of strontium 

sulphate so obtained, multiplied by 0*5641, gives the corresponding amount of 
stroll tia — KSrO. 

Barhitu.— lf barium be present in the calcium oxalate precipitate, it will 
also be found with the strontium sulphate. The barium and strontium can be 
separated by the chroniat(‘ process described below. If barium and strontium 
are to be determined, it is advisable to combine the filtrates from the calcium 
oxalate with the strontium and barium separated from the calcium itself, 


1892; (H), 44 , 462, 1892; (%em. News, 67 , 45, 53, 1893; 65 , 271, 282, 1892; 66 , 3, 1892) 
recommends amyl alcohol in platn* of the mixture of alcohol and ether employed in Stromeyer 
and Hose/s process; L. Moser and L. Machiedo {Vhnn. Z/f/., 35 , 337, 1911) say that amyl 
alcohol offers no advantages over the ether-alcohol mixture. L. Szebelledy {Zvif. anal. 
Chem., 70 , 39, 1927; J\Iagyar Chvm.FoL.zSy Zentr., (2), 274, 1930) 

extracts first with absolute alcohol and then with isobutyl alcohol. 

^ A weighing bottle like fig. 1 , 6 , may Ix^ used for this purpose. 

2 About 0*0017 pc?r cent, of strontium nitrate. 

* Take care that no flame is near the ether-alcohol. The mixture is very inflammable. 

^ If the ignition tempcTature be too high, some of the sulphate may decompose. For 
the loss on heating strontium sulphate, see M. Darmstadt, Zeit. anal. Chern., 6 , 376, 1867; 
A. Mitscherlieh, Journ. prakt. Cheni.f ( 1 ), 83 , 485, 1861; J. Boussingault, Compt. rend.^ 64 , 
1159, 1867. 

® A rough separation of barium from strontium can be effected by digesting the mixed 
sulphates in a cold concentrated solution of ammonium carbonate. Wash the mixed sulphates 
into a funnel with a stopcock and fill the funnel with the solution of ammonium carbonate. 
J-<et the whole stand 12 hours. The strontium sulphate is converted into strontium carbonate, 
while the barium sulphate is but slightly affected. The precipitate is then washed w'ith hot 
water, dilute hydrochloric acid and Anally with w^atcr. Ignite and weigh as barium sulphate. 
The strontium is determined by neutralising the filtrate with ammonia, precipitation with 
ammonium carbonate, converting the ignited strontia into sulphate and weighing as strontium 
sulphate. If the barium predominates, an appreciable quantity of strontium sulphate 
escapes decomposition; and when the strontium is in excess, an appreciable quantity of 
barium sulphate will be decomposed. R. Fresenius, Zeit. anal. Chem.^ 29 , 20, 1890; S. G. 
Rawson, Joum. Soc. Chem. Ind., 16 , 113, 1897; H. Rose, Pogg. Ann., 95 , 286, 299, 427, 
1855. See P. Schweitzer (Contrib. Lab. State Univ., 1 , 1876; Proc. Amcr. Assoc., 187, 1877; 
J. L. Morgan, Journ. Amer. Chem. 80 c., 21 , 522, 1899; F. W. Kiister, Zeit. anorg. Chem., 22 , 
161, 1899) for the theory of tlie reaction. For the separation of strontium and barium 
through the ^fferential solubility of their bromides in amyl and isobutyl alcohols, see respec- 
tively P. E. Browning, Amer. Joum. Science, (3), 44 , 459, 1892, and L. Szebell 6 dy, Zeit. 
anal. Chem., 78 , 198, 1929, For the separation as silicofiuorides, see R. Fresenius, Zeit. 
anal. Chem., 29 , 143, 1890; R. Leo, Monats., 43 , 567, 1923; as chlorides, F. A. Gooch and 
M. A. Soderman, Amer. Journ. Sci., (4), 46 , 538, 1918. 
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and then apply the chromate process to the combined filtrates. But there 
are so many leakages of barium and other sources of error in the analysis that 
it is best to determine the barium on a separate sample, either by the hydro- 
fluoric decomposition process or by the process of decomposition indicated on 
page 581. 

§ 285. The Separation of Barium from Strontium and Calcium— 

Chromate Process. 

The separation of barium, strontium and calcium can be conveniently 
effected by (1 ) removing the calcium as nitrate by Btronieyer and Rose’s process, 
and then separating the barium and strontium by the chromate ]>roceas; or (2) 
separating barium from the neutral solution of the mixed chlorides by the 
chromate process, precipitating the calcium and strontium as carbonates by 
means of ammonium or sodium carbonate and, after transforming the car- 
bonates into nitrates, using Stromeyer and Rose’s process for the calcium and 
strontium. 

The transformation of the mixed carbonates or oxides into nitrates offers no 
difficulty, but the chlorides are not completely converted into nitrates by 
repeated evaporation with nitric acid.^ Jt is best to precipitate the car- 
bonates with ammonium or sodium carbonate and digest the carbonates with 
as little nitric acid as 2)ossible in a small flask, taking care to avoid loss by 
spurting. 

First Precipitation of Barium Chromate^ — Evaporate the mixed nitrates 
to dryness and dissolve the mixture in water. To the solution add an excess, 
say 10 c. c., of a solution of ammonium acetate heat the solution to boiling 
and gradually add, with constant agitation, 5 c.c. of ammonium dichromate 
solution.^ Let the precipitate settle and, when the solution is cold, decant the 
clear liquid through a filter-paper and wash the precipitate by decantation 
with a dilute solution of ammonium acetate ® until the filtrate is no longer 
perceptibly coloured. About 100 c.c. of liquid will be needed for the washing. 
Some strontium, if present, may be carried down with the barium chromate, 
hence the precipitate is dissolved in dilute acid and reprecipitated. 

Sexond Precipitation of Barium. Chromate. — Place a beaker under the funnel 
and dissolve the precipitate on the filter-paper by running warm dilute nitric 
acid (1:5) through the filter-paper, collecting the ‘"runnings” in the vessel 
in which the precipitation was first made. Wash the paper. Add ammonia 
to the solution until the precipitate which forms no longer redissolves when the 
solution is agitated. Add, with constant agitation, 10 c.c. of the concentrated 


^ If magnesium be present, 'it too will be precipitated, and the chromium must later on 
be separated from the flltrate before the magnesium can be precipitated as phosphate. The 
chromium is separated by reducing the chromate as described on page 534, and precipitating 
the chromium as hydroxide by the addition of ammonia. 

* The properties of barium chromate were discussed on page 532. It might be added that 
barium chromate is not soluble in water containing acetic acid when so much ammonium 
chromate is present that the solution contains only alkali acetate and dichromate (H. N. 
Morse, Amer. Chem. Joum., 2, 176, 1880). 

* Ammonium Acetate. — Neutralise an aqueous solution of 300 grms. of “pure” commer- 
cial ammonium acetate with ammonia and make the solution up to a litre. See R. lieik 
(Monoid.^ 23, 1033, 1902), A. Mittasch (Zeit. anal. Chem., 42,492, 1903), and L. H. Duschak 
(Joum. Amer. Chem. 80 c., 30, 1827, 1908) for the impurities in the commercial salt. 

* Ammonium Dichbomate Solution. — Dissolve 100 grms. of the salt, free from sulphates 
or sulphuric acid, in a litre of water. 

^ Made by diluting 20 c.c. of the above concentrated solution of ammonium acetate to 
a litre. 
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solution of ammonium acetate; heat the solution to boiling. Let the solution 
settle till cold and then filter through a weighed Gooch crucible packed with 
asbestos felt. Wash the precipitate as before. Dry, ignite and weigh as 
described on page 533.^ The weight of the barium chromate multiplied by 
0-6053 gives the corresponding amount of barium oxide — BaO. 

Determination of Strontium. — The strontium may be ])recipitated from the 
combined filtrates by the addition of ammonia and ammonium carbonate after 
the solution has been concentrated in the presence of an excess of nitric acid. 
The precipitated strontium carbonate may contain a little chromic acid. This 
is removed either by dissolving the precipitate in hydrochloric acid and pre- 
cipitating the strontium as sulphate (page 579) in the presence of alcohol, if 
strontium alone and no calcium be present; or, by the application of the 
ether-alcohol ])rocess (page 579) in the event of both strontium and calcium 
being present.*^ 

Kammerer^ first used potassium chromate for the qualitative precipitation 
of barium in tlie presence of calcium and strontium from solutions containing 
acetic acid and ammonium acetate; Frerichs applied the reaction quanti- 
tatively and Russmann showed that very fair results could be obtained with 
the ])roccss. Fresenius investigated the conditions whi(;h favoured success 
and failure, and Skrabal and Neustadtl have devtdoped the j)ro(‘essin its})resent 
form, wliereby a satisfactory separation can be made. 


§ 286. The Determination of Barium in Insoluble Silicates. 

Decomposition hi/ Fusion trith Sodium Carhonate. — It is not advisable 
generally to se})arate barium quantitatively from a solution which has 
previously been used for the determination of the members of the hydrogen 
sulphide, ammonia and ammonium sulphide groups, because of the leakage or 
loss of barium entailed during the separations. In the hydrogen sulphide 
group the main loss is due to the reduction of ferric chloride by hydrogen 
sulphide and oxidation of the sulphide to sulphate,^ which means that barium 
sulphate will be precipitated. In a solution containing 100 mgrms. of barium 


^ Simply drying at 110 ° is not suffieient; the precipitate must be gently ignited (see 
page 533). 

For the simultaneous determination of calcium and strontium by indirect methods, 
see H. L. y Gamboa, Anat. Fis. Quim.y 10 , 389, 191.2; S. 1). Averitt, Journ. Ind. Kvg. Chem.^ 
9 , 584, 1917; O. Arnd and E. A. Hafner, Biochnn. Zig.y 174 , 182, 1926. 

* H. Kiimmercr, Zeit. anal. Chem.y 12 , 375, 1873; J. Meschezerski, *7)., 2 i, 399, 1882; 
E. Fleischer, / 6 ., 9 , 97, 1870; R. Fresenius, 16 ., 29 , 20 , 143, 413, 1890; 30 , 18, 452, 583, 1891 ; 
32 , 183, 312, 1893; Chem. Newsy 67 , 213, 1893; A. Skrabal and L. Neustadtl, Znt. anal. Chrm.y 
44 , 742, 1905; W. Fresenius and F. Huppert, ? 6 ., 30 , 672, 1891 ; A. Russmann, ib.y 29 , 447, 
1890; Chem. NewSy 63 , 13, 44, 1891; P. Schweitzer, Proc. Amer. Assoc., 187, 1877; H. 
Baubigny, Bull. Soc. chim., (3), 13 , 326, 1895; H. Baubigny, ib., (4), i, 55, 1907; H. Caron 
and M. Raquet, ib., (3), 35 , 1061, 1906; F. Frerichs, Ber., 7 , 800, 956, 1874; H. Robin, Aim. 
Chim. anal., 18 , 445, 1903; B. Kahan, Anali/si, 33 , 12, 1008; J. L. M. van der Horn van der 
Bos, Chem. Weekblad, 8 , 5, 1911; 9 , 1002, 1912; 10 , 665, 1913; H. B. Vickery, Trans. Nova 
Scotian Inst. Science, 14 , 30, 1914; A. C. Peterson, Journ. Amer. Chem. Soc., 37 , 2346, 1915; 
L. Szebell^dy, Chem. Zentr., (2), 770, 1929; Magyar Chem. FoL, 35 , 77, 1929; R. Strebinger, 
Mikrochem.y 7 , 100 , 1929; E. Beyne, Chimiste, 3 , 256, 1912 — Sr in zinc blendes. The 
barium can bo determined volumetrically by dissolving the prt^cipitated chromate in dilute 
hydrochloric acid, adding potassium iodide and titrating the liberated iodine with thio- 
sulphate — I. M. Kolthoff, Pharm. Weekb., 57 , 972, 1920; S. R. Goday, Bol. Farm. Mil., 10 , 
202, 1932. 

* A. A, Noyes and W. C. Bray (Journ.. Amer. Chem. Soc., 29 , 137, 1907) state that the 
presence of 600 mgrms. of FeClg in solution leads to the precipitation of as much as 20 mgrms. 
of barium as sulphate in the hydrogen sulphide group. 
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in 100 C.C., Curtman and Frankel found ^ that 1-4 inarms, of barium are lost 
in the hydrogen sulphide group, owing to the oxidation of hydrogen sulphide 
to sulphuric acid; 14*0 mgrrns. are lost by the action of ferric chloride on 
hydrogen sulphide; 14*7 mgrrns. are lost due to the absorption of carbon 
dioxide by the ammonia used for the ammonia precipitation; and between 
2 and 3 mgrrns. are lost in the precipitation by ammonium sulphide. Losses 
of barium may also occur owing to the presence of traces of sulphates in the 
reagents and also to the retarding influence of ammonium salts on the precipita- 
tion of barium sulphate or carbonate. Hence it is best to determine barium 
on a special sample, and not on the sample used for the main analysis. 

When a silicate contains barium, the silicate is fused with sodium 
carbonate, the resulting cake is digested with water and the residue treated 
with sulphuric acid. The insoluble portion contains the barium, silica and 
possibly some calcium and strontium, if present, while aluminium, iron, 
zirconium, etc., pass into the acid filtrate. 

To determine the total barium, ignite the filter-paper containing the 
insoluble residue. Fuse with a gram of sodium carbonate for 10 to 15 minutes. 
Dissolve the mass in warm water, filter and wash thoroughly. Place a 250 c.c. 
beaker below the funnel and dissolve the preci])itate off the paper in dilute 
hydrochloric acid. Wash the filter-paper well. Nearly neutralise the filtrate 
with sodium carbonate and make the solution up to, say, 150 c.c. so that the 
dilution is sufficiently great to prevent the precipitation of calcium sulphate 
later on. Precipitate the barium by the addition of a hot solution of dilute 
sulphuric acid (3 in 50 by volume) to the boiling solution. The addition is 
made gradually, Avith constant stirring. The reasons will appear from the 
discussion on page 703. Wash by decantation 2; collect the precipitate in a 
small filter-paper and ignite the barium sulphate, with the precautions indicated 
on page 700. The weight of the barium sulphate multiplied by 0*6570 gives 
the corresponding amount of barium oxide — BaO. 

Purification from Calcium. — If much calcium be present, the ignition should 
be made in a platinum crucible and the ignited precipitate fused with sodium 
carbonate. The resulting cake is treated with water and acidified with acetic 
acid, which is added drop by drop. The barium is precipitated by the addition 
of sulphuric acid as before.® 

Hydrofiuoric Acid Decomposition. — The total barium is conveniently 
determined in silicates ^ by treating 2 grms. of the finely powdered, dry (110^) 
silicate with 10 c.c. of sulphuric acid (1 ; 4) and 5 c.c. of hydrofluoric acid in a 
large platinum crucible. Evaporate the solution on a water bath, add more 
hydrofluoric acid and repeat the evaporation. If no sandy grains can be 
detected with a platinum spatula, further treatment with the hydrofluoric 
acid is not necessary. Heat the mixture on a sand bath until most of the 
sulphuric acid has been driven off. Let the crucible cool and wash its contents 
into, say, 25 c.c. of water. The precipitate of barium sulphate will probably 
be free from calcium, but a little strontium may be present. Filter off the 
barium sulphate. Ignite in a platinum crucible; cool. 

Purification from Calcium and Strontium. — The strontium and calcium can 
be removed by dissolving the barium sulphate in concentrated sulphuric acid 


^ L. J. Curtman and E. Frankel, Journ. Amer. Chem. Soc., 33, 724, 1911. 

^ The filtrate contains some silica, titanium, iron, aluminium, columbium, tantalum and 
tin, if these elements be present. 

® Silica is not precipitated with barium sulphate from dilute solutions of sodium silicate. 
* With glazes, lead sulphate may be present. This can be removed by digestion with 
ammonium acetate as described on page 325. 
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and again pouring the solution into water. If the amount of barium sulphate 
be less than about 0-002 grm., there is no need to purify the salt further.^ 
Ignite the precipitated barium sulphate in a platinum crucible and weigh as 
barium sulphate. 

§ 287. The Complete Analysis of Limestones and Gault Clays. 

Limestones, gault clays, marls, dolomite, magnesite and similar carbonate 
rocks may be analysed from several different points of view; and, in conse- 
quence, a more or less incomplete analysis may serve all requirements. Some 
abbreviated methods will be described later. 

Dissolution of the Sample. — A gram of the powdered and dried material 
is digested in a 100 c.c. beaker with 20 c.c. of water, 2 c.c. of concentrated 
hydrochloric, acid and 2 drops of nitric acid. The acids are added slowly 
and the beaker is kept covered V)y a clock-glass with its convex side down- 
wards, so as to avoid loss during the effervescence. When effervescence has 
ceased, heat the solution to its boiling-point on a hot plate, so as to drive off 
the carbon dioxide. Rinse the clock-glass with water. Filter the solution 
inf-o an evaporating basin and wash the residue with water. Ignite the in- 
soluble residue in a platinum crucible ^ and fuse it up with a little sodium 
carbonate. Remove the fused mass with water and dilute hydrochloric acid: 
kee}) the crucible covered during the action to avoid loss by spurting. Add 
the solution to the main solution. 

If the limestone does not contain much more than about 5 per cent, alumina 
and ferric oxide, and 15 per cent, of silica, strong ignition over a blast ^ in a 
covered platinum crucible will frequently give a powder wholly soluble in 
hydrochloric acid (1 : 1), except, possibly, a little hocculent silica which does 
not matter. If too much siliceous matter be present to render this treatment 
successful, as is sometimes the case with siliceous limestones, magnesian lime- 
stones, cement rocks and highly calcareous marls, Meade ^ recommends 
igniting the limestone with just less than its own weight of sodium carbonate. 
The sintered, not fused, mass is then easily broken down by hydrochloric 
acid (1 : 1). 

Determination of Silica, Alumina, Titanium, etc, — Evaj)oratc ® the com- 
bined filtrates to dryness for silica (page 147) ; determine the alumina, titanium, 
iron, phosphorus,® lime,’ magnesia and manganese ^ as described for clays 

* If zirconiiiiu present, it will be associated w'ith the barium sulphate, and it must 
be removed as indicated on page 582, 

* The insoluble residue is sometimes reported as such, or as “siliceous minerals,” “clay 
and sand,” etc. As a matter of fact, the term “insoluble residue” is more or less ambiguous, 
since the attack on the siliceous minerals is dependent on the strength of the acid and on the 
state of subdivision of the powder. The finer the sample is ground, the less the “insoluble 
residue.” 

® T. Engelbach, Liebig's Arm,, 123, 260, 1862. 

* R. K. Meade, Portland Cement, Easton, Pa., 254, 1906. 

* The evaporation is more rapid than with clays because of the absence of large amounts 
of alkali chlorides and a smaller volume of liquid is used for the dissolution of the fused 
cake. 

* Phosphatic limestones may have less alumina than is needed to combine with the 
phosphorus and in that case some calcium phosphate will be precipitated with the aluminium 
and iron phosphates. Some, therefore, add a weighed quantity of a ferric salt to the solution 
before adding the ammonia, and afterwards deduct the amount of iron added from the ferric 
oxide obtained later — compare page 687. 

’ In the case of magnesites where but little calcium and much magnesium is present, the 
oxalate process for lime is not suitable (F. Hundeshagen, Zeii. dffent, Ohem., 15, 85, 1907). It 
is best to treat the filtrate— occupying, say, 30 c.c. — ^from the silica with 4 grms. of sexLium 
sulphate and 40 c.c. of 90 per cent, alcohol. After standing about five hours at 17°-20® in 
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(pages 157 el seq.). The carbon dioxide (page 624), water (page 642) and the 
alkalies are determined on separate samples.^ 

Chlorine and Fluorine , — For the chlorine, digest, say, 10 grins, with water 
and nitric acid at a gentle heat. Filter and proceed by the method of page 746. 
For the fluorine, digest 10 grins, of the dry powdered sample in acetic acid,^ 
without boiling or filtering, until the magnesium and calcium carbonates are 
decomposed. Evaporate the solution to dryness to expel the excess of acetic 
acid, add a slight excess of sodium carbonate and extract the residue with 
wafer. The precipitate of calcium fluoride, carbonate and insoluble residue 
is treated by the process of page 725. 

Determination of Sul ])hur. Sulphides as well as sulphates are often present 
in limestones and calcareous clays. To determine the ‘‘sulphate or soluble 
sulphur,’’ digest, say, 2 grins, of the powdered sample in a large porcelain 
basin with 40 c.c. of water and 5 c.c. of concentrated hydrochloric acid. 
Evaporate the solution to dryness. Boil the residue with water, filter and 
wash.® Precipitate the sulphuric acid in the filtrate as barium sulphate by 
the method of })age 703. The weight of barium sulphate so obtained, 
multiplied by 0*3430, represents the corresponding amount of sulphur trioxide 
— HO3; and when multiplied by 0*58324, the corresponding amount of calcium 
sulphate. 

To get the “total siiljihur,” place 2 grins, of the jiowdered sam])le in a 
porcelain evaporating basin and cover the mass with bromine water. De- 
compose the carbonates by adding 25-30 c.c. of hydrochloric acid, in small 


a covered vessel, filter the solution and wash the precipitated calcium sulphate with 75 per 
cent, alcohol. In order to free the precipitate completely from majmesia, redissolve the 
sulphate in hot dilute hydrochloric acid and precipitate the lime as usual by the oxalate 
process. The combined filtrates from tlie calcium sulphate and oxalate arc evaporated to 
drive off the alcohol and the iron is oxidi.sed with hydrogen |x*roxide. The aluminium and 
ferric hydroxides are precipitated by adding ammonia and the magnesia is (hdermined in the 
filtrate in the usual way. W. F, Hillebrand and G. E. F. Lundell {Applied Inorganic Analysis^ 
New York, 488, 1929) recommend the following process. The calcium is precipitated as 
phosphate with the magnesium. The ignited and weighed precipitate of mixed phosphates 
is dissolved in not more than 0*5 c.c. excess of dilute sulphuric a(;id and to the solution KM.) 
c.c. of 75 per cent, alcohol are added for every 0-3 grm. of mixed phosphates originally 
present. The mixture is stood overnight, the calcium sulphate, is filtered off, washed with 
75 per cent, alcohol, dissolved in dilute hydrochloric acid and the calcium rcprecipitated 
as oxalate. In this procedure the phosphate precipitate must be ignited in a platinum 
crucible and not a Gooch crucible. 

* The manganese will be found in the filtrate from the ammonia precipitate or it may 
be precipitated with the alumina by adding bromine as indicated on page 157. (k)pper, 
lead, zinc, nickel (sulphides or carbonates), rare earths, chromium and vanadium must be 
determined on large quantities of the sample — say 50-500 grms. 


^ As a rule, in Smith’s process, about half as much calcium carbonate is needed for lime- 
stones and the more calcareous clays as is indicated in the standard directions (page 214). 
The precipitated calcium carbonate is much more effective in the work of decomposition 
than the native crystalline carbonate. For the distinction between precipitated calcium 
carbonate, limestone and chalk, see J. Ranedo, Armies Soc. Fspafl. Fis. Quim. {Technica)^ 27 , 
168, 1929. If no precipitated carbonate be used, the results, with Smith’s process, are 
usually rather low. T. Engelbach {Liebig's Ann,, 123 , 260, 1862) uses a modification of 
Berzelius’ process for the alkalies in the “soluble ” portion of limestones. Ignite the powdered 
mineral strongly over a blast, boil with a little water, filter, neutralise the solution with 
hydrochloric acid. Treat the solution with ammonia and ammonium carbonate (page 217). 

* G. Jenzsch, Pogg, Ann., 96 , 145, 1856. 

* If phosphorus is to be determined, it is sometimes advisable to take double the amount 
of the sample for the operation just described and make the filtrate up to 100 c.c. Take 
50 c.c. for the sulphur determination and to the other 50 c.o. add 5 c.c. of nitric acid and 
determine the phosphorus by Woy’s process (page 672). 
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quantities at a time, to the cold solution. The ‘‘sulphide sulphur” is liberated 
as hydrogen sulphide and immediately oxidised by the bromine water. If 
the acid be added gradually and the bromine water be in excess, there will be 
no a]>preciable loss of sulphide. The solution is evaporated to dryness, 
filtered and the sulphuric acid in the filtrate precipitated as barium sulphate, 
as indi(‘.ated on page 703. The difference between the weights of barium 
sul})hate obtained with and without the bromine water, multiplied by 0*13735, 
represents the corres])onding amount of “sulphide suly)hur.” ^ 


Example.— Suppose th(5 following results have been obtained: — 

Barium sulphate (with bromine) .... 

Barium sulphate (without bromine) .... 

Barium sulphate from sulphide .... 
Sulphide sulphur (0-0090 /. 0 13735) .... 

Sulphur trio.xide (0-0251 V (). 3430) .... 

Caleium sulphate (0-0251 0-58324) .... 


0-0341 grm. 
0-0251 grm. 

0-0090 grm. 

0-0012 grm. 
0*0086 grm. 
0-0146 grm. 


Somet imes the total sul]>hur is determined by one of the methods described 
on })ages 704 et seq. Or the powdered sample can be fused with sodium 
carbonate and sodium nitrite (page 510).^ Extract the mass with water. 
Acidify the filtrate with hydrochloric acid, guarding against loss by spurting, 
and eva])orate to dryness. Moisten the residue with hydrochloric acid, filter, 
wash and determine the sulphates in the filtrate by the method of page 703. 

Organic Matter is found in nearly all limestone rocks. Schaifgotsch’s 
f)rocess for the determination of organic matter is to fuse, say, 5 grins, of borax 
glass in a platinum crucible over a Bunsen burner ® until the weight of the 
crucible and contents is constant.'* Place 1 grm. of the sam])le on the borax, 
put the lid of the crucible in position and fuse over the Buiisen burner. Do 
not remove the lid until the contents are fused, otherwise loss by decrepitation 
may occur. When the evolution of gas has ceased, cool in a desiccator and 
weigh. Again ignite, cool and weigh. When the weight is constant, the 
loss in weiglit of the crucible and its contents represents the carbon dioxide, 
water and organic matter. If the carbon dioxide and water have been pre- 
viously determined, the amount of organic matter follows by difference. 

Petzholdt recommends the following process: — Dissolve 20 grms. of the 


^ Pyrite — FeSg — is the commonest sulphide in limestone rocks. Sec G. Ortner, Zeit, 
anal, Chem., io 6 , 28, 1936. Some of the sulphur may come from the organic matt€‘r. 

* A. Petzholdt, Joum. prakt. Chem,, ( 1 ), 63 , 194, 1854; J. Both, < 6 ., (1), 58 , 84, 1853; 
J. d. Ebclmcn, Ctmipf. reiul.^ 33 , 881, 1851; H. St C. Dcvillc, /ft,, 37 , 1001 , 1853. 

® Note, if a blast be used initially, the crucible and contents mu.st be afterwards brought 
to constant weight over the Bunsen burner. Borax glass can be kept in a state of fusion 
some 15-30 minutes without appreciable volatilisation, but there is a decided loss after a few 
minutes’ blasting (page 651). R. Fresenius, ZtiL anal. Chem.^ i, 65, 1862; A. Mitscherlich, 
Journ. prakt. Che7n., {\), 83 , 485, 1861. 

* According to O. Lutz and A. Tschischikow {Journ. Russ. Phys. Chem. <SV., 36 , 1274, 
1904), microcosmic salt may be used in place of borax. The salt is heated until ammonia 
and water have been expelled and the weight is constant. The advantage of microcosmic 
salt is: (1) it fuses more quickly; (2) is not so liable to loss by volatilisation. H. Rose 
{Pogg. Ann.^ 116 , 131, 686 , 1862; Zeit. anal. Chem., i, 183, 1862) recommends potassium 
dichromate; W, Bottger {Zeit. anal. Chem., 49 , 487, 1910), sodium metaphosphate (see 
page 757); F. A. Gooch and S. B. Kuzirian {Amer. J. Science, (4), 31 , 497, 1911), sodium 
paratungstate; and H. Rose {Pogg. Ann,, 116 , 635, 1862; T. W. Richards and E. H. Archibald, 
Proc. Amer. Acad., 38 , 443, 1903), silica. 

* A. Petzholdt {Joum, prakt, Chem., ( 1 ), 63 , 194, 1854) considers that 58 parts of carbon 
correspond with 100 parts of humus. If carbon and hydrogen are both determined by com- 
bustion, 4*5 parts of hydrogen correspond with every 58 parts of carbon. The remaining 
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sample in dilute hydrochloric acid and boil the solution carefully to expel 
carbon dioxide. Filter off any undissolved residue through ignited asbestos, 
wash well with water and dry. Transfer the asbestos to a porcelain boat 
and determine the carbon in the residue by combustion to carbon dioxide as 
given on page 631; or the carbon may be determined by the wet process 
(page 616). 

§ 288. The Partial Analysis of Limestones, Dolomites, Magnesites, 

Marls and Cements. 

A process which occupies about three hours may now be described. The 
abbreviated processes are not usually quite so exact as the preceding process, 
but they are quite accurate enough for many purposes, particularly when a 
great number of analyses of one type of carbonate rock have to be made 
rapidly.^ See the remarks on pages 239 and 244. 

1. Silica. ~~CsLutiom]y add 5 c.c. of concentrated hydrochloric acid to a 
gram of the powdered sample, keeping the basin covered during the attack 
by the acid so as to avoid loss by spurting. When the effervescence has ceased, 
evaporate the mixture to dryness.^ Cool. Digest the residue with a little 
hot water and a few drops of hydrochloric acid. Heat the mixture to boiling 
and filter. Wash the residue on the filter-paper with hot water. Ignite and 
weigh as SiOg. 

2. Alumina and Ferric Oxide. — Precipitate the mixed ferric and aluminium 
hydroxides in the filtrate from the silica with ammonia and ammonium 
chloride in the usual way (page 164), and finally weigh as AlgOs + FegOg. 

3. Calcium Carbonate. — Acidify the filtrate from the ammonia precipitate 
with hydrochloric acid. Heat the solution to boiling, and, while still boiling, 
gradually add, crystal by crystal,^ approximately 3 grms. of solid oxalic acid 
per gram of mixed calcium and magnesium oxides.^ When all the oxalic acid 
has been added, add a slight excess of ammonia. Let the solution stand until 
the precipitate has settled — 2 or 3 minutes.® According to Schoch,® a double 
precipitation is unnecessary; but if much magnesium be present, it is better 
to dissolve the washed calcium oxalate in hot hydrochloric acid and re- 
precipitate by the addition of ammonia and a little ammonium oxalate to the 
boiling solution. Filter the calcium oxalate and wash with cold water until 

hydrogen is supposed to be derived from the water. Note that hydrogen may come from the 
asbestos of the filter tube if the drying be imperfect, and also from the hydrated minerals. It 
is generally best to represent the result as “carbon derived from organic matter,” without 
making any assumptions as to the composition of the organic matter. See page 644. 

^ K. J. Sundstrom, Joum. Soc. Chem. Ind., i6, 520, 1897; F. Hundeshagen, Zeit. offent, 
Chem., 15, 85, 1909; N. Knight, Chem. News, 92, 61, 108, 1905; 93, 126, liK)6; F. Clowes 
and J. B. Coleman, ib,, 92, 259, 1905; W. H. Stanger and B. Blount, Joum. Soc. Chem. Ind., 
21, 1216, 1902; Report, ib., 2i, 12, 1223, 1902; G. Hentschel, Chem. Ztg., 36, 821, 1912. 

* While the solution is evaporating, determine approximately the mixed calcium and 
magnesium carbonates as described below. 

* Otherwise loss might occur from spurting. Stir all the time the acid is being added. 

* The magnesium must all be converted to the oxalate to prevent the solution of calcium 
oxalate in the magnesium chloride (page 201). The approximate amount is determined from 
“ 4,” page 587. 

® For more exact results, let stand overnight, or at least 3~4 hours. 

* C. Schoch, IXe modeme Aufbereitung und Wertung der Mortel-materialien, Berlin, 36, 
1896; W. C. Blasdale, Joum. Amer. Chem. Soc., 31, 917, 1909; E. H. Schultze, Chem. Ztg., 
29, 508, 1905; N. Busvold, ib., 41, 42, 1917; M. J. van Kruijs, Chem. Weekldad, 4, 29, 1907; 
C. Liesse, Ann. Chim. anal., 16, 7, 1911; B. Enright, Journ. Amer. Chem. Soc., 26, 1003, 
1904; C. Stolberg, Zeit. angew. Chem., 17, 741, 769, 1904; G. Lunge and M. Schochor-Tschemy, 
ib., 7, 481, 1894; Tonind. Ztg., 18, 661, 1894; R. F. Young and B. F. Baker, Okem. News, 
86, 148, 1902; R. Manzelius and A. Vesterberg, Jahreaber. Land. Inst. UUuna, 62, 1894. 
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the washings are free from chlorides and oxalates.^ Ignite the precipitate in a 
platinum crucible and finish the ignition with half an hour’s blasting. Cool 
in a desiccator, and weigh as CaO.^ Multiply the result by 1-7846 to get the 
corresponding amount of calcium carbonate. 

4. Mixed Calcium and Magnesium CW/>ona/e.s*.~ Weigh 1 grm. of the 
finely j^owdered sample into a small porcelain basin. Add 25 c.c. of N-HCl. 
Cover with a clock-glass and, when effervescence has ceased, heat the solution 
to boiling. When cold, titrate the free acid with N-NaOH and with a drop of 
methyl orange as indicator (page 58). 

Example. — After adding 25 c.c. of N- hydrochloric acid to 1 grm. of limestone, 
5- 15 c.c. of N-sodium hydroxide were needed to neutralise the excess of acid. Hence 
the mixed calcium and magnesium (jarbonates reacted with 19-85 c.c. of N-HCJ. Again, 
0-538 grm. of OaO was obtained. This corresponds with 1-7846x0-538—0-9601 grm. 
of (-aCOs. I3ut 100-08 grms. of CaCOs react with 2000 c.(^ thus 0'9(K)1 grm, 

CaOOa will react with 0-9601 x 2000/100 08 - 19-19 c.c. N-HCI. Hence 19-85 -1919 
— 0-66 c.c. of N-lK'l reacted with the magnesium carbonate. But 2000 c.c. N-HCU 
rea(4- with 84-32 grms. MgCJO^, thus 0-66 c.c. N-H('l reacts with 84-32x0-66/2000 — 
0*0278 grm. MgCOg. Hence the analysis reads (per c(;nt.): 


C.Vilcium carbonate ....... 96*01 

Magnesium carbonate ...... 2*78 

Sili(;a 1-06 

Alumina and ferric oxide ...... 0 00 


The magnesium carbonate determined by this indirect pro(*ess should not 
differ more than J per cent, from that obtained by more elaborate methods.® 
The Determination of Lime in the Presence of Aluminium, Iron and Phos- 
phorus,-- li the amount of lime only is needed, calcium oxalate can be pre- 
cipitated in the presence of iron, aluminium, magnesium and phosphorus 
from a solution ^ the acidity of which has been adjusted to a pH value of 
4-() to 4-5. Add to the hydrochloric acid solution 2 grms. of oxalic acid and 
about 5 grms. of ammonium chloride, followu^d by 10 drops of a 0-04 per cent, 
solution of bromocresol green. Dilute, if necessary, to about 200 c.c. Heat 
to boiling and add ammonia, drop by drop, until the colour changes to a 
pure green. Boil for a few minutes, stand on a water bath for 2 hours, filter, 
wash and ignite the calcium oxalate.® 

^ Magnesium can be determined in the combined filtrates, if desired, by the method of 
page 208. W. F. Koppesehaar, Zeit. anal. (Jhem., 44 , 184, 1905. The calcium oxalate can 
also be determined by the volumetric; permanganate process (page 205). H. B. Kinnear, 
Chem. Eng., 13 , 247, iOll; H. Wdowiszewski, <7/«ew. Ztg.,$S, 949, 1914; J. Mayrhofer, Zeit. 
angew. Chem., 21 , 592, 1908. 

* The calcium oxide can be dissolved in 25 c.c. of N-HCl and titrated with N-NaOH in 
the usual manner (page 58), as a check on the weighings. 

® A. S. Behrman, Journ. J7id. Eng. Chem., 8 , 42, 1916; N. Busvold, Chem. Zig., 41 , 42, 
1917, 

« M. Passon, Zeit. angew. Chem., ii, 776. 1898; 12 , 1153, 1899; 14 , 285, 1901; L. W. 
Winkler, ib., 32 , i, 24, 1919; J. F. Brezeale, Joum. Assoc. Off. Agric. Chem., 4 , 124, 1920; 
V. W. Meloche, L. E. Clifeorn and W. B. Griem, ib., 16 , 240, 1933; R. Nakaseko, Mem. 
Coll. Sci. KyoU), 6 , 157, 1923; W. F. Jakob, Rocz. Chem., 3 , 308, 1923; 5 , 159, 1925; R. Mollet 
and E. Junker, Schweiz. A path. Zig., 62 , 629, 645, 1924; E. Canals, ih., 63 , 29, 1925; J. Barlot, 
Bull. Soc. chim., 25 , 1026, 1924; F. L. Hahn and G, Weiler, ZeM. anal. Chem., 70 , 1, 1927; 
S. N. Rozanov and A. G. Filippova, ib., 90 , 340, 1932; W. F. Hillebrand and G. E. F. Lundcll, 
Applied Inorganic A7ialy8is, N€;w York, 500, 1929; H. D. Chapman, Soil Sci., 26 , 479, 
1928; R. Meurice, Bull. Inst, agron. sta. Becherches Oembloux, i, 95, 1932; G. J. Cox and 
M. L. Dodds, Ind. Eng. Chem. Anal. Ed., 4 , 361, 1932; K. K. Jarvinen, Zeit. anal. Chem., 
43 , 659, 1904; J. T. Dobbins and W. M. Mebane, Joum, Amer. Chem. Soc., 52 , 1469, 1930. 

« R. K. Meade {Chem. Eng., t, 21. 1905; Portland Cement, Easton, Pa., 189, 1906) and 
K. Balthaser (Chem. Zig., 33 , 646, 1909) describe volumetric processes for the determination 
of lime without the separation of silica, etc. For the volumetric determination of calcium 
in phosphates, see F. Kaminski, Przemysl Chem., 13 , 505, 1929. 
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Neivberry's Process for the Simultaneous Determination of Magnesium and 
Calcium Carbonates, — Newberry ^ based a process for the volumetric deter* 
mination of calcium and magnesium carbonates on the fact that magnesium 
hydroxide is sufficiently soluble in water to colour phenolphthalein, but when 
the solution is boiled with a dilute solution of sodium hydroxide, the magnesium 
is completely precipitated and separated from the calcium. 

Transfer half a gram of limestone to an Erlenmeyer's flask, fitted with 
a long ‘reflux condenser’ (fig. 140, page 655). Add 60 c.c. of 0-2N-hydro- 
chloric acid (‘‘first acid”),^ and boil the solution for 2 minutes with the 
condenser in position. Wash the interior of the condenser tube into the flask 
by means of a wash*bottle. Remove the tube and cool the solution thoroughly 
in a cooling-box (page 60). Add 5 drops of phenolphthalein solution and 
titrate with 0*2N-sodium hydroxide (“first alkali”) until a faint pink colour 
appears in the solution. This may fade in a few se(*onds.'* 

Transfer the neutral solution to a large test tube (12 inches long and J inch 
internal diameter) provided with a mark ^ corresponding with 100 c.c. Heat 
the solution to boiling, add 0*2N-NaOH, 0*5 c.c. at a time, and boil after each 
addition. When a deep red colour is obtained which does not become paler 
on boiling, read the burette (“second alkali”). Dilute the solution to 100 c.c., 
boil for a moment and let the precipitate settle. When the j)recipitate has 
settled, pipette 50 c.c. of the clear solution into a flask and titrate with 
0*2N-HC1 until the pink colour has gone (“second acid”).^* 

Example of Calculation. — Assume (1) that 11-6 c.c. of alkali (“first alkali”) were 
needed for the first (cold) titration and (2) 3-55 c.c. of alkali (“second alkali”) were used 
in the second (hot) titration. Assume further that 045 c.c. of acid w(t<^ needed to 
neutralise the excess of alkali in 50 c.c. of the solution, after the seeon<l (hot) titration. 
Then 60 0 11-6— 48 4 c.c. of 0*2N-HC1 were required to dissolve the mixed carbonates 

and 3'55 -(2 x 045) = 2*65 c.c. of 0’2N“NaOH were required to precipitate the magnes- 
ium as hydroxide. But since 1 c.c. of 0*2N-NaOH is equivalent to 1 c.c. of 0 2N-HC1, 
the volume of 0-2N-HC1 used to dissolve respectively the calcium and magnesium 
carbonates in half a gram of the sample is (a) 48 4- 2-65 --45*75 c.c., and (h) 2*65 c.c., 
i.e, 915 c.c. and 0*53 c.c. of 1*0N-HC1. Thus the jxTcentage of (;alcium carbonate is 
9 15 X 200 X 0*05 — 91*50 and that of magnesium carbonate 0*53 x 200 x 0*042 = 4*45. 

If the results are to be exprosseci in terms of MgO and CaO, substitute 0*02 for 
0*042 and 0*028 for 0*05, in the preceding formulap. 

The reKSults for magnesium carbonate are usually a little high and for lime 
a little too low. This is probably due to the formation of calcium carbonate 
by the absorption of carbon dioxide from the air during the precipitation of 
magnesia and to the insolubility of the lime compounds in the sample. If 
much soluble alumina and iron be present, the end-point is obscured and the 
readings are more difficult. With tlie high-grade linmstones the results are 

^ 8. B. Newberry, Cement Eiig. News, 15, 35, 1903; Tonind.. Ztg., 27, 833, 1903; R, Will- 
statter and E. Waldschmidt-Lcitz, Ber., 56B, 448, 1923; E. J. Pierce, Journ. Jnd. Eng. Chem., 
7, 163, 259, 1915; J. S. Pierce, W. C. Setzer and A. M. Peter, ib., 20, 436, 1928; J. 8. Pierce 
and M. B. Geiger, ib.. Anal. Ed., 2, 193, 1930; A. C. Sheard and B. J. Heinrich, ib., 2, 388, 
1930; A. C. Sheard and R. K. Valla, ib., 4, 246, 1932; G. A. Panchenko, Ukrainskii Khem. 
Zhumal, 5, (Sci. Pt.), 187, 1930; J. Moir, Jaum. Chem. Met, Min. Soc. S. Africa, 17, 129, 
1917; Joum. Soc. Chem. Ind., 36, 571, 1917; S. S. Korol, Journ. Applied Chem., {U.8.B.B.), 
6 , 976, 1933. 

* Standardised against Iceland spar. 

* If the titration be carried until a permanent red coloration appears, the lime will be too 
low. If the limestone under investigation contains inappreciable amounts of magnesia, this 
completes the determination : (first acid ^ first alkali) x 40 x 0*028 = the per cent, of CaO. 

* A band of paper or etched ring. 

^ If more than 1 c.c. of acid be required, too much alkali was added and the magnesium 
hydroxide will have earned down some CafOH),. 
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suitable for tecjlinical work. With marble containing 54-62 per cent. CaO 
and 0-84 per cent. MgO by the gravimetric process, 54-99 and 0-88 respectively 
were obtained by Newberry’s process. With a magnesian marl containing 
5-43 per cent, of alumina and ferric oxide, 52*08 per cent, of silica, 
19-52 per cent, of OaO and 2*24 per cent, of magnesia, Newberry’s process 
gave : — 

CaO . . . 17-02 16-83 17-36 per cent. 

MgO . 2-08 2-30 2-00 per cent. 

For a sam])le of doloinitic marl with 26*50 per cent. CaO and 18-76 MgO — 

CaO . . . 26-38 25-42 25*53 per cent. 

MgO . 17-80 18-40 18-96 percent. 

were obtained. Experiments with artificial mixtures of Iceland spar and 
magnesium carbonate gave excellent results. The results with the less pure 
limestones and calc-areous marls are not so good. 

MaqnesUe. - In the case of magnesites,^ the joint magnesia and lime ^ may 
be determined by boiling 0-5 grin, of the magnesite with a known excess of 
standard sul])huric. acid and titrating back the excess with standard sodium 
hydroxide. The lime can be precipitated from the solution by adding an 
excess of 90 per cent, alcohol — 250 c.c. of alcohol per 100 c.c. of the solution. 
Let the mixture stand in a covered vessel overnight. Filter and wash with 
50 per cent, alcohol, and j)roceed as indicated in footnote 1, page 202. After 
subtracting the calcium oxide from the joint magnesium and calcium oxides 
obtained by the titration, the amount of magnesia follows at onc.e. The 
magnesia may exist in the form of oxide, hydroxide or carbonate.^ The 
hydroxide (am be determined from the loss in weight which occurs when 
the sample is baked to a constant weight at 300'^-350® and the carbonate from 
the loss in weight wdiich occurs when the same sample is calcined to constant 
weight at a nal heat. The difierence between the amounts so determined 
and the total magnesia represents the magnesium oxide. The water and 
carbon dioxide can be determined by the more laborious processes, pages 631 

‘ For a volumetric proecHS, see Chem. ZUj,, 33, 1909. V. Macri {Boll. Chim. Farw,^ 

57, 301, 1918) condemns this method. 

* if the amount of calcium relative to the magnesium is very small, O. Kallauncr 
and 1. Preller {Cham. Ztg., 36, 449, 462, 1912) show that the oxalate process (pages 202-3) 
is trustworthy only if (1) dilute solutions arc used, (2) a large excess of ammonium salts and 
ammonium oxalate are present, (3) the solution is filtered immediately after precipitation, 
or (4) if the precipitation is repeated: otherwise the lime is always 0*15 to 0-2 per cent, low, 
owing to re-solution during washing. Most methods involving the precipitation of calcium, 
sulphate in alcoholic solutions are unreliable if much magnesia is present. Good results are 
obtained as follows: (1) Precipitate the lime as oxalate, filter and wash, convert the oxalate 
into sulphate, dissolve the sulphate in hydrochloric acid, reprecipitate as oxalate and weigh 
as CaO. Or (2), evaporate a solution of the mixed chlori(ies to dryness with lithium sulphate, 
treat the residue with a mixture of 10 volumes of ethyl alcohol and 90 volumes of methyl 
alcohol saturated with lithium sulphate. The precipitated calcium sulphate is dissolved in 
hydrochloric acid and reprecipitated by the oxalate process — E. C. Carron, Ann. Chim. 
anal.^ 17, 127, 1912; R. Hefelmanii, Zeit. dffenil. Chem.y 3, 193, 1897; K. J. Sundstrom, 
Jmrn. 80c. Chem. Ind., 16, 560, 1897. 

* For the total magnesia in magnesites, J. Mayrhofer {Zeit. angew. Chem., 21, 592, 1908) 
decomposes 5 grms. of the finely powdered mineral with aqua regia on a water bath. 
Evaporate the solution to dryness to render the silica insoluble. Digest with acidulated 
water, filter and make the solution up to a litre; mix 40 c.c. (20 c.c. if burnt magnesite is in 
question) with 5 c.c. dil. sulphuric acid and 100 c.c. citrate'solution (100 grms. citric acid, 
333 c.c. of ammonia — sp. gr. 0*91 — made up to a litre with water), 20 c.c. of a 10 ]^r cent, 
solution of disodium hyckogen phosphate and 15 c.c. of ammonia. Stir the mixture 5 
minutes without touching the walls of the beaker. Filter, etc., after standing 6 minutes. 
The calcium is not precipitated in presence of the ammonium citrate. Compare N. A. 
Tananaev and V. M. Tarayan, Zavodakaya Lab., 3, 112, 1934. 
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et seq} The value of burnt magiiesia depends upon the proportion of ‘‘active 
magnesia.” The “active magnesia” is the difference between the total 
magnesia, MgO, and that combined with carbon dioxide and water.^ 

§ 289. The Mineralogical Analysis of Limestones and Marls. 

Calcium carbonate is undoubtedly the prevailing constituent of limestone 
rocks, and magnesium carbonate is probably next in importance. With 
increasing proportions of the latter, the carbonate rock passes into dolomite, 
magnesian limestone and finally magnesite. Ferrous and manganese car- 
bonates are usually present in small quantities and when those compounds 
predominate, sidorite and other ores of iron and manganese result. It is 
usual, in technical analysis, to report the lime and magnesia as carbonates and 
the iron and manganese as oxides. In all probability, the two latter more 
generally exist as carbonates. A determination of the carbon dioxide will 
sometimes show that more carbon dioxide is present than is required for the 
lime and magnesia. Some of the lime and magnesia may also be combined 
with the silica and alumina and, in consequence, even if the amount of carbon 
dioxide does satisfy the lime and magnesia, some may be combined with the 
iron and manganese. Phosphorus may be combined with the iron and 
aluminium or be })resent as aj)atite. The silicate minerals associated with the 
calcareous clays and limestones are probably as varied as the silicate minerals 
found in clays 

Many attempts have been made to isolate the different minerals in lime- 
stones and marls by treatment with different solvents. Btruckmann ^ analysed 
various marls by digesting the samples first with water, then with acetic acid 
and finally with hydrochloric acid. Each solution and the residue was 
examined separately. Bolton ® studied the action of citric and tartaric acids, 
and Jannettaz ® the action of potassium bisulphate. Deville tried to dissolve 
calcium carbonate from mortars by boiling the mixture with a solution of 
ammonium nitrate, which he supposed did not attack the silicates, but Gunning 
showed that Deville’s assumption is faulty. Browne and Harrison’s ® method 
of dealing with the problem is as follows: — 


^ For the determination of magnesia in the presence of magnesium carbonate from the 
heat of the reaction with hydrochloric acid, see V. Fortini, Chem. Ztg,, 36 , 270, 1912. 

* O. Kallauner, Chem, Liaiy, 20 , 549, 1926; Che^m, Ztg., 36 , 711, 1912; L. Dede, tfe., 36 , 
414, 1912. 

® W. F. Hume, Chemical and Mineralogical Researches on the Upper Cretaceous Zones of the 
South of England^ London, 1893; S. Pfaff, Zeit, Gesammt, Naturwiss.^ (3), 3 , 273, 1878; 
L. Cayeux, Ann. Soc. Oeol, du Nord^ 16 , 342, 1890; A. Vesterberg, Bull, Oeol. Jnat, Upsala, 
5 , 97, 1900; 6 , 254, 1904; K. Haushofer, Sitzber. K.K. AJead, Wiss, Miinchen, ii, 220, 1881. 

* C. Struckmann, Liebig's Ann., 74 , 170, 1858; C. J. B. Karsten, Archiv Min,, 22 , 692, 
607, 613, 1848; E. Damour, Bull, Soc, Geol,, (2), 6 , 313, 1849; O. Forchhammer, Joum, 
prakt. Chem,, ( 1 ), 49 , 55, 1860; J. Roth, Zeit, deut, geol, Ges., 4 , 665, 1852; T. Liebe, ib,, 7 , 
406, 1856; F. Hoppe-Seyler, ib., 27 , 499, 1875; F. Pfaff, Fogg. Ann., 82 , 488, 1861; T. S. 
Hunt, Awer. J, Science, (2), 2 S, 181, 371, 1859; M. Schafh&utl, Neues Jahrb. Min., 812, 1864; 
C. Knausz, Chem, Centr,, ( 1 ), 26 , 244, 1856; C. Doelter and R. 'Homes, Jahrb. geol, 
Reichsanst,, 69, 1875; C. Schmidt, N. Pkersb. Acad. Bull,, 16 , 205, 1871. 

® H. C. Bolton, Ann, N.Y, Acad. Science, 1 , 1 , 153, 1877-80; Froc, Amer. Assoc. Adv, 
Science, 31 , 271, 1883; Chem. News, 36 , 249. 1877; 37 , 14, 24, 65, 86 , 98, 1878; 38 , 168, 
1878; 43 , 31, 39, 1881; 47 , 261, 1883; J. W. Richards and N. S. Powell, Journ, Amer. 
Chem. Soc,, 22 , 117, 1900. 

* E. Jannettaz, Compt. rend., 77 , 838, 1873; 78 , 862, 1874. 

’ H. St C. Deville, Compt, rend., 37 , 1001, 1853; J. W. Gunning, Journ, prakt. Chem., 
(1), 62 , 318, 1864. 

* A. J. J. Browne and J. B, Harrison, “On the Geology of Barbados,” Quart. Joum. 
Oeol. Soc., 48 , 170, 1892. 
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Clay and Quartz, — Digest 5 grms. of the air-dried and powdered sample in 
dilute hydrochloric acid (2-5 per cent.) ^ in the cold (SU"). When effervescence 
has ceased, decant the solution through a filter-paper. Heat the residue on a 
water bath several hours with a concentrated solution of sodium carbonate 
containing some sodium hydroxide ^ and wash the residue at the filter pump 
(1) with the same solution; (2) with water; and (3) with dilute hydrochloric 
acid. Ignite and weigh the residue as “clay and siliceous minerals.” 

Reduce the residue to an impalpable powder in an agate mortar aiid boil 
a weighed portion repeatedly with concentrated sulphuric acid until the clay 
is quite decomposed. Drive off the excess of acid and heat the residue with 
dilute hydrochloric acid to dissolve basic aluminium and ferric sulphates. 
Filter and wash. Heat the residue with the sodium carbonate solution to 
dissolve the colloidal silica set free during the decomposition of the clay. 
Again filter, wash and ignite the residue. The final residue represents the 
crystalline siliceous minerals, mostly quartz. The difference between the 
weight of “clay and siliceous minerals” and the weight of the quartz residue 
obtained therefrom, multiplied by 1*1623, represents the amount of clay, 
provided it be assumed that the clay can be represented by AlgOg . 2 Si 02 • ^HgO, 
and that ignited clay is all dissolved by the treatment in question. For the 
limitations involved in this assumption see pages 758 et seq. 

Colloidal Silica. — Treat 5 grms. of the air-dried and powdered sample with 
dilute hydrochloric acid (2*5 per cent.) in the cold (30°). Evaporate the 
wsolution to dryness in a porcelain basin, with the usual precautions against 
loss by spurting (page 147), in order to render the silica insoluble. Digest the 
residue in warm hydrochloric acid, add water, filter and wash. Ignite the 
residue and weigh. The insoluble matter consists of the residue insoluble in 
dilute hydrochloric acid, together with the colloidal silica originally present in 
the sample and that formed by the decomposition of certain hydrated silicates 
and aluminium silicate, which may be present in small quantities. The 
difference between the weight of this mixture and the “clay and quartz” 
resulting from the preceding operation represents the colloidal silica.^ 

Example. — Suppose that 5 grms. of gault clay furnished: 

Clay and quartz residue ..... ()-2514 grm. 

Quartz residue ....... 0 1255 grm. 

Calcined clay ...... 0-1259 grm. 

Siliceous residue ...... 0-3819 grm. 

Clay and quartz residue ..... 0-2514 grm. 

Colloidal silica ...... 0-1305 grm. 

The calcined clay corresponds with 0-1259 x 1-1623 — 0-1463 grm. of clay. Hence the 
sample would be reported to contain : 

Quartz residue ....... 2-51 per cent. 

Clay residue ....... 2-93 per cent. 

Colloidal silica ....... 2-61 per cent. 


^ Dilute acetic acid was tried, but it only partially attacked the zeolites and the silica 
set free from these minerals was estimated as colloidal silica. 

• Lukob's Solution. — Dissolve 100 grms. of crystalline sodium carbonate and 10 grms. 
of sodium hydroxide in water and make the solution up to a litre with water. Remember 
that the solution will dissolve silica from the glass of any bottle in which it may be stored. 

• The term ‘‘colloidal silica*’ is here synonymous with “silica soluble in dilute hydro- 
chloric acid.” Note that burnt limestones and burnt magnesites may contain more “soluble 
BiHca” th^ the raw material, owing to the formation, during calcination, of silicates, which 
can be decomposed by treatment with acids. 
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Alumina, ferric oxide, etc., can be determined in the filtrate from the silica 
in the usual way.^ 

Cla^ in Limestones . — A number is obtained by the following process which 
is generally supposed to represent the amount of ''clay” in the given limestone: 
— Digest 2 grins, of the powdered sample with 40 c.c. of water and 4 c.c. of 
concentrated hydrochloric acid as indicated on page 591. When effervescence 
has ceased, boil the solution for about 10 minutes to drive off’ the carbon dioxide. 
Precipitate any iron and aluminium which may have gone into solution by the 
addition of ammonia. Filter through a Cooch crucible, wash, ignite at a low 
red heat and weigh. Between one and two hours are required for the deter- 
mination. Archetti ^ considers that, if much magnesia be present, the results 
will be high, because some magnesium hydroxide will l)e precipitated by the 
ammonia. In such cases, Archetti treats 2 grins, of tln^ sample with 10 per 
cent, hydrochloric acid mixed with one-tenth its volume of 10 per cent, nitric 
acid. When solution is complete, add an excess of ammonium chloride and a 
slight excess of ammonia. Wash the precipitate, etc., as before.^ 

§ 290. The Determination of Free Lime in Quicklime and Mortars. 

Free lime may be detected in whiting by boiling a couple of grams for about 
5 minutes with 100 c.c. of water. An alkaline reaction — develo])ment of a 
red colour with phenolphthalein - is generally taken to represent free lime, 
although the coloration may possibly be due to the partial hydrolysis of the 
carbonate and to the jiresence of alkali hydroxides or carbonates in the 
original sample. 

Winkler^s Process . — To determine the free lime in quicklime,'* (‘arefully 
slake 10 grins, of the sample with water, transfer the resulting (‘ream to a 250 
c.c. flask and make the contents up to the mark with distilled water. Pipette 
25 c.c. ( = 1 grin, of the sample) of the thoroughly mixed contents into an 
Erlenmeyer’s flask, add a few drops of phenolphthahdn ^ as indicator and 
titrate slowly with N-hydrochloric acid until the red colour disappears. The 
colour change takes place before the calcium carbonate is attacked by the acid 
and it is possible to strike the point where all the calcium hydroxide is just 
neutralised. The small amount of carbon dioxide liberated by the next drop or 
two of the standard acid decolorises the phenolphthalein and indicates the end 
of the titration. The acid must be added very slowly with constant stirring to 
get reliable results. 

Stone and Schenck^s Process .^ — This is based on the fact that calcium oxide 


^ For phosphoric acid in limestones, see F. Hinden, Zeit. anal. Chem.^ 54, 214, 1915. 

* A. Archetti, Boll. Chim. Farm.^ 48, 409, 1909. 

* For the analysis of mortars, see W. J. Dibdin and R. Grimwood, Analyst, 21, 197, 1896; 
for peat soils, R. A. Gortner, Boil Sci., i, 505, 1916; J. L. Heitzman, Eng. News Record, 97, 
271, 1926; D. Florentin, Compt. rend., 183, 53, 1926. 

* Also in slaked lime. A. Winkler, Joum. prakt. Chem., (1), 67, 444, 1856; W. Richter, 
Tonind. Ztg., 27, 1862, 1943, 1903. 

* A. Gawalovski, Zeit. anal. Chem., 22, 397, 1883; F. W. Ktister, Zeit. anorg. Chem,, 13, 
141, 1897; G. Lunge, Zeit. angew. Chem., 10, 41, 1897; C. Winkler, Praktische Uebungen in 
der Maassanalyse, Leipzig, 1888. For phenacetolin as indicator, see G. Lunge, Chem. Ind., 
4, 349, 1881; Joum. Soe. Chem, Ind., 1 , 56, 1882. A 0-2 per cent, aqueous solution is used. 
The solution is pale yellow in the presence of caustic alkalies and brick red with alkali 
carbonates and magnesia — P. Degener, Zeit. Ver. RUbenzucker Ind., 31 , 357, 1881; Chem. 
Ztg. 5, 400. 1881. 

* W. E. Stone and F. C. Schenok, Journ, Amer. Chem. Boc., x6, 721, 1894; Chem. News, 
70, 278, 1894; J. Hendrick, Analyst, 32, 320, 1907. For the solubility of lime in saccharine 
solutions, see J. Weisberg, Bull. Boc. chim., (3), 2X, 773, 1899; 23, 740, 1900; Chem. News, 
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forms soluble comj)ounds with a solution of cane sugar under conditions where 
calcium carbonate, alumina and ferric oxide remain unaffected. Hence shake, 
say, 1 grin, of the ]) 0 wdered sample with bCK) c.c. of a 10 per cent, solution of 
cane sugar for 20 minutes. Filter and wash with the solution of sugar. The 
lime in the filtrate can he determined either by precipitation as calcium oxalate, 
or volunietrically by titration with standard hydrochloric acid. The authors 
say that “magnesia is not soluble to any appreciable extent in the solution of 
cane sugar containing lime, under the stated conditions.” 

Fruhlmg's Method.^ - 5 grins, of the powdered sample are introduced into 
a stoppered Erlenineyer’a flask. Add 100 150 c.c. of w^ater and 30 drops of 
])henolphthalein solution. Shake the contents thoroughly. Wash the sides of 
the flask and the stopper. Add, say, 30 c.c. of standard hydrochloric acid 
from a burette. The red colour of the solution may disappear, hut it will 
reappear if the flask be agitated, because “quicklime” generally contains more 
than HO per cent, of CaO. Add a gram of ammonium chloride. Th(‘ remaining 
calcium hydroxide decomposes the ammonium salt, liberating an equivalent 
amount of ammonia. This facilitates subsequent titration. Add the hydro- 
chloric acid 1 c.c. at a time until the red colour takes an a])})reciable time to 
return when the flask is agitated. The acid is now added 0*1 c.c. at a time. 
If the red colour does not appear after the agitated solution has stood 5 minutes, 
read the volume of acid used and multiply the result by 2 to get the correspond- 
ing amount of CaO in the given sample. For instatice, if 38 c.c. of hydrochloric 
acid had been used, the sample contained 7H per cent, of CaO. Friililing’s 
process is also ap])lied to the determination of lime in mortar.^ I'he mortar is 
well mixed by [)assing it through a sieve with a stiff brush. Weigh 100 grms.^ 
into a stoppered flask. Add 25 grms. of ammonium chloride, 100 c.c. of water 
and 20 drops of phenolphthalein. Add 50 (*.c. of the standard hydrochloric 
acid. The red colour disa])pears teiriporarily but reappears on shaking. This 
shows that free lime is still present. Continue adding acid 1 c.c. at a time until 
the red colour reappears but slowly. Then add the acid in smaller portions at 
a time, say 0*5 c.c. Finally, when the red colour does not appear until the 
solution has stood for 5 minutes, the titration is complete and the calculation 
is made as before.^ 

Estimates of the free lime in cements are apt to be misleading, because 
no method is yet known which is universally applicable. Some of the 

82 , 284, 19(K). See also W. Heldt, Jtnirn, prak(. Chm., ( 1 ), 94 , 129, 1865; L. C. Levoir, 
Rex'. Trav. chim., 5 , 59, 1886; C. Parsons, Deui. Top. Zeig. ZUj., 2 , 585, 1888; W. P. 
Mason, Journ. Amer. Ckem. *S’oc., 16 , 733, 1894; O. Rebbufat, Tonind. Zt^.^ 23 , 782, 823, 883, 
9(K), 1899; Qazz. Chim. Ital., 28 , ii, 209, 1899; W. H. Low, Chem. Engineer, 4 , 13, 1906. 

^ R. Friihling, Tonind. Zig., 8 , 393, 1884; H. 8 eger and E. Cramer, ? 6 ., 31 , 619, 1907; 
W. E. Emley, Journ. Amer. Cer. Soc., 17 , 720, 1915. 

* KXK) c.d. of the hydrochloric acid have 130*0 grms. of HCl, and this is equivalent to 100 
grms, of CaO. Hence 1 c.c. of the standard solution corresponds with 0*1 grm. of CaO. 

* M. Holmblad, Tonind. Zig., 13 , 143, 1889; H. Seger and E. Cramer, 16 ., 26 , 1719, 1902. 

* A small brass cylinder, closed at one end, and fitted with a movable piston, is sometimes 
used when the mortar is evaluated by volume, not by weight. The cylinder holds 50 c.c. of 
mortar and it is filled by placing the mouth of the cylinder with the piston depressed into the 
mass of mortar. By elevating the piston and pressing the cylinder into the mortar, the cylinder 
is easily filled. By depressing the piston, 50 c.c. of mortar can be delivered into a glass 
cylinder for analysis. The final result is then represented as kilograms (or lbs.) per cubic 
metre (or cubic foot). 

* If the sand mixed with the lime contains calcium carbonate, the lime content of the 
mortar may come out too high, because some of the acid may have attacked the carbonate. 
The calcium hydroxide is, however, attacked before the carbonate, as indicated under 
“Winkler’s process,” above. See H. E, Kiefer, Journ. Ind. Eng. Chem,, 4 , 358, 1912; A. H. 
White, 16., t, 6, 1909. 

38 
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calcium silicates and aluminates are decomposed, by hydrolysis, at the 
same time as the ‘‘free lime” is dissolved. Solutions of glycerol^ in 
water, iodine solutions,^ dilute hydrochloric acid,^ ammoniiim salts ^ (page 
590) and other reagents ® have been proposed and found unsatisfactory. The 
same might be stated concerning the attempt to determine this constant from 
the amount of “heat” developed during hydration.® 

For determining the lime in slaked lime, containing the oxide, hydroxide 
and carbonate, Weissenberger ^ recommends first drying the material for 30 
minutes at 120‘' in an atmosphere free from carbon dioxide. The lime is then 
slaked and similarly dried. The weight of the substance before and after 


^ F. Hart, Ttmind. Ztg.y 24 , H>74, 19(K); M. Muyard, BtilL Soc. chim., (3), 27 , 851, 1902; 
Chem. News, 87 , 109, HK)3. A mixture of j?lycerol and alcohol Ik now commonly uaed- 
G. E. Bessey, Cemc'nt, 9 , 163, 1936; L. T. Work and F. P. Lasseter, Concreie {Cement Mill, 
Ed,), 38 , No\ 3, 81 ; No. 4, 89; No. 5, 79, 1931. 

2 F. Hart, Dingler's Joum., 175 , 208, 1865. 

® C. Zulkowsky, Tonind. Ztg., 22 , 285, 1898; H. HauenKchild, ib., 19 , 239, 1895; 

E. Fremy, Compt. tmd., 67 , 1205, 1868; E. Laudrin, ib., 96 , 1.56, 379, 841, 1229, 1883; 

F. Schott, Dingier' s Journ., 202 , 434, 1871; G. Feichtinger, ib., 174 , 437, 1864; A. Schulat- 
schenko, ib., 194 , 355, 1869. 

* G. Berju and W. Kosinenko {Landw. Vejr. Stat., 60 , 419, 1904; A. Bodenlxsndcr and E. 
Ihlee, Zeit. Ver. Eubemuckerind., 29 , 714, 1907) use ammonium nitrite; M. Hf^yer {Chem. 

33f 102, 1157, 1909; P. Philossophoff, ib., 33 , 67, 1909; M. Popel, 7jeii. angew. Chem., 
21, 2080, 1908; F. Knapp, Dingier' s Journ., 265 , 184, 1887; M. Tomoi, Tonind. Ztg., 19 , 177, 
1895; H. Hauenschild, ib., 19 , 239, 1895; S. Wormser, ib., 24, 1636, 2072, 19(K); E. Michel, 
Joum. prakt. Chem., ( 1 ), 33 , 548, 1844; K. S. Beall, Chem. Engineer, 3 , 315, 1906; W. H. 
Low, ib., 4 , 13, 1906; H. Cantoni and G. Gorguelia, Chem. Ntw«, 90 , 4, 1904; A. Cavazzi, 
Ann. Chim. appl.,4, l37, 1915; H. Schreib, Ze.U. angew. Chem., 2 , 211 , 1889) uses ammonium 
chloride; K. Brandon berg {Chem. Ztg., 33 , 880, 1909) distils with an alcoholic solution of 
ammonium bromide. The ammonia in the distillate corresponds with the calcium oxide. 
J. Hendrich {Journ. Soc. Chem. Ind., 28 , 775, 1909; 30 , 520, 1911) determined the free lime 
in basic slags by distilling them with solutions of ammonium sulphate and chloride, and 
estimated the basicity of the slag from the amount of ammonia given off: (NH 4 ) 2 S ()4 fCaO 
= CaS 04 + H 2 O + 2 NH 3 . The ammonia evolved owing to the hydrolysis of the ammonium 
salts (W. Smith, Journ. Soc. Chem. Ind., 15 , 3, 1896; 30 , 253, 1911; V. H. Veley, Journ. 
Chem. Soc., 87 , 26, 1905; A. Vtirtheim and G. H. Jongen, Chem. Weekb., 28 , 206, 1931) is 
negligibly small, and he claims the results are satisfactory. G. Feichtinger {Bayer. Kunst, 
Gewerb., 69, 1858) used ammonium carbonate; M. Tomei {Tonind. Ztg., 19 , 177, 1895) used 
ammonium hydroxide, and also ammonium acetate; 8 . Wormser {Tonind. Ztg., 24 , 28, 
1900), ammonium oxalate. See also A. Winkler, Dingier' s Joum., 175 , 208, 1865. 

® M. Bischoff {Chem. Ztg., 27 , 33, 1903) recommends water for extracting lime from slags, 
since he thinks sugar solutions dissolve calcium hydrogen carbonate. E. H. Keiser and 
S. W. Forder {Amer. Chem. Journ., 31 , 153, 1904; A. S. Cushman, ib., 3 X, 445, 1904) propose 
to determine lime in commercial quicklime, slags and cements by digesting with water — 
free lime is attacked at once, calcium silicates but slowly (A. Winkler, Chem. Centr., (2), 
481, 1858; H. le Chatelier, Bull. Soc. chim., (2), 41 , 377, 1884; L. C. Levoir, liec. Trav. 
chim., 5 , 59, 1886; C. Zulkowsky, O/iem. Jnd., 24 , 290, 1901); water and carbon dioxide 
(G. Feichtinger, Dingier' s Joum., 174 , 437, 1864; A. Winkler, l.c.; L, C. Levoir, l.c.); lime- 
water (E. Laudrin, l.cr, H. le Chatelier, l.c.); sodium carbonate (G. Feichtinger, Bayer. 
Kunst. Gewerb., 69, 1868; F. Schott, Dingier' s Joum., 202 , 434, 1871); potassium carbonate 
(G. Oddo and E. Manselle, Gazz. Chim. Jtal., 25 , ii, 101, 1896; G. Feichtinger, l.c.); sodium 
hydroxide (P\ Hart, Tonind. Ztg., 24 , 1674, 1900); magnesium chloride (P’. Knapp, Dingier' s 
Joum., 265 , 184, 1887); magnesium nitrate (C. Zulkowsky, Zeit. Niederdaterreich Ing. Ver., 
1863); calcium chloride (L. C. Levoir, Bee. Trav. chim., 4 , 55, 1885); aluminium chloride 
(S. Wormser and O. Spanjer, Tonind. Ztg., 23 , 1785, 1899); water glass (W. Heldt, Joum. 
praht. Chem., ( 1 ), 94 , 129, 1865); hydrogen sulphide (B. Steuer, Tonind. Ztg., 23 , 1604, 
1899); ethylene glycol (P, SchBlpfer and R. BvikowB^ii, Eidgenoss Maierialprufungsanstalt 
E.T.H. Zurich, Report No. 63, 1933; D. R. MaePherson and L. R. P’orbrich, Ind. Eng. 
Chem. Anal. Ed., 9 , 451, 1937). 

• W. Ostwald and R. Blank, Riga Ind. Ztg., 9 , 208, 1883; V. Fortini, Ann. Lab. Chim. 
Centr. GabeUe, 6 , 609, 1912. 

’ G. Weissenberger^ Oeeter. Chem, Ztg., 16 , 192, 1913. For the determination of free 
magnesia in cements, see B. Grtinwald, Chem. Ztg., 37 , 885, 1913. 
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slaking gives the necessary data for calculating the amount of calcium oxide. 
Estimation of the hydroxide from the loss of water on ignition gives high 
results because the dried hydroxide always contains a little more water than 
corresponds to Ca(()H)2. If the amount of hydroxide is small this does not 
matter. Calcium hydroxide also has an appreciable vapour pressure at 120°. 


§ 291. The Analysis of Calcium Sulphate, Plaster of Paris 

and Gypsum. 


Gypsum, terra alba and plaster of Paris are more or less pure varieties of 
calcium sulphate. The analysis of calcium sulphate generally involves the 
determination of lime (CaO), sulphur trioxide (SO 3 ), water, silica, iron and 
aluminium oxides, magnesia and carbon dioxide."^ Calcining and physical 
tests show the value of gypsum and 2)laster of Paris better than chemical 
analysis. For the loss of moisture when grinding the sam2)le, see i)age 107. 

Moisture, - Heat about a gram of the sample one hour at 105° and note the 
loss in weight. 2 Heat a weighed amount of the samjde (say, 1 grm.) in a 
crucible, first on a hot ^Jlate, then at a dull red heat over a Hunsen i)urner for 
about 10 minutes, and at a rather low^er temperature for about 40 minutes. 
Cool and weigh. Repeat the ignition until a constant weight is obtained. 
This gives the total water. 


Exaimpue. — S iipjKise that : 

Ouciblc and 1 grm, of raw gypsum 
(Viioible and gypsum after 105^ (I hr.) . 
Ouoible and gypsum after 105'' (J hr. more) 
Water lost at 105 ' 

Crucible and raw gypsum 
Crucible and gypsum after dull redness . 
Total water ..... 
Water lost at 105" 

Total w'ater. .... 


20-2682 grms. 

20- 11 14 „ 
201113 „ 

0 1569 grm. 
20-2682 grms. 
20-0592 
0-2090 grm. 
15-69 per cent. 
20-90 


Frey's Process for the Different Forms of Plaster . — In view of the different 
forms of plaster on the market, it is necessary to determine the different modi- 
fications ® of plaster in a given sample. The problem, at present, has not been 
solved completely, but Frey ^ has made the best attempt. The hemihydrate — 
Ca804.JH20 — is estimated by finding the amount of water taken up at 
ordinary temperatures and retained at 60°. 5 grms. of the samjde are spread in 

a thin layer over the bottom of a porcelain basin and just covered with water 
from a wash-bottle. In 30 minutes, the basin is placed in a drying oven at 60° 
and kept at that temperature until the weight is constant. If a grins, of water 
are taken up, the weight y of hemihydrate in the sample is 

y=5-371a (1) 


^ E. H. S. Bailey, Vniv, Oeol, Sur. Kansas^ 5 , 166, 1899; A. Cavazzi, Gazz. Ghim. 

43 , ii., 71, 1913; Ann. Chim. (ippl., 6 f 18, 1916; G. Gallo, Gazz. Ghim. Ital., 44 , i.,497, 1914; 
P. P. Budnikov, Journ. Anier. Ger. 80 c., 7 , 817, 1924. 

* Gypsum — CaS 04 . 2 H 20 — begins to lose water at 40®; three-fourths of its water is 
driven off at 155® and at 194® the anhydrous sulphate is formed. Gypsum heated to about 
400® forms “dead burnt*’ and flooring plaster. V. Zunino, Gazz. Ghim. Ital., 30 , i., 333, 1900. 
G. Surr (Min. Eng. World, 36 , 467, 1912) recommends reporting as “moisture” the loss of 
weight gypsum suffers on heating to 80®, and “combined water” at 200 ®. 

* For the five different modifications, see J. H. van’t Hoff, Zeit. phys. Ghem., 45 , 257, 
1903; P. Kohland, Zeit. anorg. Chem., 35 , 201, 1903; 36 , 332, 1903. 

* 0. Frey, Tonind. Ztg., 33 , 1229, 1909. 
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unless soluble anhydrite be also present. In that case, the weight of the 
anhydrite c must be taken into account from (3) below : 

?/-5*37l(a-()-26r);r) .... (2) 

The soluble anhydrite is estimated by exposing 5 grnis. of the sample in a thin 
layer as before to water vaj)our at the ordinary temperature for a period of 7 
days under a bell-jar. The whole of the soluble anhydrite is thus converted 
into hemi hydrate, and if h represents the increase in weight after drying at 
60 ^ 70 ^ 

c-ir)*113/> (3) 

To detect soluble anhydrite, a })ortion of the plaster is lawned into a small 
cylinder containing 200 c.c. of water in whi(‘h a sensitive thermometer is 
immersed. If soluble anhydrite be present, the temperature rises almost at 
once and continues to rise for about 2 minutes. The rise of temperature which 
occurs when the heniihydrate is alone pre.sent begins some 5 minutes after the 
mixing and continues for about 20 minutes. 

The proportion of flooring })laster ^ found in plast(‘r of Paris which has been 
burnt at too high a temperature is estimated by vretting 5 grins., as in the 
estimation of the heniihydrate, allowing it to remain 7 days in a moist atmo- 
sphere, and finally drying at 60'^. If c denotes the increase in weight, the 
amount e of the flooring plaster is 

c-3-778(c-u) (4) 

The constituents indicated above are all capable of hydration but, in addition 
to these active coinjionents, the sample may contain un burnt gypsum, dead- 
burnt ])laster, natural anhydrite and impurities — clay and sand. The unburnt 
plaster is estimated by finding the loss in weight on ignition. If the loss in 
weight be v\ the weight of unburnt gypsum r is 

r-4-778(w:- 0-062//) .... (5) 

If the total calcium sulphate as determined from the weight of the sulphate 
present is S, the weight t of natural anhydrite and of dead-burnt plaster is 
then 

/=:^S-(0-938y + 2 -tc + 0-791r) . . (6) 

The sand and clay are determined by difference. 

- Digest I grni. of the powdered sample in an evaporating basin with 
20 c.c. of concentrated hydrochloric acid and 20 c.c. of water. Evaporate the 
solution to dryness. Boil the mass several times ^ with 100 c.c. of dilute 
hydrochloric acid (1 : 3). Filter and collect the insoluble matter on a filter- 
paper, vrash with hot water, ignite, w^eigh and report as insoluble siliceous 
minerals, or treat the residue as in a clay analysis with hydrofluoric acid.® 

Alumina and Ferric Oxide . — Make the filtrate up to 500 c.c. in a measuring 
flask. Transfer 300 c.c. to a 600 c.c. Erlenmeyer’s flask. Precipitate the 


1 Flooring or hydraulic plaster — KstrichgipM — is gypsum which has been calcined at 
about 400° and which has accordingly lost all its water but, unlike “dead-burnt plaster,” 
is able to combine with water to form a cement. Flooring plaster and dead-burnt plater are 
both dehydrated, but the former is active and admits of rehydration, the latter is inactive. 
J. H. van’t Hoff and J. Just, Sitzber. K. Prettss. Akad. Wias., i, 249, 1903. 

* A single boiling may not suffice to dissolve all the calcium sulphate. There is here a 
danger of error owing to some calcium sulphate escaping solution. 

* Or fuse the residue with sodium carbonate; digest with hydrochloric acid; evaporate to 
dryness for silica; digest the dry mass with (tilnte hydrochloric acid; filter, wash and add 
the filtrate to the main solution. 
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ferric and aluminium hydroxides with ammonia, ignite the washed precipitate 
with the residue left after treating the siliceous residue with hydrofluoric acid. 

Lime and Magnesia . — The filtrate from the ammonia precipitate is con- 
centrated by evaporation and the lime and magnesia determined in the usual 
way (pages 202 and 208). 

Sulphuric Acid . — The 2(X) c.c. remaining in the measuring flask are treated 
with barium chloride as described on page 703. The amount of barium 
sulphate, multiplied V>y 0-5832, represents the corresponding amount of 
calcium sulphate; and by 0-2403 gives the corresponding amount of CaO. Tf 
the amount of C'aO so determined is leas than the amount obtained by the 
oxalate process, the remaining (JaO will probably have ])een combined with 
carbon dioxide; and the amount of calcium carbonate is determined by 
jnultiplying the difference between the two results by 1-7847. (^arbon dioxide 
is not usually present. If it is, the amount can be determined by the process 
(b‘scribed on page 324. 

Example. — S uppose that the analysis of a sample of gypsum gave. 

Barium sulphate . . . .1-3150 grm. 

(-alcium oxide ....... 0-3295 grm. 

Hence 1 -31 50 > 0-2403 0-3101 grm. CaO; and 0-3295 0-310J -0-0134 grm. CaO. 
(Vmsequentlv the sample has 0-0134 x 1-7847 -0 0239 grm. CalHlg; and 1-3150 < 0-5832 
0-7073 grm. CaS 04 . 

§ 292. The Analysis of Barytes and Witherite. 

Barytes, heavy spar or barite is a variety of native barium sulphate and 
witherite a native barium carbonate. These minerals are so cheap that they 
are very seldom adulterated and the analysis is therefore directed to the deter- 
mination of the natural impurities.^ The minerals are often found in commerce 
ground to impalpable })owders. The analysis may involve the determination of 
barium and calcium sulphates, barium and calcium carl)onates, magnesia, silica, 
alumina, ferric oxide and moisture. This latter is determined by drying about 
2 grms. at 1 10^ for a couple of hours. Traces of lead, copper and zinc are 
sometimes present. Fluorides (fluorspar) are not at all uncommon. A high- 
grade sample of barytes may run: 

BaSO^ SiOa Al^O^ MgCH)^ CaCOg HjO 

96-5 0-5 0-5 0-2 0-2 1-2 0-5 

Barium Sulphate and Silica . — Boil a gram of the sample in dilute hydro- 
chloric acid (1:3) and evaporate the solution to dryness. Moisten the mass 
with dilute acid, digest with water, boil, filter, wash. The filtrate contains 
iron oxide, alumina, lime and magnesia the insoluble residue contains 
barium sulphate and “silica.” Ignite and weigh in a platinum crucible® as 
“total insoluble.” ^ This is sometimes reckoned as barium sulphate. To 
correct the “total insoluble” for silica, add sulphuric and hydrofluoric acids. 
Evaporate to dryness, ignite and weigh. The loss in weight represents silica. 


^ J. Aron, NoHzhlait, 8 , 293, 1872; E. S. Hertzog, Ind. Eng. Chem. Anal. Ed.^ 9 , 336, 
1937. 

* Barium carbonate, if present, is also dissolved. The barium chloride can be removed 
from the filtrate by the addition of dilute sulphurijj^acid (page 582) and reported aa barium 
carbonate. 

* Assuming that the qualitative analysis has shown the absence of lead. 

^ Borne prefer to fuse the insoluble matter with sodium carbonate. Take up the mass 
with water, etc., as described below. 
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The alumina, ferric oxide, lime and magnesia are determined in the filtrate 
in the usual way. 

Soluble Sulphate . — Boil 1 grm. of the powdered sample with 20 c.c. of 
concentrated hydrochloric acid, add 200 c.c. of hot water, boil, filter and 
wash. Determine the sulphates in the filtrate by the addition of barium 
chloride (page 703). Multiply the weight of the barium sulphate obtained by 
0*5832 to get the corresponding amount of calcium sulphate and by 0*2403 to 
get the corresponding amount of CaO. If the amount of CaO so determined 
be less than that obtained by the oxalate process, and if carbonates are 
present, report the equivalent of the remaining calcium oxide as calcium 
carbonate; and if carbonates are absent, report the remaining CaO as lime. 

io.s’s on hjnition . — On ignition of a given sample in a platinum crucible, the 
loss in weight represents water (free or combined with gypsum or clay), carbon 
dioxide from the whiting and organic matter. 

Complete Analyais. - - A more exact analysis can be made by fusing a cou})le 
of grams of the sample with sodium carbonate in a platinum crucible.^ Digest 
the fused mass with hot water until the alkali sulphates and carbonates are 
all dissolved. Filter the hot solution and wash the insoluble residue with water. 
A slight excess of hydrochloric acid is added to the filtrate, which is then 
evaporated to dryness. The silica is removed by evaporation in the usual way; 
and sul])huric acid is determined in the filtrate by the method of page 703. 
The excess of barium, used in the precipitation of the sulphuric acid, is now 
removed from the filtrate by the process of § 286, page 582. The precipitated 
barium sulphate is filtered off, washed and the filtrate alone retained. The 
insoluble residue is dissolved in dilute hydrochloric acid, evaporated to dry- 
ness and the silica retained by it separated as usual. In the filtrate from 
the silica, the barium is precipitated as above and weighed as sul[)hate. The 
filtrates from the two respective precipitations of barium sulphate are then 
combined — aluminium and ferric hydroxides are precipitated by the addition 
of ammonia (page 164) and the calcium determined in the filtrate by the 
oxalate process. 


^ According to E. K, Calcy {Journ. Amer. Chem. *SV.,55, 3947, 1933), all difficultly soluble 
sulphates can be decomposed by digestion with hot, concentrated hydriodic acid. The 
apparent reactions are : BaS 04 + 8H1 — BaS + 4 H 2 O + 4 I 2 and Ba8 4 2HI = Balj + HgS. 

* Note, if hydrochloric acjid be used for the extraction, insoluble barium sulphate is re- 
formed. During the fusion: BaS 04 + Na 2 C 03 ~BaC 03 + Na 28 04 . The latter is soluble in 
WAter; the barium carbonate is insoluble. If hj'drochloric* a(tid be used, barium carbonate 
dissolves and barium sulphate is reprecipitated by the soluble sulphate. 



CHAPTER XXXVII. 


SPECIAL METHODS FOR THE DETERMINATION 
OF ALKALIES AND THEIR SALTS. 

§ 293. The Gravimetric Determination of Lithium— 
Kahlenberg’s Process. 

LiTiiruM can be detected in many clays and in most natural silicates by means 
of the spectroscope,^ but it is usually present in such small quantities in clays 
that a quantitative separation is impracticable. Some samples of Cornish 
stone, however, may have appreciable amounts of lithium.*^ It is generally 
stated that the lithium will be found in the ordinary course of analysis, mixed 
with the chlorides of potassium and sodium.® As a matter of fact, lithium 
carbonate may be precipitated when a solution of lithium chloride is treated 
with an alkali carbonate, for 100 c.c. of water, at 15°, dissolve but 1*36 grins., 
and 100 c.c. of alcohol (sp. gr. 0*941), 0*06 grm. of the carbonate.^ The 
solubility is, however, much increased in the presence of ammonium salts, so 
that no precipitate will be obtained if a sufficient excess of these salts be 
present. Again, when calcium is precipitated as oxalate, lithium is retained 
so tenaciously that it is exceedingly difficult to wash the lithium from the 
precipitate. This uncertainty about the location of the lithium salts makes 
it desirable to proceed a little differently from the method indicated on 
page 216, when lithium is to be determined. 

The Isolation of Lithium Salts . — After treating the sintered cake formed 
during the ignition, in Smith’s process (page 215), with water, the aqueous 
extract is evaporated to dryness in a platinum dish with the occasional addition 
of concentrated hydrochloric acid. Dry at 110° for about half an hour. 
Extract the residue with 25 c.c. of 95 per cent, alcohol, and wash it with alcohol 


^ Compare W. 0. Robinson, L. A. Steinkoenig and C. F. Miller, U. 8 . Dept. Agr. Bull., 
600 , 1917. 

* The separation of alumina in the analysis of lithium silicates — according to K. and E. 
Sponholz {Zeit. anal. Chern., 31 , 521, 1892) — ^requires four or five precipitations of the alumina 
with ammonia to get the alumina free from lithium. The basic acetate separation, however, 
is said to present no particular difficulty. 

® Along with rubidium and caesium chlorides — A. A. Anderson, Min. Eng. World, 36 , 
1055, 1912. For the contamination of potassium chloroplatinate with lithium, see G. Jenzsch, 
Pogg. Arm., 104 , 102, 1858. For the possible loss of rubidium and cajsium salts during fusion 
with alkali carbonates, see N. M. von Wittorf, Zeit. anorg. Chem., 39 , 187, 1904. 

* J. Bevade, Bull. 80 c. chim., (2), 43 , 123, 1885; F. Ageno and E. Valla, AUi Accad. 
Lincei, (5), 20 , ii, 706, 1911 ; P. A. Fltickiger, Arch. Pharm,, (3), 25 , 542, 1887 ; C. N. Draper, 
Chem. News, 55 , 169, 1887 ; G. Geffeken, Zeit. anorg. Ckern., 43 , 197, 1905, At 25° the solubility 
of lithium carbonate in water is about 0*34 grm. equivalent per litre; the solubility is not 
much afiected by alkali chlorides or nitrates; it is slightly augmented by alkali sulphates 
and considerably augmented by ammonium salts — thus, in 0‘25N-ammonium sulphate the 
solubility number is 0*51, and with 2N*solution8 1*17. 
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until the lithium is all removed.^ Evaporate the filtrate and washings to 
dryness ^ along with a little hydrochloric acid. The residue is now extracted 

with absolute alcohol until the runnings 
are free from lithium. Evaporate to 
dryness as before and treat the residue 
with a little dilute hydrochloric acid. 
Make the solution alkaline with calcium 
hydroxide^ and filter off the precipitated 
magnesium hydroxide.^ Precipitate 
the lime with ammonia and ammon- 
ium oxalate in the usual way. Filter 
and thoroughly wash with water 
100 c.c. usually suffice to free the 
preci])itate from lithium. Evaj)orate 
the filtrate to dryness, drive off the 
ammonium salts and repeat the treat- 
ment with dilute acid, ammonia and 
ammonium oxalate. After evaporation 
to dryness as before, the residue con- 
taining the lithium chloride, along 
with traces of potassium and sodium 
chlorides,® is treated by the pyridine 
or the amyl ah^ohol process. 

The Holuhilitjf of Lithium Chloride 
in Pyridine. - These])aration of lithium 
from a mixture of alkali chlorides is 
based on the fact that the (dilorides 
of sodium and })otassium ® are jiracti- 
cally insoluble in solutions of })yridine 
containing less than 3 per cent, of 
water. Lithium chloride is fairly soluble in anhydrous as well as in aqueous 



Fifa. JIO.- 


Temperatures. 

-Solubility of Lithium Chloride 
in Pyridine. 


* Lithium may be detected spectroseopkally in the residue when it is present in un- 
weighably small amounts. A small direct-vision spectroscope with a slit w'ill show a crimson 
lithium band between the yellow sodium line and the red potassium line (Plate JI.). The 
spectra of the alkalies are shown on Plate II. The spectroscopic met hod will detect 

mgrm. of soda; ,r,V, „ mgrm. of potash; i.,voo.ovff mgrm. lithia; mgrm. rubidia (Bunsen). 
For the spectro metric method of determining lithium, see G. Ranzoli, (luzz. Chim. 

31 , i, 40, 1901; M. Curie and K. Gleditsch, Cowpt. revd.., 345, 1908; L. A. Steinkoenig, 
Journ. Ind. ICng. Chem.^ 7 , 425, 1915; W. W. Skinner and VV. I). Collins, Eighth Inter. Cong. 
App. ('heni.f i, 453,* 1912; A. P. Snesarev, Journ. prakt. Cheni., (2), 141 , 327, 1934. 

2 Recover alcohol in the usual way. 

® L. R. Milford, Journ. Ind. Eng. Ohern., 4 , 595, 1912. The use of lime water instead of 
baryta water for precipitating magnesium avoids introducing a foreign substance. Calcium 
is already present and calcium oxalate is less soluble and more easily washed than barium 
oxalate. 

* J. D. Dinwdddie {Amer. Journ. Eci., ( 4 ), 39 , 662, 1915) uses alcoholic ammonium car- 
bonate to separate magnesium from lithium. L. Moser and K. Schutt (Manats., 51 , 53, 
1929) say that 8 -hydroxy quinoline is more satisfactory. 

® If iodides or bromides were present, they would be found with these chlorides, since 
the bromides and iodides are more soluble than chlorides. In that case, an evaporation to 
dryness with hydrochloric acid and chlorine water, followed by a gentle ignition, will ensure 
a residue consisting of chlorides only — L. R. Milford (/.c.). 

® Also rubidium and csesium. According to M. S^rullas (Ann. Chim. Phys., (2), 46 , 294, 
1831)^ perchloric acid does not precipitate lithium perchlorate from concentrated solutions 
of lithium chloride. For the solubilities of alkali perchloratt^s in organic solvents and the 
separation of lithium from potassium and sodium perchlorates, see G. F. Smith, Journ. Amer. 
Chem. 80 c., 47 , 762, 1925; G. F. Smith and J. F. Boas, ib., 47 , 1020, 1925; H. H. Willard 
and G- F. Smith, ib., 44, 2816, 1922; L. Moser and K. Schutt, Momts., 5 i, 63, 1929. 


PLATE 11. 



SPECTRA OF ALKALI METALS (with Fraunhofer’s lines of Soi .AR Spkotrum as standards of reference. ) 
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solutions of pyridine.^ The solubility of lithium chloride in anhydrous and 
in 97 per cent. })yridine solutions at different temperatures is shown in the 
diagram, fig. 119. The curious break in the curve with anhydrous pyridine 
is supposed to be due to the fact that below 28"^ the solution contains 


and above 28^ LiCK.^sHgN. 
The gra})h shows that at 20°, 100 grins, of 
anhydrous pyridine dissolve 13*39 grins, of 
lithium chloride, and 100 grins, of the 97 
per cent, pyridine (97 vols. anhydrous pyri- 
dine, 3 vols. water) at 22° dissolve 14*31 
grins, of lithium chloride. Kahlenberg and 
Krauskoff' have based u])on these facts a 
])roeess for the sejiaration of lithium chloride 
from the other alkali chlorides. 

1. First Extraction, — Evaporate the aqueous 
solution of the mixed chlorides^ to dryness. 
Add a couple of drops of hydrochloric acid.^ 
Evaporate the mass again to dryness. Digest 
the residue with about 25 e.e. of boiling 
anhydrous ])yridine ^ for 5 or 10 minutes. 
Break up any large masses with a stirring-rod 
with a rounded end. Let the insoluble residue 
settle. Decant the clear liquid through a 
small filter-paper 7*0 cm. (^ollect the filtrate 
in a small Erlenmeyer’s flask and wash the 
residue^ with about 5 (’.c. of hot pyridine. 

2. Second Extraction. - lAthium chloride 



is retained with great tenacity by tlie in- , 2, )._The Recovery of 

soluble alkali chlorides and a second extrac- Pyridine, 

tion is th(»refore necessary. Dissolve the 

residue in a small amount of water with a drop of hydrochloric acid. 
Evaporate the solution to dryness and repeat the extraction with hot 
pyridine.*'* Combine the filtrates and washings from the different extractions. 
Distil off the ])yridine by connecting the Erlenmeyer’s flask with a small con- 
denser (fig. 120). When the residue in the flask is nearly dry, let the mass cool. 

3. Transfonnation of Lithimn Chloride to Lithiimi Sulphate.— Dissolve the 
mass in water acidulated with sulphuric acid in order to transform the lithium 
chloride into lithium sulphate. Filter off any organic residue which may be 
present, and collect the filtrate in a weighed platinum dish. Evaporate to 
dryness. Drive off the excess of sulphuric a(dd at a gentle heat.® Fuse and 
weigh. Multiply the weight of the lithium sulphate so obtained by 0*27178 to 
get the corresponding amount of lithia — LL/). 


^ A. Neumann and J. Schroeder, Her., 37 , 4609, 1904; L. Kahlenl)erg, Jotim. Amer. Chem. 
Soc., 24 , 401, 1902; L. Kahlenberg and F. C. Krauskoff, ffe., 30 , 1104, 1908; E. Murmann, 
Zeit. anal. Chem.t 50 , 171, 273, 1911. Compare L. Moser and K. Schutt, Mon/it^., 51 , 53, 1929. 

* Weighing less than 0*2 grm. 

* In order to convert any lithium hydroxide into chloride. The hydroxide is formed by 
hydrolysis of the chloride and it is not so soluble in the pyridine, 

* The purest pyridine should be used for this purpose. The cheaper material should be 
purified by distillation from fused potash and the fraction boiling Ixdween 114® and 116® 
bo used for the work. 

® If a relatively large amount of other alkali chlorides and a relatively small amount of 
lithium chloride be present, a third extraction may be advisable. 

® According to 1, Kitajama (Joum. Chem. 80 c. Japans 55 , 199, 1934), the ignition tempera- 
ture should not be less than 470®. 
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In illustration of the excellent results which may be obtained by this process, 
the following experiments with artificial mixtures of lithium chloride with 
potassium, sodium and barium chlorides are reported: — 


Table LVIIL — Test Analyses for Lithium, 


Lithium chloride. 

Residue. 

UeHides lithium chloride, the mixture 
contained, in grms. : — 

Used. 

Grm. 

Found. 

Grm. 

Used. 

Grm. 

Found. 

Grm. 

0-0958 

0-0907 

0-0956 

0090:i 

0-6007 

0-5867 

1 

0-6001 

0-5863 

0-2020 KCl; 0-3082 NaCl ; O-OOOr) BaCl. 
0-1933 KCl; 0-2913 NaCl : 0-1021 BaCl, 


The Determination of the Potassiuin and Sodium Chlorides, — If the mixture 
of alkali chlorides of J. L. Smith’s process has been under treatment, the residues 
on the filter-papers which have been washed by the 95 per cent, and the 
absolute alcohol, as well as all the other succeeding residues, are collected 
together, dissolved in water and treated as indicated on page 221 et seq.y for 
potassium and sodium. 

A marked objection to this process is the unpleasant smell of the pyridine, 
hence the work should be done under a well-ventilated hood. The use of 
pyridine is eliminated in Gooch’s process which, nowadays, is the more favoured 
method for determining lithium. 


§ 294. The Gravimetric Determination of Lithium — 

Gooch’s Process. 

Gooch’s process^ is based upon the fact that lithium chloride is soluble in 
amyl alcohol — 10 c.c. dissolve 0*75 grm. of lithium chloride — whereas sodium 
and potassium chlorides are but sparingly soluble in the same menstruum. ^ 
Gooch has shown that 10 c.c. of the alcohol dissolve 0*00041 grm. of sodium 
chloride and 0*00051 grm. of potassium chloride. Hence, if a mixture of 
lithium, potassium and sodium chlorides be washed with amyl alcohol, lithium 
chloride will be removed, while sodium and potassium chlorides remain behind 
as sparingly soluble residues. 

Winkler ® recommends the use of isobutyl alcohol instead of amyl alcohol on 
hygienic grounds and also for the reason that 10 c.c. of isobutyl alcohol dissolve 


^ F. A. Gooch, Proc, Amer. Acad., 22, 177, 1886; ATner, Chem. Joum,, 9, 33, 1887; 
Chem, News, 55, 18, 29, 40, 56, 78, 1887; E. Waller, ib,, 62, 173, 181, 1890; Jcntm. Amer, 
Chem, Soc., 12, 214, 1890; W. J. Schiefielin and W. R. Lamar, ib,, 24, 392, 1902; E. R. 
Caley, ib., 52, 2764, 1930; H. Yagoda, ib,, 54, 984, 1932; B. Feigenberg, Eine neue Tren- 
nungsmethode des Lithiums von anderen Alhalimetallen, Berlin, 1905; A. A. Anderson, Min. 
Eng, World, 36, 1055, 1912; W. W. Skinner and W. D. Collins, Bull, U.8, Dept, Agric. 
Chem,, 153, 1, 1912; E. Schurmann and W. Bohra, Chem, Ztg., 50, 709, 1926; 51, 677, 
698, 1927. 

* Rubidium and cesium chlorides are also practically insoluble in the same solvent — ^less 
than 0 0009 grm. is dissolved by 10 c.c. of hot amyl alcohol. 

* L. W. Winkler, Zeit, anal, Chem,, 52, 628, 1913; L. Moser and K. Sohuit, Monata., 
51, 53, 1929. The latter state that the mixed chlorides should be dried at 120*^-150^ and 
then extracted with isobutyl alcohol which has been dehydrated by repeated refluxing with 
barium oxide. 
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only 0*0005 grm. of other alkalies, weighed as sulphates. The correction (see 
page 604) is thus somewhat reduced. Other organic solvents have been 
advocated.^ 

The Separation. mixed chlorides — say, 0*2 grm.^ or less — are dissolved 

in water and filtered into a 50-80 c.c. Erlenmeyer’s flask. Evaj)orate the 



Fkj. 121. — Removal of Water from Amyl Alcohol. 

solution slowly on an asbestos pad over a small flame until the salts show signs 
of crystallising (1-2 c.c.). Add a couple of drops of water and a couple of drops 
of concentrated hydrochloric acid. Treat the concentrated solution of the 
mixed chlorides so obtained with 10-15 c.c. amyl alcohol (boiling-point, 129°- 
132°) in the Erlenrneyer’s flask (fig. 121), fitted with a cork through which 
passes a capillary tube dipping in the liquid, and also another tube con* 
nected to an aspirator. The free end of the capillary tube is then connected 
to a wash bottle charged with concentrated sulphuric acid. The flask is heated 
on an asbestos plate to the boiling-point while a current of air is slowly aspirated 
through the liquid. This prevents any violent bumping of the alcohol and 
facilitates the escape of water vapour through the upper layer of amyl alcohol. 
When the water and about half the amyl alcohol have boiled off, the chlorides 
of sodium and potassium and a little lithium hydroxide ® are deposited, while 
the lithium chloride remains in solution in the alcohol. Let the liquid cool; 
add two or three drops of concentrated hydrochloric acid in order to transform 
the lithium hydroxide into chloride. Heat the contents of the flask to the 


^ For a mixture of alcohol and ether, see S. Palkin, Journ. Aftier. Ghem. 80c., 38, 2326, 
1916; for acetone, M. H. Brown and J. H, Reedy, Jnd. Erig. Ghem. Anal. Ed., 2, 304, 1930; 
R. C. Wells and H. E. Stevens, if>., 6, 439, 1934; for diethylene dioxide (dioxane), A. Sinka, 
Zeit. anal. Ghem., 80, 430, 1930; for amyl alcohol and pyridine, J. Bardet, A. Tchakirian 
and E. Lagrange, Gompt. rend., 204, 443, 1937. 

* If more than this amount of the mixed chlorides bo present, concentrate the lithia by 
digesting the mixed chlorides with 25 c.c. of a mixture of equal volumes of anhydrous alcohol 
and ether for about an hour in a corked flask. The ether should have been distilled from 
quicklime, otherwise the concentration of the lithium is not effected. Some lithium hydroxide 
remains in the residue. Hydrochloric acid is usually added to retard the hydrolysis of the 
chloride. 

• Formed by the hydrolysis of the chloride. Lithium hydroxide is but sparingly soluble 
in amyl alooho!« 
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boiling-point and let the whole stand half a minute while aspirating a current 
of air through the fluid. Filter the hot liquid through a Gooch crucible 
packed with asbestos. The volume of the hot alcohol which has been in contact 
with the undissolved chlorides is measured. Wash the ])recipitate and flask 
with cold amyl alcohol, which has been boiled to remove moisture, until the 
filtrate shows no trace of lithia. When the amount of lithium chloride exceeds 
10-20 mgrms. it is advisable to redissolve the precipitate in a little water and 
repeat the treatment. Evaporate the filtrates and washings to dryness in an 
air bath at a temperature not exceeding 125''.^ Dissolve the residue in a little 
water acidulated with sulphuric acid. Filter off the organic residue. Collect 
the filtrate in a weighed ])latinuTn dish, evaporate or» a water bath and drive off 
the excess of sulphuric acid at a gentle heat, (klcine the lithium sulphate in 
the platinum dish to make sure all the carbon left by the amyl alcohol is burnt. 
The sulphate is fused one minute. When the dish is partly cooled, cover it 
with a watch-glass to return any fragments of lithium sulj)hate which may spit 
off as the cooling mass contracts. Cool in a desiccator and weigh; again heat 
the dish up to the fusion-point of the sulphate, cool as before and weigh. 
The weight is usually constant. Multiply the w’eight of lithium sulphate so 
obtained by 0*27178 to get the corresponding amount of LioO. 

Corrections. — A deduction must be made for the potassium and sodium 
chlorides dissolved by the boiling amyl alcohol in contact with the mixed 
chlorides. The potassium and sodium chlorides dissolved by the cold amyl 
alcohol used in the w^ashings are neglected. Subtract 0*()(K)r)() grin, from the 
weight of lithium sulphate for every 10 c.c. of amyl alcohol in the filtrate, 
exchmve of washings, if the lithium is being separated from sodium chloride, 
0*00059 grin, if the lithium is being separated from })otassium chloride 
and 0‘(X)109 grin, if the lithium is being separated from both sodium and 
potassium chlorides. 

Determination of the Sodium and. Potassium Chlorides . — Dissolve the mixed 
chlorides in the Gooch crucible in water, evaporate the solution to dryness in 
a weighed porcelain dish and weigh. Separate the two chlorides as indicated 
on page 224. If lithium and sodium are alone being treated, add 0-00041 grin, 
to the weight of the sodium chloride for every 10 c.c. of amyl alcohol used in 
the actual extraction, excluswe of washings, 0*00051 grm. to th(‘ potassium 
chloride, if potassium and lithium chlorides are being treated, and 0*00092 
grm. if the three chlorides — sodium, potassium and lithium are in question. 

Errors. — Duplicates with this process agree very w^ell. The chief errors 
arise from those incidental to Smith’s process (page 214), as well as (1) bumping 
when driving off the amyl alcohol; (2) filtering the amyl alcohol solutions hot; 
(3) neglect to evaporate the amyl alcohol in the dish at a temperature below 
the boiling-point of amyl alcohol; (4) foaming or spurting when driving off 
the sulphuric acid from the lithium sulphate; and (5) neglect to protect the 
dish when the lithium sulphate is cooling. A lithium determination by this 
process, starting from the dry silicate, occupies about two days.* 


^ The amyl alcohol rapidly evaporates at this temperature without loss of lithium by 
spattering. 

* For the determination of lithium as stearate, see E. R. Caley, Journ. Amer. Vhem. 8oc., 
52, 2754, 1930; as phosphate, B. Brauner, Coll. Czech. Ckem. Cornrn., 2, 442, 1930; as arsenate, 
T. Gaspar, Ann, Fis. Qvm.,30, 406, 1932; as chloride (indirect method), S. B. Averitt, Jmm. 
Ind. Eng. Chem., 9, 584, 1917. C. C. Miller and F. Traves (Jfmrn. Chew. 8or., 1395, 1936), 
after extraetion by amyl alcohol or acetone, precipitate the lithium as the triple acetate, 
LiZn(U0,)jr(CH8C00),.6H,0. 
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§ 295. The Evaluation of Potassium and Sodium Salts. 

Sodium Nitrate — Chili Saltpetre. 

Sodium uitrate or Chili saltpetre usually contains })etween 95 and 
98 ])er cent, sodium nitrate.^ The general impurities are potassium nitrate 
(up to 9 per cent, in extreme cases), ^ sodium chloride, sodium sulphate, sodium 
iodate,® sodium ])erchlorate,^ sodium carbonate (rare), magnesium sulphate 
(rare), calcium salts and insoluble matter. A common method of evaluating 
the salt is to determine the percentage moisture, sodium chloride, sodium 
sulphate and insoluble mat1<‘r. These are grouped together as the 
“ refra(ttion,” and the remainder is su])posed to be sodium nitrate. There are 
many objections to this [)rocess, more ])articularly if the salt is to be used in 
the manufacture of nitric acid. Thus ])otassium nitrate may be present 
and this would interfere with the calculated yield of acid from the nitrate. 
The only reliable procedure is to determine the amount of nitrate present in 
the sam])le ^ (r. infra). 

Determination of Moisture and Insoluble Matter.- For the determination of 
the moisture, heat 10 grins, of the nitrate in an air bath at 120'“130'’ until the 
weight is (‘onstant. This takes about two hours. The insoluble matter is 
determined by digesting 50 grins, of the salt in water and filtering the solution 
through a tared filter-paper or Gooch crucible, in the usual manner. 

Determination of Calcium, Magnesium and Iron : Chlorides and Sulphates . — 
Place 20 grins, of tin' samjile in a filter-paper resting in a funnel in the neck 
of a litre' flask. Pour boiling distilled water through the paper. When the 
solution is cold, make it up to the mark on the neck of the flask with cold 
distilled water. I’ipetO' 50 c.c. for the determination of chlorides gravi metri- 
cally (})age 746) or volunietric^ally (pages 65, 68). Another 50 c.c. are treated 
with barium chloride and the barium 8ul])hate determined in the usual manner 
(page 703). The lime is determined in 200 c.c. by precipitation as calcium 
oxalate (page 203) and the magnesia is determined in the filtrate from the 
calcium oxalate by precipitation as phosjihate (page 208). Iron can be 
determined colorirnetrically (page 185) or, if in appreciable quantity, by 
precipitation with aminonia, prior to the determination of calcium (page 164). 

Determination of Sodium Carbonate. — The presence of carbonates can be 
detected by the test given on page 623. If, and when, the amount of sodium 
carbonate is required, 200 c.c. of the solution, prepared as above, are titrated 
with O’lN-sulphuric or hydrochloric acid, using methyl orange as indicator.® 

^ R. Alberti and VV. Hemjxd, Zeit. angew. Chf'.nt., 5, 101, 1892. 

* G. Lnnge, Chem. Ind., 9, 209, 1886; H. Hagen, Chem. Ztg., 15, 1528, 1891; Zeit. 
angeiv. Chem., 6, 495, 698, 1893. 

* H. Beckiirta, Pharrn. Ceyitralhulle, 233, 1886. 

* H. Ik^ekurts, Archiv Pharm., 224 , 333, 1886; H. Fresenius and H. Bayerlein, Zeif. ana/. 
Chem,, 37, 601, 1898. For the determination of perchlorates in nitrates, see F. Winteler, 
Chem. Ztg., 21 , 75, 1897; G. Forster, iln, 22, 357, 1898; D. Tschernobeev, ib., 29, 442, 1905; 
A. Wogrinz and J. Kul>er, ib., 43, 21, 1919; H. Lemaitre, Mon. Sci., (4), 18, 263, 1904; 
Chem. Cemfr., (1), 1427, 1904; W. S. Hendrixson, Amer. Chem. Journ., 32, 242, 1904; A, 
Momiier, Arch. Sci.phys. nat., (4), 42, 210, 1916; K. A. Hofmann, F. Hartmann and U, Hoff- 
mann, Ber., 58B, 2748, 1925; F. L. Hahn, Zeit. angew. Chem., 39, 451, 1926; O. S. Fedorova, 
Journ. Buss. T*hys. Chem. Soc., 59, 265, 1927. 

® W. S. Allen, Eighth Inter. Cong. App. Chem.., i, 19, 1912; N. Busvold, Chem. Ztg., 
38, 799, 1914; E. 11. Allen, Journ. Ind. Eny. Chem., 7, 621, 1915; C, A, Butt, ib., 12 , 352, 1920. 

* Calcium, if present, will be precipitated by the sodium carbonate, thus reducing the 
amount of the latter, as reported from the titration. The total carbonates in the sample 
can be determined by the method given for whiting, page 58. 
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If the volume of acid used be v c.c., then the percentage of sodium carbonate 
in the sample is 0*53 y/4. 

Determination of Potassium. --Die. potassium is determined by dissolving 
half a gram of the salt in an Erlenmeyer’s flask in 25 c.c. of dilute hydrochloric 
acid. Filter, heat the solution to boiling and add just sufficient barium 
chloride, drop by drop, to precipitate the sulphates as barium sulphate. Wait 
after each addition until the supernatant liquid is clear, and add the barium 
chloride until a drop ceases to produce a cloudiness. Remove the excess of 
barium and any calcium which may be present by the procedure indicated on 
page 217. The potassium is determined in the final residue of alkali salts by 
the perchlorate process (page 224). See also page 608. ^ 

Determination of Nitrates . — Connect a round-bottomed flask of about 
1000 c.c. capacity through an efficient splash head with a reflux condenser 
(fig. 120), using rubber bungs ^ for all connections. Immerse the lower end 
of the condenser tube beneath the surface of 50 c.c. of 0*2N-sulphuric acid, con- 
tained in an Erlenmeyer’s flask. Pipette into the litre flask 25 c.c. of the stock 
nitrate solution, prepared from 20 grins, of the sam])le as indicated on page 605. 
Dilute with water to about 300 c.c., add 5 c.c. of alcohol, 2 grins, of Dovarda’s 
alloy ^ and 20 c.c. of a 25 per cent, solution of sodium hydroxide. Immediately 
connect the flask again to the splash head and stand for about an hour, during 
which time the greater bulk of the nitrate will have been reduced to ammonia. 
Then carefully heat the flask until the alloy has been completely decomposed 
and finally boil gently for about 30 minutes to expel all the ammonia. Before 
turning off the heat disconnect the condenser from the splash head. Raise 
the condenser out of contact with the acid liquid in the Erlenmeyer's flask and 
then well rinse the inside and end of the condenser, collecting the washings in 
the flask. Titrate the whole of the liquid in the flask with 0*2N-sodium 
hydroxide, using methyl orange as indicator. 

Calculation. — The difference between the volume of 0*2N-acid taken 
and the volume of 0-2N-alkali used in the back-titration gives the volume, v, 
of 0-2N-acid neutralised by the ammonia, produced on reduction of the nitrates 
in 0*5 grm. {i.e. 25 c.c. of the stock solution) of the sample, according to the 
equation : NaNOg + 4 H 2 = NaOH h- NHg + 2 H 2 O. Hence 200 v c.c. of 0*2N-acid 
will be needed to neutralise the ammonia obtained from 100 grms. of the 
sample. But this volume of acid will neutralise 200 v c.c. of 0-2N-ammonia, 
which, in turn, will be produced from 200 v c.c, of 0*2N-sodiuni nitrate solution 
or 200 «;x 0*017 = 3*4 v grms. of NaNOg. To report in terms of potassium 
nitrate multiply by 1*1894. 


Potassium Nitrate — Saltpetre, Nitre. 

The moisture is determined as in the case of sodium nitrate. Less than 
0*25 per cent, of moisture is usually present. For the chlorine, dissolve 
100 grms. of the salt in water, filter and wash with hot water. The solution 
is treated with silver nitrate and the chlorine determined by the turbidity 
method or gravimetrically. Less than 0*01 per cent, is usually present. The 
insoluble matter, sulphates, lime and magnesia are determined as in the case 
of sodium nitrate. The sodium is determined as indicated on page 235. 


^ Compare W. Vaubel, Zeit. offentl. Chem., 20 , 426, 1914; 21 , 1, 1915. 

* Or ground glass joints. 

* Aluminium, 45 per cent.; copper, 60 per cent.; zinc, 6 per cent. — A, Devarda, Chem. 
Ztg., 16 , 1952, 1892. 
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Potassium Carbonate — Pearl Ash, 

The moisture and insoluble matter are determined as just indicated for 
sodium nitrate. The available alkali is determined by titration as on page 57. 
The chlorides, sulphates, insoluble matter, silicates and phosphates are 
determined in the usual way. Iron is determined colori metrically. The 
total potassium is determined as indicated under sodium nitrate. The results 
are expressed by calculating the amount of potassium chloride from the silver 
chloride and the amount of potassium sulphate from the amount of barium 
sulphate. Then calculate the amount of potassium carbonate from the 
difference between the total potash and that corresponding with the potassium 
chloride and sulphate. Calculate the amount of sodium carbonate from the 
difference between the available alkali and the potassium carbonate calculated 
as indicated above. For a further discussion on sodium and potassium 
carbonates, see page GO. 

§ 296. The Determination of Potassium Colorimetrically — 
Cameron and Failyer’s Process. 

When potassium chloroplatinate is dissolved in water and mixed with an 
excess of a solution of potassium iodide, the intensity of the red colour so 
obtained is proportional to the amount of potassium chloroplatinate ^ in the 
solution. This reaction may therefore be used quantitatively for the deter- 
mination of very small quantities of potassium. Ammonium chloroplatinate 
produces a similar coloration and therefore all the reagents, also the atmo- 
sphere of the laboratory in which the determination is made, must be free 
from ammonia. 

Standard Solution , — Dilute 10 c.c. of standard potassium chloroplatinate 
solution 2 to about 30 c.c.; add a drop of hydrochloric acid (1:1) and 0-5 c.c. 
of potassium iodide solution.^ Let the mixture stand for about an hour to 
permit the colour to develop fully and then dilute to 100 c.c. The colour of 
the test solution is developed at the same time. 

Test Solution . — The potassium chloroplatinate is isolated as indicated on 
page 231.^ The salt is collected on the asbestos felt ^ of a Gooch crucible 
rather than on filter-paper, because of the difficulty in getting filter-paper 
quite free from ammonia. The dried precipitate of potassium chloroplatinate 
is dissolved in hot water by washing the crucible until about 25 c.c. of filtrate 
have been obtained. Cool the filtrate; add a drop of hydrochloric acid, and 
0*5 c.c. of potassium iodide solution. After the solution has stood for an 
hour, dilute to 100 c.c. The comparison is made in the usual way.® 


^ F. K. Cameron and G. H. Failyer, Joum. Amer. Chem, Soc., 25, 1063, 1903; L. A. Hall, 
ib,f 25, 990, 1903; T. T. Morrell, ib., 2, 146, 1880; O. Schreiner and G. H. Failyer, Bull, U,8. 
Dept. Agric. (Soils), 31, 31, 1906. 

* Stakdabu Potassium Chloroplatinate Solution. — Dissolve 0*0484 grm. of carefully 
recrystallised potassium chloroplatinate — ^K2PtCle — in water and dilute the solution to a litre. 
Each c.c. of this solution is equivalent to 0*00001 grm. of KjO. 

* Potassium Iodide Solution. — Dissolve 25 grms. of potassium iodide in water and make 
the solution up to 100 c.c. 

^ Special care must be taken to make sure all the ammonium salts are driven off during the 
ignition of the mixed chlorides. 

* The asbestos is washed (page 92), and ignited in a platinum dish to remove all 
traces of ammonia. Preserve the asbestos in alcohol in a well-stoppered bottle. 

* Whichever solutiou is the stronger, dilute it still more, or take an aliquot portion and 
dilate it to 100 0.0. 
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§ 297. Colorimetric Cobaltinitrite Process. 

In other and more modern methods, the j)otas,sium is preci])itated as 
cobaltinitrite (vsee § 298) and the amount of nitrite in the ])recipitate is deter- 
mined coloriinetrioally by the production of a dye through the interaction of 
the nitrous acid of the nitrite with suital)le organic reagents.^ The accuracy 
of these processes depends primarily on the constancy in composition of the 
preci pi tated coba 1 tin it ri te . 

§ 298. The Determination of Potassium — Cobaltinitrite 

Process. 

A solution of sodium cobaltinitrite, Na 30 o(N 02)6 - also called Koninck’s 
reagemt- precipitates canary-yellow potassium sodium col)altinitrite when 
added to a solution of a potassium salt.^ The c()rres])onding salts of lithium, 
magnesium, strontium, calcium, iron, aluminium and zinc arc soluble 
and hence potassium salts can l)e readily detected in the j)resence of these 
compounds. Caesium, rubidium and ammonium ^ salts, like ])otassium salts, 
give sparingly soluble cobaltinitrites. The reaction proceeds in the ])resence 
of chlorides, sulphates, nitrates, phosphates and acetates. Thii reaction is 
quantitative so far as the separation of potassium from sodium is concerned,^ 

^ E. Kiegler, Zeit. ana/. Vhnn.^ 36, .‘{77, 1897; M. von Wrangvll and H. Beutelsfmchor, 
i6., 90, 401, 1932; 8. N. Rozanov and V’. A. Kazarinova, //>., 96, 20, 19.34; .1. Tisclior, Jiiorhvm. 
Zeit,, 238, 148, 1931 ; K. A. Hcrzner, ih., 237, 129. 1931 ; F. Alten, 11. Woilaiid and H. Kiinnies, 
Zeit. Pflanz. Dang. Bodenk., 32A, 171, 19.33; J. Tiaher, ?V>., 33A, :{.*{.■), 19.34. See also E. M 
Emniert, Off. Agric. Chevi., 14, .573, 19.31; (). V. Prikhodko, Journ. App. 

Chem, {(■' .S.S.B.), 5, 99, 1932; F. L'berrnann, Klin. Worhsrhr., 3, J(>32, 1924; Hioehem. 
Zeit., 150, 548, 1924; .1. Tia<dier, MikrtH'hf m., //. Ato/i^eh Ff'st.*n'hrift, 418, I {130; (\ P. Sideris, 
InA. Bug. Chem. Anal. Kd.. 9, 145, 1937. For the colorimetric det(‘rminat ion of potassium 
as picrate, see K. R. Caley, Journ. Amer. Chefn. AV^r., 53, 53{), 1931 ; I. N. Antipov- Karataev 
and A. M. Myasnikova, Pror. Leningrad Dept. Inst. Pert., 17, HI, 19.33. Compare A. Bolligcr, 
Journ. Biol. Chem., 107, 229, 1934. 

* O. L. Erdmann, Journ. prakt. Chem., (1), 97, .*{85, 1860; Cl. P. SadMer, Amtr. J. Selenre, 

(2)» 49» 1870; L. L. de Koninck, Zeit. aval. Chem., 20, 3{K), 1881 ; E. Bjilmann, ib., 39, 

284, 1900; C. O. Curtmann, Ber., 14, 1951, 2121, 1881; G. Surr, Min. Kng. IPor/r/, 37, 288, 
1912. Potassium can be detected if but 00 parts are present p<T 1,0(X),000 parts of solution; 
if the test be made in the presenc^e of 0*01N-silver nitrate, the .sensitiveness of the test is in- 
creased to one part per million (L. 1.., Burgess and O. Kamm, Jemrn. Amer. Chem. Hoc., 34, 
652, 1912). Compare page 410. 

* Ammoniacal fumes must therefore be absent when the work is in progress. 

* F. R. van Leent, Zeit. anal. Chem., 40, 507, 1901; H. Weber, ib., 38, 171, 1899; W. 
Autenrieth and R. Bernheim, Zeit. physiol. Chem., 37, 29, 1902; W. Autenricth. CVa/r. Min., 
513, 1908; K. Gilbert, Dte Bestimniung des Kaliums nae^h quantitativcr Abscheidung desselhen 
als KnliumnatriumkolmUinitrit, Tiibirigen, 1898; H. R. Christensen and N. Feilberg, Landw. 
Versvchs.^iStat., 97, 27, 1921; A. J. Hamburger, Bufchem. Zeit., 71, 4J5, 1915; 74, 414, 1916;. 
T. D. Jarrell, Journ. Asstjc. Off. Agric. Chem., 1, 29, 1915; C. V. Garola and V. Braun, Ann. 
F alsif., 10, 572, 1917 ; R. C. Half and E. H. Schwartz, Ind. Eng. Chem., 9, 985, 1917 ; E. Sherrill, 
ib., 13, 227, 1921 ; P. .1. van RysselWge, ib.. Anal. Ed., 3, 3, 1931 ; W. E. Thrun, ib.. Anal. 
Ed., 5, 79, 1933; M. E. Pozzi-Escot, Bull. Sac. chirn. Belg., 32, 227, 1923; E. Clerfeyt, ib., 31, 417, 
1922; P. Wenger and C. Heman, Ann. Chim. afial., (2), 2, 198, 1920; M. Wikul, Zeit. anorg. 
Chem., 151, 338, 1926; M. A. Hamid, Analyst, 51, 450, 1926; M. Wikul, Zeit. anal. Chem., 
72, 346, 1927; A. VassBiev and N. Matveev, ib., 81, 106, 1930; A. Leulier, L. Velluz and 
H. Griffon, Bull. 8oc. chim. biol., lo, 891, 1928; A. Thtirmer, Chem. Ztg., 52, 974, 1928; J. H. 
Dennett, Malayan Agric. Joum., 17, 341, 1929; C. B. Maw and K. R. Miller, Proc, Utah 
Acad. Set., 8, 61, 1931; E. Remy, Arch. Pharm., 269, 678, 1931; S. Katakousinos and A. 
Papadimitriou, Zeit. Pflanz. Diing., 26A, 166, 1932; E. Rupp and A. Poggondorf, Apoth. Ztg., 
47, 282, 1932; A. H. Lewis and F. B. Marmoy, Jmm. Boc. Chem. Ind., 52, 177T, 1933; V.S. 
Oeol. Sur. Bull., 700, 214, 1919; K. Scheringa, Chem. WeM., 36, 598, 1933; K. L. Malyarov 
and V. B. Matzkevich, Zavadskaya Lab., 3, 705, 1934, For the use of silver cobaltinitrite, 
see R. J. Robinson and G. L. Putnam, Ind. Eng. Chem. Anal Ed., 8, 211, 1936; A. M, 
Ismail and H. F. Harwood, Analyst, 62, 443, 1937. 
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but the precipitate contains variable quantities of sodium unless the conditions 
under which the precipitation is made be fairly constant.^ The precipitate 
can then be made to apf)roximate closely to dipotassium sodium cobalti- 
nitrite, KgNaCo^NOgle • H20.^ 

It is maintained by some that the precipitation of potassium as cobalti- 
nitrite is not advisable l)ecau8e of the variable nature of the precipitate just 
indicated and because the ])recipitate is extremely difficult to wash clean. 
When first formed, the precipitate is granular and settles easily, but it has a 
tendency to become more or less colloidal as the washing liquids become poor 
in dissolved salts. The precijntate then filters slowly and is liable to run 
through the filtering medium. It has been found possible, however, to cope 
with these difficulties by evaporating the solution containing the precipitate 
to a pasty mass before filtration and washing. The evaporation also eliminates 
an error due to the variable character of precipitates formed in solutions of 
difTerent concentration and variations which occur when the precipitate is 
allowed to stand in contact with the mother liquid for different lengths of time. 
Under these conditions fairly satisfactory results have been obtained. 

The pre(fipitate need not be ignited and weighed, for it reacts with 
potassium permanganate as symbolised by the cornplicjated equation : 
10K2NaCo(N02)e. H2O + 22KMii()4 + 58H2S04-21K2S04-f 5Na2804 4- IOC0SO4 
+ 22MnS04 + 6()HN03 + SHHgO. Hence, the precipitate, and accordingly also 
potassium, can be determined by a volumetric process.® It follows from the 
equation that 22KMn04 are equivalent to 1 ()K.» 0 ; or 1 c.c. of 0‘IN-KMn04 
- 0*()()08563 grill. K2O. 

Preparation of the Sample. - One to five grams of the powdered mineral 
is decomposed by evaporation to dryness with a mixture of sulphuric and 


^ K. H. Adie and T. B. Wood, Journ. Chetn. aS'oc., 77 , 1076, 19(K); M. Cunningham and 
F. M. Perkin, 16 ., 95 , ]562, 1909; K. A. Hofmann and O. Burger, Ber., 40 , 3298, 1907; 
E. A. Mitscherlich, K. Celichowski and H. Fischer, iMndw. Vers. Stfit., 76 , 139, 1912; E. A. 
Mitscherlich and H. Fischer, f 6 ,, 78 , 75, 1912; A. Viirtheim, Bee. Trav. chim.y 40 , 593, 1921; 
L. lo Boucher, AtuiI. Fis. 540, 1925; O. M. Kosman, Journ. Applied Chem. {(J.S.S.R.)^ 

6 , 362, 1933; H. W. Lohsc, Ind. Eng. Chem. AnaJ. Ed.y 7 , 272, 1935. 

* S. D. Simawala and K. II. Krishnaewami {Journ. Indian Inst. Sci., 17 A, 105, 1934; 
A. Bouat, Ann. J^cole nxit. agr. Montpellier, 23 , 197, 1935) say that the salt may have 0-5, 
1 or 2 molecules of water of crystallisation depending on the conditions of precipitation. 

* R. H. Adie and T. B. Wood {l.c.)\ W. A. Drushel, Arner. J. Science, (4), 24 , 433, 1907; 
(4), 26 , 329, 555, 1908; Bull. U. 8 . Agric. Dept. {Chem.), 152 , 42, 1912; E. L. Baker, ib., 152 , 
28, 1912; P. F. Trowbridge, t 6 ., 152 , 184, 1912; L. T. Bowser, ib., 152 , 45, 1912; Journ. /nd. 
Eng. Chem., i, 791, 1909; O. M. Shedd, ib., i, 302, 1909; 2 , 379, 1910; R. C. Haff and E. H. 
Schwartz, i 6 ., 9 , 786, 1917; J, E. Schueler and R. P. Thomas, ib.. Anal. Ed., 5 , 163, 1933; 
E. A. Mitscherlich, K. Celichowski and H. Fischer, Landw. Vera. Slot., 76 , 139, 1912; L. 
Zaleski,i 6 ., 83 , 221, 1913; H. Fischer, t 6 ., 85 , 139, 1914; W. Selhe, t 6 ., 114 , 321, 1933; F. H. 
MaoDougall, Journ. Amer. Chem. Soc., 34 , 1684, 1912; B. Schmitz, Mitt. Lebensm. Hyg., 4 , 
272, 1913; L. L. Burgess and O. Kamm, Bull. Univ. lllinoia, 10 , 1913; Chem. ZerUr., ( 1 ), 
398, 1915; A. Vityn, Zhur. Apytn. Agron., 13 , 192, 1913; J. L. M. van der Horn van den 
Bos, Chem. Weekb., 10 , 182, 1913; L. Galimberti, Atti II Cong. Naz. Chim. pura appl., 1396, 
1926; Chem. ZerUr., (2), 589, 1928; P. N. Grigoriev and S. 8 . Korol, Journ. Chem. Ind. 
{Moacow), 8 , 68 , 1931; W, U. Behrens, Zeit. Pfianz. Diing. Bodenk., 24 A, 289, 1932; I. N. 
Antipov-Karataev and A. M. Myasnikova, Proc. Leningrad Dept. Inat. Fert., 17 , 69, 1933; 
L, Jendrassik and J. Sz61, Biochem. Zeit., 267 , 124, 1933; Chien Peng, Science {China), 17 , 
642, 1933; P. L. Hibbard and P. R. Stout, Journ. Assoc. Off. Agric. Chem., 16 , 137, 1933; 
V, 1. Tovamitzki and P. S. Sergeonko, Zhur. Sakhamoi Prom., 2 , 228, 1928; P. S. Sergeenko, 
Ukraine Chem. Journ., Sci., Pt. 6 , 113, 1930; B. Dirks and F. Scheffer, Das Superphoaphat, 
6 , 75, 1930; P. N. Grigor’ev, SprechaacU, 66 , 162, 1933; C, 8 . Piper, Journ. Soc. Chem. Ind,, 
33 , 392T, 1934; 0. Peng, Trana. Sci. Soc. China, 8 , 153, 1934; K. Suzuki and M. Kenjo, Rep. 
Gout. Sugar Expt. Sta., 2 , 46, 1936; J. Kimura and H. Chiba, Journ, Sci. Soil Manure, Japan, 
10 , 429, 1936; L. Jendrassik and A. Polgar, Zeit. anal. Chem., 107 , 417, 1937; L. V. Wilcox, 
Ind. Eng, Chem. Anal. Ed., 9 , 136, 1987. 
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hydrofluoric acids (page 219). The dry mass is extracted with about 50 c.c. 
of hot water and boiled with a saturated solution of sodium acetate ^ for 
10-15 minutes in a beaker of Jena glass. The precipitated basic acetates of 
iron, aluminium and titanium are filtered and washed a few times with hot 
w^ater. The filtrate is boiled with sodium carbonate. The precipitated 
magnesium and calcium salts are washed with hot water and the filtrate 
evaporated down to about 15 or 20 c.c. 

Precipitation of Potassium CobaUinitriie. — The solution prepared as just 
described, or by any other convenient process, is mixed in a porcelain basin 
with, say, 30 c.c.^ of Koninck’s reagent ^ and 1 c.c. of concentrated acetic 
acid,^ evaporated on a water bath down to a pasty consistence^ and, after 
cooling, stirred with 25-50 c.c. of water. The liquid is filtered through an 
asbestos-packed Gooch crucible and the precipitate washed with sufficient 
water to remove the excess of the reagent. 

Volumetric Determination of the Precipitated Cohaltinitrite. — Transfer the 
precipitate and felt to a 3(X) c.c. beaker and carefully remove any precipitate 
adhering to the sides of the crucible by means of a rubber- tipped rod and jet 
of water. An excess of 0*lN-KMnO4 is added and the contents of the beaker 
are boiled until the colour begins to darken. Add 10 c.c. of sulphuric acid 
(1 : 1),® thoroughly stir the mixture and titrate at about ()0°“70° with 0*1N- 
oxalic acid solution until the pink colour of the permanganate just disappears.’ 
The difierence between the number of c.c. of the OdN-permanganate added 
and the number of c.c. of oxalic acid used in the titration, multiplied by 
0*0008563 represents the number of grams of K 2 O in the given sample. Thus, 
with 0*5 grm. of a sample of felspar, 50 c.c. of 0*lN-perraanganate were added 
and 8 c.c. of 0*lN-oxalic acid were used in the subsequent titration of the 


^ The solution of 5 grms. of the crystalline salt in water should give no yellow precipitate 
with sodium cobaltini trite (Koninek’s reagent) after standing 24 hours. 

® A large excess of Koninck'a reagent is needed to ensure the coagulation of the precipitate 
and prevent its running through the asbestos. 

» Koninck’s Reagent.— Dissolve 30 grms. of cobalt nitrate, Co(N03)a.6H80, in 60 c.c. of 
water, add 100 c.c. of a saturated solution (corresponding to about 60 grms.) of sodium 
nitrite and 10 c.c. of glacial acetic acid. In a few seconds, a brisk effervescence occurs owing 
to the escape of nitric oxide, the colour of the solution simultaneously changing to a dark 
yellowish -brown. Since commercial sodium nitrite nearly always contains some potassium 
salt, some potassium cohaltinitrite usually separates when the mixture has stood. Kilter 
the solution after standing a couple of days. Cobalt nitrate may contain up to 0-3 per cent, 
of ammonium nitrate — C. S. Piptjr, Joum, 80 c. Che,m, Ind., 54, 157T, 1935. The reagent 
undergoes very little change in three to four weeks if it is kept in dark-coloured glass bottles. 
The sensitiveness of the reagent which has been kept some time can be tested by adding a 
few drops to 5 c.c. of distilled water containing one drop of a 10 per cent, solution of potassium 
chloride. The reagent can be used if it at once produces a yellow precipitate. The reagent 
which has decomposed and is accordingly useless for the purpose has lost its yellowish-brown 
colour and becomes rose-red — W. Autenrieth (lx,). Some prefer to keep the solutions of 
cobalt nitrate and sodium nitrite in separate bottles and mix the proper proportions for use 
as required. 

* The acetic acid prevents subsequent difficulties arising from the sticking of the pre- 
cipitate to the porcelain dish. If the difficulty still persists, add more acetic acid next time 
the analysis is made. 

® If the heat be here too vigorously applied, the viscid liquid is liable to spurt. 

• F. H. MacDougall (l.c.) says: “If the sulphuric acid be added to the yellow salt before 
the permanganate, the amount of permanganate required will be greater than in the regular 
method . . . owing to the failure of cobaltic cobalt to oxidise nitrites in sulphuric acid solu- 
tions under the conditions of the described method.’* 

’ If manganese hydroxide sticks to the sides of the beaker, add a slight excess of oxalic 
acid and loosen the precipitate by means of a rubber-tipssid rod. Remove the rod and rinse 
it, since rubber must not be left in contact with potapeum permanganate. Then titrate 
the excess of oxalic acid with 0*lN-pennanganate. 
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undecoinposed permanganate. Hence, (50 - 8) x 0‘0(K)8563 = 0*036 grm. of 
K 2 O per 0*5 grm. of sample; or the sample contained the equivalent of 7*2 per 
cent, of potash (KgO).^ 

Determination of the Potassium in the Cobaltinitrite as Potassium Chloro- 
platinate or Perchlorate. — According to Autenrieth,^ the method is most 
usefully employed as a rapid control process, and for separating the potassium 
from the other constituents prior to its exact determination as perchlorate 
or chloroplatinate. In this case, the precipitated cobaltinitrite is collected on 
a filter-paper and dried; the paper is ashed separately in a platinum crucible 
and the precipitate added ; the whole is then calcined to dull redness for a few 
minutes and the alkali nitrites extracted with hot water. Filter off the cobalt 
oxide, eva})orate the filtrate to dryness with concentrated hydrochloric acid 
(sp. gr. I- 124) and determine the jmtassium as indicated on page 224 or 
page 231 . 


^ After trying the effect of various salts on the results, Bowser (l.c.) said: “The greatest 
danger seems to exist in the case of MgCb, the iron and the soluble calcium salts. It is 
unsafe to trust a determination when any of these metals are present. A die and Wood advised 
precipitating out all these interfering metals by boiling with sodium carbonate, and this would 
seem to be the best procedure.” 8 ee A. Rauch (Ze.it. anal. Chem., 98 , 885, 1934) for the 
determination of the alkalies in the presence of magnesium. 

* W. Autenrieth, Centr. Min,., 513, 1908; A. 11. Bennett, Analyst, 41 , 165, 1916; H. L. 
Morris, ib., 48 , 250, 1923; W. Strecker and A. Jungck, Zeit. anal. Ckern., 63 , 161, 1923; 
C. Kriigel and A. Hetter, ib., 96 , 314, 1934; V. Orasu and V. Manole, Bui. Soc. Chim. Romania, 
15 , 129, 1933. With very small quantities of potassium, M. Dclaville and P. Carbier (Vompt. 
rend., 182 , 701, 1926) precipitate as cobaltinitrite and determine the cobalt in the precipitate 
with a-nitroso-/l-naphthol (page 420). K. Nowak (Przemysl Chern., 18 , 509, 1934) measures 
the volume of the precipitate in a graduated centrifuge tube. 
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CHAPTER XXXVIll. 


THE DETERMINATION OF CARBON-FREE AND 

COMBINED. 

§ 299. The Detection of Carbon. 

( 1 ) The Penfield Test } — An intimate mixture of the substance with pre- 
cipitated lead chromate is heated in a narrow horizontal hard glass test tube 
which has a small bulb blown in its underside near the open end. After 
charging the tube with the mixture, a drop of a saturated solution of barium 
hydroxide is placed in the bulb. The presence of carbon is shown, on heating, 
by the formation of a white film of barium carbonate on the surface of the 
barium hydroxide solution. Carbonaceous impurities in the lead chromate 
are removed by heating it in the tube in a current of oxygen immediately 
before use. The test will detect 0-003 mgrm. of carbon. 

(2) Muller\^ Test } — A mixture of about 0-02 grin, of the substance with 
about twenty times its weight of potassium azide, KN 3 , is cautiously heated, 
at first gently and then for two minutes at a red heat. If carbon is present, 
potassium cyanide is formed, which can be recognised liy conversion into 
Prussian blue. The addition of a little metallic potassium to the reaction 
mixture renders the teat more delicate. 

§ 300. The Direct Determination of Carbon. 

A rough idea of the amount of carbon in clays and graphites can often be 
obtained by digesting the clay with sulphuric and hydrofluoric acids. The 
temperature must not be high enough to cause reaction between the carbon 
and the sulphuric acid. A slight action can scarcely be avoided. When the 
acid has done its work dilute the solution with water, filter through a Munroe’s 
crucible or a tared filter-paper, wash ^ and weigh the dried residue. In view 
of the many theoretical objections which can be urged against this process, it is 
surprising how good an approximation can be obtained with a little practice.^ 

Graphitic carbon in the presence of other varieties of organic matter 
{e.g. vegetation) which cannot be removed mechanically is determined by 
Mackintosh ® by the following process, which is based on Schoffel’s method for 


^ W. O. Mixter and P. L. Haigh, Journ, Amer. Chem. 80 c., 39 , 374, 1917. 

* E. Mailer, Joum, prakt. Chem,, (2), 95 , 53, 1917. For tic microchernical detection of 
carbon, see F. Emich, Zeit. anal, Chem., 56 , 1 , 1917. 

® Not through asbestos owing to the attack by the acids, unless the acids are neutralised 
before the filtration. 

* For filtration with carbon tubes, see fig. 32, page 90; and subsequent combustion of 
the residue, see page 631. 0. Johannsen, 8 tahl. Eisen, 30 , 456, 1910. 

® J. B. Macintosh, Chem, News, 51 , 147, 1886; R. SohOffel, Jahrb. geol. Reichsnnstalt, 
Id, 270, 1866. 
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purifying graphite: — Melt some potash in a silver crucible. When the fused 
mass has stopped spitting and is in a state of quiet fusion, add the dry and 
powdered sample under investigation. Keep the temperature of the mass just 
above the melting-point of the potash and stir occasionally with a silver wire. 
Kaise the temperature a little towards the end of the fusion. When the decom- 
position is complete, take up the mass with water, filter through a weighed 
Gooch crucible, wash with dilute hydrochloric acid and finally with a little 
ammonia in order to dissolve any silver chloride resulting indirectly from 
interaction between the potash and the silver crucible. The graphite remains 
behind, insoluble; it is scarcely attacked by the treatment. Dry and weigh. 
Mackintosh says the whole operation occupies about two hours. 

Lbwe^ fuses the sample with sodium carbonate, digests the resulting cake 
with water and boils the residue with a solution of sodium hydroxide. The 
residue is then boiled with hydrochloric acid, washed with water, dried in a 
weighed filter and its weight determined. Silica, etc., can be determined in 
tlie aqueous solution from the fused cake. There is always some doubt in both 
Lowe’s and Mackintosh’s ])rocesses if the residue is all carbon, and in con- 
sequen(‘.e processes have been devised to burn the carbonaceous residue and 
estimate the amount of carbon it contains either by ‘‘loss on ignition” or as 
carbon dioxide. 


§ 301. The Wet Combustion Process for the Determination of 
Carbon as Carbon Dioxide. 

In the so-called wet combustion process, the finely powdered sample is 
digested with a mixture of sulphuric acid and chromic acid, or potassium 
dichromate, or potassium permanganate, or with potassium persulphate alone. ^ 


^ J. Lowe, ])ingUr's Jonrn., 137 , 445, 188.5; E. Weinschenk, Zeil. Krysf., 28 , .300, 1897. 
* K. Warington and AV. A. Peake, Journ. Chem. Sttc., 37 , 617, 1880; C. F. (iJross and 
A. F. Higgin, ih., 41 , 1 13, 1882; C. F. Cross and E. J. Bevan, / 6 ., 53 , 889, 1888; A. H. Elliott, 
22 , 182, 1869; 1. K. Phelps, CAcw., 12 , 431, 1896; 16 , 8.5, 1898; R. Finkener, 

Mitt, icanigl. Ver. AnMalt, Berlin, 1.56, 1889; Zeit. anal. Chem., 29 , 666 , 1890; H. Engtd, 16 ., 
85 , 242, 1931; 96 , 319, 1934; R. E. and W. B. Rogers, Amer. J. Science, (2), 5 , 352, 1848; 
(2), 6 , 110, 1848; C. Brunner, Fogg. Arm., 95 , 379, 1855; E. Ullgren, Liebig's Ann., 124 , 
59, 1862; P. Fritsch, ib., 294 , 79, 1896; H. Heidenhain, Techniker, 14 , 66 , 1893; L. Gmelin, 
Oester. Zeit. Berg. Ililit., 32 , 708, 1884; H. von Jiiptner, ib., 31 , 493, 1883; 34 , 67, 83, 1886; 
F. A. Cairns, Chem. News, 25 , 271, 1872; Arner. Chem., 2 , 140, 1872; F. H. Thies, Vhe.m. Zig., 
38 , 115, 1914; P. L. Hibbard, Jaurn. hid. Eng. Chem., ii, 941, 1919; J. E. Adams, ib.. 
Anal. Ed., 6 , 277, 1934; C. B. Pollard and W. T. Forsee, ib., 7 , 77, 1935; A. Franz and 
H. Lutze, Ber., 57 B, 768, 1924; H. Dieteric, Arch. Pharm., 262 , .35, 1924; M. Nicloux, 
Compt. rend., 184 , 890, 1927; 189 , 768, 1929; B. Lustig, Bioche.m. Zeit., 184 , 67, 1927; 
A. Boivin, Bvll. Soc. chim. biol., 11 , 1269, 1929; A. F. Heck, Soil Sri., 28 , 225, 1929; E, 
Schadendorff and M. K. Zacherl, Mikrochem., lo, 99, 1931: H. Lieb and H. O. Kraineck, 
ih. , 9 , 367, 1931 ; N. J. King, Chem. Eng. Min. Her., 24 , 429, 1932; VV. Knop, Land. Versuchs. 
SUtt., 8 , 40, 1866; D. Florentin, BvU. Soc. chim., (4), 35 , 228, 1924; Chim. Ind., ii, 875, 
1924; U. Springer, Zeit. Pflanz. Diing., iiA, 313, 1928; 12 A, 309, 1928; J. M. Robertson 
and J. M. Sbewan, Journ. Soc. Chem. Jnd., 54 , 3.5T, 1935. Errors — C. F. Cross and E. J. 
Bevan, Chem. Ztg., 36 , 1226, 1912; F. Ehrenberg, C. Diebel and H. Verkenstedt, Zeit. artal, 
Chem., 52 , 408, 1913; H. Arnold, ib., 53 , 678, 1914; R. toenz, Zeit. angew. Chem., 6 , 313, 
395, 411, 635, 1893; L. L. de Koninck, ih., 6 , 536, 1893; A. J^debur, Verh. V ereAn. Beford. 
Qewerbfi., %, 280, 1893; C. von Gottig, ib., 8 , 321, 1893; W. Hempel, ib., 8 , 460, 1893; Report, 
in StaM. Eisen, 14 , 581, 1894; G. Lunge and A. Lwoff, ib., 14 , 624, 1894; Gerstner, ib., 
14 , 689, 1894; H. Koch, Chem, Ztg., 18 , 485, 1894; J. A. Wanklyn and W. J. Cooper, Phil. 
Mag., (5), 7 , 138, 1879; J. Messinger, Ber., 21 , 2910, 1888; 23 , 2756, 1890; E. Ludwig, 
Liebig '' 8 Ann., 162 , 47, 1872; W. L. Morrison, Pimndry, 43 , 151, 1916; F. K. Cameron and 
J. F. Breaze^e, Journ. Amer. Chem. 80 c,, 26 , 29, 1904; A. B. Hall, N. H. J. Miller and 
N. Marmu, Journ. Chem. 80 c., 89 , 596, 1906; P. W, Robertson, ib., 109 , 216, 1916; J. W, 
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The oxygen evolved during the decomposition of the oxidiser converts the 
carbon to carbon dioxide. The gases are dried and the carbon dioxide is 
absorbed as indicated below. These methods appear very simple; so they are. 
But it is not easy to get good results, mainly because of the incomplete com- 
bustion of the carbon. It is therefore well to practise the method with a known 
weight of cane sugar mixed with, say, china clay known to contain no carbon. 
One gram of cane sugar gives 1*543 grins, of carbon dioxide. In this way 
confidence in the process may ])e acquired. Details of the procedure are 
indicated below. The results are usually a little low. 

1 . The Apparattis . — The clay under investigation is contained in a Corleis’ 
flask, ^ A (fig. 122), which is provided with a side and an exit tube, the latter 



Fig. 122. — Wet Combustion of Carbon. 


being connected to the absorption train. The flask is closed by a condenser, R, 
with a ground glass joint. The side tube reaches almost to the bottom of the 
flask and, in modern forms, is bent to intercept drops from the condenser so 
that they run quietly into the hot acid in A. The upper limb of the side tube 
terminates in a thistle funnel, b, which is closed by a ground glass plug stop- 


Ames and E. W. Gaither, Journ. Jnd. Eng. Chem., 6 , 561, 1914; 7 , 561, 1915; C. J. Schollen- 
berger, * 6 ., 8 , 1126, 1916; D. D. Waynick, ib,, ii, 634, 1919; B. E. Brown, * 6 ., 19 , 629, 1927; 
W. Stepp, Biochem. ZeiL, 87 , 135, 1918; L. J. Simon, Compt. rend., 174 , 1706, 1922; 175 , 
1070, 1922; 176 , 1409, 1923; 177 , 122, 265, 1923; L. A. Congdon, F. J. Brown and R. K. 
Friedel, Chem. News, 129 , 253, 1924; T- Friedcmann and A. I. Kendall, Journ. Biol. 
Chem., 82 , 45, 1929; V. Michl, Casopis Ceskoslov Leh., 12 , 57, 1932; Chem. Zentr., ( 2 ), 327, 
1932; J. W. White and F. J. Holben, Ind. Eng. Chem., 17 , 83, 1925; Journ. Assoc. Off. 
Agnc. Chem., 17 , 334, 1934; B. E. Dixon, Analyst, 59 , 739, 1934; L. J. Simon ond A. J. A. 
Guillaumin, Compt. rend., 176 , 1065, 1923; E. Wolff, Anleitung zur chemischen Untersuchung 
landmrthschaftlich wichtiger Etoffe, Stuttgart, 1867. 

* A. Corleis, StaJU Eisen, 14 , 582, 584, 1894; A. Kleine, Chem. Zig., 33 , 376, 1909. More 
than a score of different forms of flask have been devised for this purpose. A substitute 
can readily be improvised from an ordinary flask and condenser. See footnote 2, page 618. 
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cock, c. The acid for subsequent interaction with the clay is stored in this 
funnel. A supplementary side limb, below the plug stopcock, is connected with 
a Fresenius’ tower C containing an aqueous solution of caustic potash in the 
lower part and soda lime in the upper part. The object of the tower C is 
to remove carbon dioxide from any air subsequently aspirated through the 
system.^ The purpose of the condenser is to return steam arising from the 
flask during an experiment, and so prevent the entry of an excess of moisture 
into the absorption tubes. The gases travelling past the condenser traverse 
a White’s ^ absorption tube D containing an acid solution of silver sulphate ® 
to absorb chlorine and vapours of sulphur compounds. The gases then pass 
through a capillary tube E of silica ^ or platinum, heated to a dull redness 
by means of the Bunsen burner F. The object of this tube is to oxidise 
any hydrocarbons or carbon monoxide which may have escaped complete 
oxidation by the chromic acid in the Corleis’ flask. ^ The gases are then dried 
by passing through a Muller’s absorption tube G. This tube contains con- 
centrated sulphuric acid. The tube G must follow the hot capillary tube E, 
since sulphuric acid is liable to absorb gaseous hydrocarbons. Any carbon 
dioxide in the gas is then absorbed by the weighed potash bulb ® H, which 
has a calcium chloride tube 7 attached. A Drechsers wash-bottle,^ containing 


^ For the difficulties involved in removing the last traces of carbon dioxide from air, see 
C. W. Eliot and F. H. Storer, Proc. Amer. Acad,, 5, 62, 1861; Chem. News, 3, 178, 1861; 
R. E. and W. B. Rogers, /.c, ; C. Brunner, Pogg. Ann., 24, .571, 1832; H. Hlasiwetz, Wiener 
Akad. Ber., 20, 189, 1856; R, Fresenius, Zeit. anal. Chem., 4, 177, 1865; A. Friedrich, Zeit. 
angew. Chem., 36, 481, 1923, 

* J. T. White, Chem. AV?e.v, 58, 166, 1888. Mitscherlich’s tube (A. Mitscherlich, Zeit. anal. 
Chem., 15, 389, 1876) or various other forms of absorption tube may be used and also other 
types of flask. Thus, a distillation flask with a three-hole rubber stopper fitted with a 
tap funnel, a reflux condenser and a gas leading tube dipping to the bottom of the flask, 
and connected, when required, with a suitable absorption apparatus for removing carbon 
dioxide. L, L. de Koninck {Zeit. anal. Chem., 27, 463, 1888) suggests adding the silver 
sulphate to the contents of the flask A ; but although diluted sulphuric acid (2 acid, 1 water) 
does not appear to act on silver chloride (J. V'olhard, ib., 18, 281, 1879), concentrated sulphuric 
acid decomposes silver chloride with the evolution of hydrogen chloride (A. Sauer, ib., 12, 
176, 1873; L. Blum, ib., 28, 450, 1889). Hence de Koninck’s proposal will not work; 
nevertheless the addition of silver chromate is often advocated. A. Wolkowicz [Zeif. angew. 
Chem., 7, 165, 1894) recommends the addition of an excess of a 20 per cent, solution of copper 
sulphate to prevent the evolution of hydrogen sulphide from soluble sulphides. 

® Sjlvkr Sulphate Solution. — Dissolve 0*624 grm. of silver sulphate in water, add 
5 c.c. of normal sulphuric acid and make the solution up to 1(K) c.c. The solution is 
A tube containing warm lead dioxide, is sometimes used to absorb sulphurous gases and 
halogens. If the lead dioxide be free from lead monoxide, as is the case with “ Dennstedt’s 
lead dioxide,” there is no danger of the absorption of carbon dioxide. M. Dennstedt and 
F. Hassler, Zeit. anal. Chem., 42, 417, 1903; M. Dennstedt, ib., 41, 525, 1902; F. Kopfer, 
ib., 17, 28, 1878; C. M. Warren, Amer. J. Science, (2), 41, 40, 186^ Sometimes a heated 
tube containing silver gauze or wire is used — F. Kopfer, Zeit. anal. Chem., 17, 28, 1878. The 
silver is restored by heating in a current of hydrogen — K. Kraut, ib., 2, 242, 1863. Antimony 
is sometimes recommended for removing chlorine. A copper spiral was used by C. Glaser, 
Liebig's Ann. Snppl., 7, 213, 1870; G. St&dler, Liebig's Ann., 69, 334, 1849. For fluorine, 
see H. Moissan, Compt. rend., 107, 992, 1888; A. Volcker, Chern. Oaz., 7, 245, 1849. 

* M. Widemann, Chem. Ztg., 33, 1186, 1909. 

® C. F. Mabery, Joum. Amer. Chem. Soc., 20, 510, 1898; G. Auchy, ib., 20, 243, 1898; 
J. Widmar, Zeit. anal. Chem., 29, 160, 1890; Chem. News, 62, 274, 1890; J. W. Langley, tb., 
62, 218, 1890; Trans. Amer. Inst. Min. Eng., 19, 614, 1890; A. von Reis, Stahl Eisem., 14, 
581, 1894; J. J. Messinger, Ber., 21, 2910, 1888; A. Muller, Chem,. Ztg., 28, 795, 1904. 

* We prefer Berl’s or Landsiedl’s form of potash bulb for the reasons indicated on page 622. 
N. J. King (Chem. Eng. Min. Rev., 24, 429, 1932) prefers a solid absorbent, such as “asoarite,” 
for the carbon dioxide, rather than aqueous solutions; “sofnolite” is also frequently used, 
See also footnote 2, page 619. The carbon dioxide can also be absorbed in a standard 
solution of potash or baryta, with subsequent back-titration. 

’ E. Drechsel, ZeU. anal. Chem., 15, 446, 1876. 
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potash, protects the weighed potash bulb from atmospheric carbon dioxide. 
The open end of the train J is connected later on with an aspirator or suction 
apparatus in order that a current of air may be drawn through the system 
when required. The whole may be mounted on a wooden stand or on a 
Muller’s retort stand as shown in the diagram. The condenser is connected 
with the tubes in the upper part of the stand by means of rubber tubing. 
The lower tubes of the stand are respectively connected with the water supply 
and the sink. 

2. Charging the Absorption Bulbs . — The Berl’s or Landsiedl’s potash bulb 
(figs. 123 and 124) is kept in a desiccator over sulphuric acid or calcium 



Fuj. 12 , 3 . — BctI’s Potash Bulh.s. Fio. 124 . — Landsifdrs Potash Bulbs. 

chloride and it should stand in the balance case about an hour before each 
weighing. This apparatus is filled with an aqueous solution of caustic potash.^ 
Place the potash solution in an evaporating basin; remove the guard tube B\ 
attach a piece of rubber tubing, or a suction tube, to the end which was attached 
to the guard tube; dip the opposite end in the potash solution and suck at the 
rubber tube until the bulbs are nearly three-fourths full. Do not suck too 
vigorously or potash may be drawn into the mouth. Clean that part of the 
apparatus C which dipped in the solution by means of filter-paper. Now fill 
the guard tube B by placing a plug of glass-wool at the end of the tube; then 
a layer of fragments of granular (not fused) calcium chloride, less than half 
a centimetre in diameter and sifted fre(‘ from dust; then a similar layer of 
fragments of soda lime; ^ and finally another plug of glass-wool.^ The joint A 

^ PoTASSiiTM Hydroxide Solution, — A solution of sp<*cific gravity 1*4 is made by dis- 
solving 2 parts of the solid in .3 parts of water by weight. Caustic potash is better than 
caustic soda, since sodium bicarbonate is less soluble than the corresponding potassium salt. 
The latter is therefore less likely to block the tubes by crystallising out. If the potash 
should contain any nitrites high results may be obtained, owing to the formation of nitrates 
— S. C. Jutsum, Chem.. News, 41 , 17, 1880. For the relative efficiency of the different absorp- 
tion media, see R. Fresenius, Zeit. anal. Chem., 5 , 87, 1866; ,1. Lowe, ib., 9 , 220, 1870. 

* Soda lime loses moisture in air dried by calcium chloride or concentrated sulphuric acid. 
Hence some prefer bits of potash in place of the soda lime, but I. Guarcschi {Supp. Ann. 
alV Enciclopedia di Chimica, 1916) shows that soda lime, prepared from calcium oxide and a 
solution of sodium hydroxide, is a better absorbent than solid potash for carbon dioxide. 
Soda lime is also a good absorbent for chlorine, bromine, hydrogen chloride, hydrogen 
bromide, nitrogen jieroxide and carbonyl dichloride. Much heat is evolved when hydrogen 
sulphide is absorbed. 

® If the soda lime tubes be packed too tightly, the expaiision which occurs as the solid 
becomes moist may burst the tubes. It is' best to interpose layers of glass-wool between the 
fragments of soda lime. Calcium chloride may contain basic chlorides or free lime, which 
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is slightly greased. The potash apparatus will absorb about 0*2 grm. of 
carbon dioxide without re-filliug. The contents of the potash apparatus are 
protected, when not in use, by glass caps ground on the free ends, or by 
short pieces of rubber tubing- -2 cm. long — with one end closed by a plug of 
glass rod about 1*5 cm. long, and rounded at both ends. Before a weighing is 
made the apparatus is wiped with a clean, lint-free cloth and the caps are 
removed; after weighing they are immediately replaced. The total weight of 
a charged Landsiedl’s potash bulb is about 60 grins. 

The lower part of the Freseiiius’ tower C is filled to a depth of about 2 cm. 
with potash lye (sp. gr. 1*4). A plug of glass-wool is placed in the constricted 
part and fragments of dust-free soda lime, rather coarser than those used for 
the tube B, are placed in the upper part. When not in use, the ends of 
the absorption tubes should be plugged with rubber tubing and glass rods 
to shut off the air. The stoppers of C and G render plugs unnecessary. 

3. Charging the Combustion Flash, — Transfer, say, 1 grm. of the chay,’ 
finely powdered and dry (llCr), to the Corleis' flask and add from 5-10 grms. 
of coarsely granular dry potassium dichromate. ^ If the clay be rich in organic 
matter less clay may be taken and the clay is often advantageously mixed 
with about 10 grms. of dry calcined sand — say Calais sand. Add about 10 c.c. 
of water ® and shake up the mixture, taking care that none of the powder is 
left stranded above the level of the liquid in the flask. C'onnect the apparatus 
as shown in the diagram (fig. 122), and aspirate air throughout the flask and 
train of absorption tubes for about 10 minutes. Weigh the potash apparatus 
and place it in the ])osition shown in fig. 122. 

4. The Oxidation . — Close the stopcock c, light the Bunsen burner F. Pour 
concentrated sulphuric acid^ into the bulb b and allow the acid to run very 
slowly into the flask. If no vigorous action ocemrs, raise the temperature 
of the flask very slowly.^ The bubbles of gas should not at any time pass 
so rapidly that they cannot be easily counted. If the velocity of the reaction 
be too rapid, the gases may pass through the potash bulbs without being 
washed free from carbon dioxide and the calcium chloride tube may not absorb 
the moisture driven from the potash bulbs. The bulb b should be emptied 
before the flask is warmed, so that the stopcock can be quickly opened in case 
a sudden pressure be generated in the flask. If the flask should burst and 
hot concentrated sulphuric acid be sprayed about the operator, the conse- 


absorb carbon dioxide and lead to incorrect results if such be placed in tubes before the 
potash apparatus. The faulty calcium chloride will react alkaline to litmus. To render the 
contamination inert, it is usual to pass a stream of dry carbon dioxide through the calcium 
chloride for a couple of hours, and remove the carbon dioxide by passing a current of dry 
air over the calcium chloride for half an hour. C. Winkler {Zeit. anal, Chem,, 2i, 545, 1882) 
denies the efficacy of the treatment. He maintains that the lime in the chlorides cannot be 
completely saturated with carbon dioxide, .since the inside of the granules remains caustic after 
the treatment. In any circumstances the error mentioned by Winkler is very small, and 
in the present case this difficulty does not enter into the problem. 

^ The amount of clay to be taken depends on the amount of carbon it contains. The 
present sample was a black Devonshire ball clay. 

* Since potassium dichromate is difficult to obtain free from carbon dioxide, W. Stepp 
{Biochem. Zeit., 87, 135, 1918) prefers to use chromic acid. 

* IjOvt results are obtained unless the relative amount of water is small — J. W. Ames 
and E. W. Gaither, Journ. Ind. Eng. Chem., 6, 561, 1914; T. E. Friedemann and A. I. Kendall, 
Joum. Biol. Chem., 82, 45, 1929. 

^ W. Stepp (Z.c.) frees the sulphuric acid from carbonaceous impurities by first heating it 
with diohromate and then with permanganate. About 50 c.c. of sulphuric acid (sp. gr. 1-84) 
are needed. 

® The dichromate may be dissolved in the sulphuric acid before it is mixed with the clay, 
as recommended by F. K. Cameron and J. F. Breazeale (Joum, Amer. Chen, Boc,, 26, 29, 1904). 
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quencee would be serious ! With a Corleis' flask, the condenser tube or the 
plug stopcock will be lifted if the pressure becomes very great.^ A wire gauze 
between the gas and the Corleis* flask is preferable to a sand bath or to an 
asbestos or silica plate, because the temperature of the flask is then under 
better control. When all the carbon is oxidised, a current of air is aspirated 
through the system for about 10 minutes. 

5. The Weighings, — 1 grm. of clay was treated as just described and the 
readings obtained were as follows: — 

Weight of potash bulbs (after) . . 78*7221 grins. 

Weight of potash bulbs (before) .... 78*5637 grins. 

Carbon dioxide absorbed .... 0*1584 grm. 

Every 44 grms. of carbon dioxide are equivalent to 12 grms. of carbon; hence, 
0*1584 grin, of carbon dioxide is equivalent to 0*0432 grm. of carbon per 
1 grin, of clay; or the sample has 4*32 per cent, of carbon. It will be observed 
that an experimental error of 1 jier cent, only makes about 0*3 per cent, 
difference in the determination of the carbon.^ The agreement in a mimber of 
duplicates does not prove that the results are accurate. As indicated on page 151, 
such an agreement shows nothing more than that the method of analysis 
used will give consistent results when conducted in a uniform way. Suppose a 
constant percentage of carbon escaped decomposition, the duplicates would be 
consistently too low. In order to make reasonably sure that a result is accurate 
it is necessary to show that a similar result is obtained by several different 
methods. The time involved is out of question in commercial work; but it is 
necessary in establishing the accuracy of a method of measurement when it is 
not possible to operate with mixtures of known composition.^ 

As stated above, there is no special reason why the particular form of 
apparatus here recommended should be adopted. Once the principle is 
mastered, there will be no difficulty in devising innumerable modifications. 
Fresenius, for instance, used only U-tubes and flasks connected by rubber and 
glass tubing, but he needed nine U-tubcs and tw o flasks ! By means of more 
efficient absorbing apparatus, it is now possible to make the apparatus more 
compact and to lessen the labour of fitting up the apparatus. The time-factor 
here again presses upon us. A neat and compact apparatus frequently costs 
more than a home-made apparatus, but in routine work the neat and compact 
apparatus frequently saves time and renders it less easy to make mistakes. 

§ 302. The Errors in Analyses involving the Weighing 
of Absorption Tubes. 

It requires some practice to get constant results. In addition to the 
precautions already mentioned, it may be useful to point out a few more 
sources of danger.* 

1. The air leaving the weighed potash bulbs should have the same state of 
humidity as the air which enters ; otherwise, a loss or gain of moisture might 

^ An explosion might occur if boiling sulphuric aeid struck the condenser and caused it 
to crack. At any rate, a stream of cold water from the cracked condenser descending into 
the boiling sulphuric acid would make things unpleasant ! Hence the acid should boil with- 
out bumping. 

* For conversion table COj to C, see H. Loomis, Joum. Ind. Eng. Chem., 8, 637, 1916. 

* Bee the cane sugar and china clay experiment, page 617* Dittrich's experiments, page 
243 . B. Blount and A. G. Levy, Ajudgst, 34, 94, 1^9; A. G. Levy, t6., 37, 392, 1912; 
H. Islam, Jmm. Ind. Eng. Chem., 3, 577, 1911; H, Brearley, Chem. News^ 84, 23, 1901. 

^ G. Auchy, Joum. Amer. Chem. Soc.^ 20 , 528, 1898; H. Heidenhain, ib., x8y 1. 1896. 
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ensue. A second weighed absorption tube containing, say, concentrated 
sulphuric acid can be placed after the potash bulb to prove that no moisture 
escaped absorption in the absorption tubes during an experiment. A temoin 
(witness) tube in the form of a duplicate potash bulb may follow the one used 
for the absorption. The object of this vessel is to make sure that all the carbon 
dioxide passing through the system is absorbed in the first potash bulbs. If 
the gas from the clay has a tendency to come off in sudden rushes, this second 
bulb is a necessary adjunct to the train (fig. 122). 

2. The volume of the weighed bulbs is often great enough to render 
necessary the corrections mentioned on page 15 for differences in the buoyancy 
of air due to variations of temperature and pressure during an experiment. 

3. There is a difficulty in weighing the potash apparatus on account of the 
difference in the amounts of moisture and gases condensed on the surface of the 
glass before and after a combustion. This is particularly noticeable in damp 
atmospheres, when the effect may be great enough to vitiate an analysis. 
The glass is exposed to variations in humidity due to the proximity of the 
absorption apparatus to the sources of heat; to heat generated by the 
absorption of carbon dioxide by the potash ; to handling with moist or greasy 
fingers. The apparatus is usually wiped ^ with a clean, soft linen or silk 
cloth so that the glass does not come in contact with the fingers and then 
allowed to stand in the balance case half an hour before weighing. If the 
apparatus on re- wiping has the same weight as before, the result is supposed to 
be right. The simpler types of potash apparatus with a small surface lend 
themselves more readily to this treatment than the Geissler’s and Liebig’s 
potash bulbs once regularly used in organic analysis. These tubes are too 
complex to permit a thorough wiping. Regnault and Stas used a tare in the 
form of an empty potash bulb of similar shape and volume to the one in use, 
and placed on the weights ” side of the balance during the weighings.^ These 
remarks also apply to the determination of moisture by absorption in weighed 
U-tubes. 

Although many different forms of absorption tube are available, our choice 
is thus limited by the above considerations. Hence, absorption bulbs of the 
type of Schiff’s, Arnold’s, Gomberg’s, Landsiedl’s, Carrasco’s, Anderson’s, 
Delisle’s, Wetzel’s, Classen’s, Berl’s^ Bender and Hobein’s, are preferred to the 
time-honoured bulbs of Liebig, Mitscherlich, Koninck, Schloesing and Geissler.® 
Berl’s (fig. 123) and Landsiedl’s (fig. 124) bulbs are used in this work. There is 
a disadvantage in not having the liquid in the different bulbs in communication, 
because when one bulb is saturated the liquid cannot diffuse into the others. 
One bulb is thus thrown out of action.^ For similar reasons to those just con- 


^ Note the possible electrification of glass vessels on rubbing, and its influence on weighing, 
mentioned on page 4. This ‘error may run as high as 0 020 grm. (E. Bornemann, Chem, 
Ztg.f 32 , 125, 220, 1908). The charge disappears slowly by repeatedly touching the apparatus 
with the fingers. The electrification is more likely to occur in dry, frosty weather. 

^ The magnitude of the error is reduced by the use of this counterpoise. 

* W. C. ^derson, Joum. Soc. Chem. Ind,, x 8 , 119, 1899; A. Delisle, Dingier ' b Joiim,, 
279 , 167, 1891; A. Dettloff, Zeit. arval, Chem,, 46 , 717, 1907; C. Mann, ib,, 32 , 186, 1893; 
S. Schiff, ib,, 28 , 679, 1889; A. Landsiedl, Oester, Chem, Ztg,, 5 , 31, 1903; M. Gomberg, 
Joum, Amer, Chem, 80 c,, x 8 , 941, 1896; C. M. Johnson, ib,, 28 , 862, 1906 ; 0. Carrasco, 
Chem. Ztg„ 31 , 342, 1907; E. Berl, ib„ 34 , 428, 1910; G. Schdler, ib., 29 , 569, 1905; L. Bufty, 
Chem, News, 87 , 289, 1903; A. E. Hill, ib., 98 , 38, 1908; H. L. FisW, Joum. Ind. Eng. 
Chem,, 8 , 3^, 1916; 8 , F. Acree, Amer. Chem. Joum., 35 , 309, 1906; J. Wetzel, Ber., 33 , 
3393, 1900; 36 , 161, 1903; A. Friedrich (Zeit. angtm, Chem,, 36 , 481, 1923) says that new 
absorption btdbs should be steamed out bdore using for the first time. 

^ J. Ldwe, Zeit. anal. Chem., 7 , 224, 1868. 
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sidered, we recommend, later on, a calcium chloride tube with but a small 
surface exposed to the atmosphere. 

When the carbon dioxide is determined by passing the gas through aqueous 
barium hydroxide, filtering off and weighing the barium carbonate, or by 
titrating the residual barium hydroxide,^ the error is eliminated. This is also 
the case when the volume of the gaseous carbon dioxide is determined. ^ 

§ 303. The Detection of Carbon Dioxide. 

The presence of carbonates is indicated by a sudden effervescence when the 
substance is treated with dilute acids — sulphuric, hydrochloric 
or phosphoric acid. An excess of acid should be used, since some 
bicarbonates are soluble in water. The experiment is made by 
placing a little of the substance in a test tube, covering it with 
dilute hydrochloric acid, and warming the contents of the tube. 

The carbon dioxide which is formed is heavier than air and may 
be poured into a second test tul)e containing a little lime or baryta 
water.^ If the second test tube be shaken, a turbidity will be 
produced if carbonates be present in the sain2:)le under investi- 
gation.^ A drop of lime water hanging from the end of a glass rod 
held just inside the test tube which contains the substance under 
investigation will show a film of calcium carbonate if carbonates 
be present. 

The test may also be conducted in the following way.^ Draw 
out the end of a narrow test tube as shown at A, hg. 125 , and 
fit a capillary funnel or conical tube as shown at B. Put the piG. 125. 
substance under investigation in the tube A, and a drop of baryta 


^ U. Kreusler, Zmt. Chern.^ (2), 2 , 292, 1866; Zeit. aywL Che.m.^ 5 , 216, 1866; P. Claesson, 
Her., 9 , 174, 1876; M. Pottenkofer, Journ. Chem. SffC., 10 , 292, 1857; Journ. prakt. Chem., 
( 1 ), 82 , 32, 1861; (1), 85 , 179, 1862; Liehufs Ann. Supph, 2 , 23, 1863; W. Spring and L. 
Roland, Mhn. Acad. Hoy. Bdg., 37 , 1, 1887; J. A. Aupperle, Journ. Amer. Chem. Soc.^ 28 , 
858, 1906; A. Gregoire, J. Hencirick, E. Carpiaux, and E. Germain, Ann. Chim. anal., 18 , 
1 , 1913; A. Dorner, Zeit. physiol. Chem., 88 , 425, 1913; A. Warburg, ib., 61 , 261, 1909; 
A. Gronzea, Bui. Soc. Btiinte BucureMi, 16 , 156, 1914; E. Truog, Journ. Ind. Kng. Chem., 
7 , 1045, 1915; P. L. Hibbard, ib., ii, 941, 1919; N. J. King, Chem. Eng. Min. Rev., 24 , 
429, 1932; M. Nicloux, Compt. rend., 184 , 890, 1927; Anon., Chem. Ztg., 46 , 706, 1922. 

* J. Wiborg, Berg, Hiitt. Ztg., 46 , 233, 1887; A. A Blair, Journ. Amer. Chem. Soc., 18 , 
223, 1896; G. Lunge and L. P. Marohlewski, Zeit. angew. Chem., 4 , 229, 412, 1891; E. Donath 
and W. Ehrenhofer, Oester. Zeit. Berg. liutt., 45 , 285, 1897; W. Hempel, Verb. Verein. Beford. 
Oewerbfi., 8 , 640, 1893; J. R. Cain, Journ. Ind. Eng. Chem., 8 , 368, 1916; C. J. Schollen- 
berger, ib., 8 , 417, 1916. 

* The lime water should be kept in contact with calcium carbonate so that the solution is 
saturated with calcium carbonate, otherwise minute amounts might escape detection owing 
to the slight solubility of calcium carbonate in lime water — C. L. Berthollet, Ann. Chim., 
3 , 68 , 1789; H. A. von Vogel, Schweiggeds Journ., 33 , 207, 1821; F. H. Storer, Amer. J. 
Science, (2), 25 , 42, 1858; H. N. McCoy and S. Tashiro, Intern. Cong. App. Chem., 8 , i, 361, 
1913; J. F. Barker, Journ. Ind. Eng. Chem., 9 , 787, 1917. 

* Owing to the fact that air contains carbon dioxide, baryta water will nearly always give 
a turbidity with a blank test. Hence, the turbidity produced by the carbonate should be 
more intense than the turbidity produced by the blank test. The two should show a marked 
difference. J. Petersen {Zeit. anorg. Chem., 88 , 234, 1914) detects carbonates in the presence 
of sulphides by decomposition with hydrochloric acid in tb 3 presence of zinc. The hydrogen, 

g enerated from the latter, carries the gases into an absorption flask, charged with 3 per cent. 

ydrogen peroxide solution to remove the hydrogen sulphide and then into a second flask 
containing lime water 

* 0. Rdssler, Ber., 20 , 2629, 1887; 0. F. Stafford, Journ. Amer, Chem. 80 c., 40 , 622, 1918. 
In sp^ial cases, the test must be conducted in air free from carbon dioxide — see F. P. 
Treadwell, Antdifiical Chemistry, New York, i, 307, 1903. Consult any work on qualitative 
anafysis for oonflrmatory tests. 
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water in B, Dip the test tube at A in hydrochloric acid.^ The presence of 
carbonates is shown by a white cloud forming in the baryta water as carbon 
dioxide passes through. 


§ 304. The Rapid Determination of Carbon Dioxide in Carbonates. 

Fresenius remarks that there are few methods of analysis equal in accuracy 
to a process somewhat similar to that described on page 616; but it requires 
care and time, and other investigators^ have come to 
the conclusion that the wet process is i\ot so satisfactory 
as dry combustion. There are several short cuts, some 
of which are quite satisfactory; others, not so accurate, 
are only justified when time must be saved. There 
is a remarkable variety® of remarkably ingenious 
and compact instruments in which the acid, the car- 
bonate and the desiccating agent are placed in separate 
compartments of one instrument. All are weighed 
together. The acid is then brought in contact with 
the carbonate and, when the action is over, the loss in 
weight represents the carbon dioxide which has left the 
system. It is not easy to get a degree of accuracy 
greater than to about half per cent, with these instru- 
ments, except by taking precautions involving the 
expenditure of nearly as much time as the gravimetric 
process next described. If an accuracy of about one 
per cent, be desired,^ we can select an apparatus from 
the dealers’ catalogues, rejecting those which are 
cumbrous, fragile, difficult to clean and expensive. 
Rohrbeck’s and Schrotter’s are favourite forms,^ 

The standard form of Schrotter apparatus is shown in fig. 126. It is 
charged for use by pouring concentrated .sulphuric acid into the gas washing 
bulb A until the port a is submerged to a depth of 5 to 10 mm. The 



Fig. 126.— 
Schrotter Apparatus. 


’ Dilute sulphuric acid does not always produce effervescence with magnesite, siderite and 
dolomite. The “best acid” to use depends upon the nature of the carbonate. Sulphuric acid 
is suitable for alkali carbonates; hydrochloric acid for magnesium and calcium carbonates; 
and nitric acid for lead carbonates — white lead. With nitric and hydrochloric acids there is 
always a danger of losing a little acid, since some acid may be carried out of the system with 
the carbon dioxide, especiaUy if the latter comes off rapidly. A. Mayer {Landw, Vers. Stat.^ 51, 
339, 1899) says that if ferrous carbonate be present, dilute acetic acid is best (1 acid, 2 water), 
since ferrous carbonate is not then attacked, while magnesium and calcium carbonates are 
attacked. H. Bonitrager {Zeit. anal. Chem., 29, 141, 1890) prefers nitric to hydrochloric acid 
for small quantities, because hydrogen chloride and chlorine gases are not absorbed by the 
drying agent — sulphuric acid — whereas nitric and nitrous gases are. 

* F. Ehrenberg, C. Diebel and H. Verkenstedt, Zeit. anal. Chem., 52, 408, 1913; L. A. 
Congdon, F. J. Brown and R. K. Friedel, Chem. News, 129, 263, 1924, See also footnote 2, 
page 616, under “Errors.” 

* See the dealers' catalogues for a few of the multitudinous forms which have been invented. 
For a process based on the fusion of sample with sodium paratungstate, see F. A. Gooch and 
S. B. Kuzirian, Amer. J. Science, (4), 31, 497, 1911. The loss in weight of the mixture 
after fusion represents the carbon dioxide expeUed. Processes like this have a limited 
application. See page 585. 

^ The results are better with substances rich in carbonates. 

* A. R. von Schrdtter’s (Ber. Wien, Acad., 63, 471, 1871), J. Davies' (Brit. Pat. No. 
533209, 1908), J. L. Kreider's (Amer, J. Science, (4), 19, 188, 1906; Zeit. anorg. Chem., 44, 
164, 1906; Chhn. News, 93, 62, 1906), C. H. CMbb's (Analyst, 21, 62, 1896), are useful forms. 
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acid (about 5 10 c.c.) for reaction with the carbonate ^ is placed in bulb B and 
the ground glass joint 6, b between the upper and lower halves of the apparatus 
is well lubricated. After standing in the balance case for a short time, the 
apparatus is weighed. About a gram ^ of the carbonate is placed in the 
receptacle C, care being taken that none of the lubricant is lost when the two 
halves are detached. The apparatus is again weighed. Remove stopper c 
and allow the acid in B to enter C via the tap d at such a rate that the evolved 
gas escapes suffic.iently slowly to be dried on passage through the sulphuric 
acid in A. When the reaction is over, a slow current of air ^ is aspirated 
through the system for 5- 10 minutes by applying suction at e and connecting B 
to a soda lime and calcium chloride tube. The lower portion of C is meanwhile 
immersed in water at a temperature of 80°- 90“. The apparatus is then 
allowed to cool down to room temperature with tap d open. When cool, 
stopper c is replaced and the apparatus once more weighed. The loss in 
weight represents the carbon dioxide which has left the system.^ 

The following numbers represent the results which may be expected: 

Used (CaCOa) . ()-2ir)3 0-2011 0-2004 0-2006 0-2020 0-2018 grm. 

Found (CaCTlg) 0-2149 0-2010 0-1999 0-2003 0-2017 0-2017 grm. 

Error . -0-0004 - 0-0001 -0-0005 - 0-0003 - 0-0003 - 0-0001 grm. 


8 305. The Gravimetric Determination of Carbon Dioxide. 

With clays containing carbonates it may be necessary to determine the 
carbon dioxide independently of the carbon. Hence the carbon dioxide from 
the decomposition of the carbonate is subtracted from the total carbon dioxide 
obtained on combustion. The difference giv^es the carbon dioxide derived 
from the combustion of the carbonaceous matter iji the clay. The carbon 
dioxide can be accurately determined in an apparatus (fig. 122) modified as 
indicated in fig. 127.® The silica capillary is replaced by a double U-tube 
the first half of which is filled with pumice saturated with anhydrous copper 
sulphate,® and the other half with calcium chloride. The White’s tube D 

^ See footnote 1, page 624. For the use of perchloric acid for decomposing carbonates, 
see C. A. Jacobson and J. Haught, Ind. Eng. Chem. Anal. Ed.^ 2 , 334, 1930; Bull. West 
Va. Univ. Sci. Asmyc., 2 , No. 4, 8 , 1930; C. Mahr, Zdt. anal. Chem., 97 , 93, 1934. 

* The amount is determined by the percentage of carbonates in the given sample. We 
generally have a rough idea. Two or three grams may be used when the substance is poor 
in carbonates. 

* If the material contains ferrous oxide, this may become oxidised when the carbon dioxide 
is replaced by air. If complete oxidation of the ferrous iron occurs, the reported percentage 
of carbon dioxide w’ill be 0*1 1 per cent, too low for every 1 per cent, of FeO present. In such 
cases it is recommended that the carbon dioxide should be replaced by nitrogen instead of air. 

* See L. A. Sayce and A. Crawford, Joum. Boc. Chem. Ind., 41 , 57T, 1922, for a review 
of methods of the above type. 

® R. Fresenius, Quantitative Chemical Analysis, London, 2 , 340, 1876; Zeit. anal. Chem., 
14 , 174, 1875; A. Classen, ib., 15 , 288, 1876; L. H. Borgstrom, ib., 53 , 685, 1914; H. Kolbe, 
Liebig's Ann., 119 , 130, 1861; J. Hessert, ib., 176 , 136, 1875; J. Volhard, ib., 176 , 142, 
1875; H. Rose, Pogg. Ann., 116 , 131, 1862; J. Persoz, Compt. rend., 53 , 239, 1861; L. T. 
Bowser, Journ. Ind. Eng. Chem,, 4 , 203, 1912; H. W. Brubaker, ib., 4 , 599, 1912; E. W. 
Gaither, ib., 4 , 611, 1912; W. H. MacIntyre and L. G. Willis, ib., 7 , 227, 1915; E. Truog, 
ib., 7, 1045, 1915; W. H. Waggaman, ib., 8, 41, 1916; H. B. Hutchinson and K. Maclennan, 
Joum. Agric. Science, 6 , 323, 1914; A. Suchier, Zeit. angew. Chem., 27 , 527, 1914; F. K. 
Cameron and J. F. Breazeale, Journ. Amer. Chem. 80 c., 26 , 29, 1904; H. V. Thompson in 
G. Lunge and C. A. Keane, Technical Methods of Chemical Analysis, London, 3 , 1 , 1931; 
B. E. Dixon, Analyst, 59 , 739, 1934. 

* F. Stolba, Din^fler's Joum., 164, 128, 1862; Zeit. anal. Chem., 10, 76, 1871; R. Fresenius, 
ib.t X4, 174, 1875. The pumice is prepared by idting about 60 grms. of fragments of pumice, 
about the size of peas, free from dust. The fragments are placed in an evaporating basin with 

40 
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contains sulphuric acid. The other tubes are filled as indicated in the wet 
combustion process for carbon. 

The amount of clay to be taken for an experiment depends upon the 
amount of carbonates present. From 5 to 50 grms. of the dried clay are 



Fig. 127. — Determination of Carbon Dioxide in Carbonates. 

transferred to the flask and made into slij) with boiled distilled water, free from 
carbon dioxide. Hydrochloric or sulphuric acid is added slowly by opening 
the plug cock.^ When effervescence ^ has ceased and enough acid has been 
added to decompose all the carbonates, the flask is gently heated for about 
15 minutes while a current of air is slowly aspirated through the system. 

In illustration of the weighings, the following numbers may be cited. 
2 grms. of clay were treated with dilute hydrochloric acid and: 

Weight of potash bulbs (after) .... 78-1863 grms. 

Weight of potash bulbs (before) .... 78*1326 grms. 

Carbon dioxide ..... 0-0537 grm. 

0*0537 grm. of carbon dioxide per 2 grms. of clay represents 2-68 per cent, 
of carbon dioxide, or 6*11 per cent, of calcium carbonate, since weight of carbon 
dioxide multiplied by 2*27454 represents the corresponding amount of calcium 
carbonate, CaCOg; and if the weight of carbon dioxide be multiplied by 1*2745 
the corresponding amount of calcium oxide, CaO. The carbon dioxide may 
be wholly or in part combined as magnesium carbonate; as dolomite; as 


a concentrated solution of copper sulphate (30-36 grms.). Evaporate the solution to dryness 
with constant stirring. Heat 4 or 5 hours in an air bath at 160*^-160°, not more, or sulphur 
dioxide will be formed. The pumice so prepared will remove hydrogen sulphide and hydrogen 
chloride from the gases. 

^ For perchloric acid, see footnote 1, page 625. 

* If the substance froths and foams, it may be necessary to use a comparatively laige flask. 
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ferrous carbonate (siderite); or a basic iron carbonate. If w denotes the 
weight of carbon dioxide, we have 

2-274r)/e — Per cent, calcium carbonate, CaCOg 
1*91 = Per cent, magnesium carbonate, MgCOj 
2*0954^r = Per cent, dolomite, MgCOg.CaCOg 
2*6327?/; == Per cent, ferrous carbonate, FcCO;^ 

Success in this determination largely depends upon the speed at which the 
carbon dioxide is liberated. If the gas comes off too rapidly, some carbon 
dioxide may pass through the system without giving uj) its moisture to the 
desiccating agent. 

(Concentrated hydrocliloric or nitric acid, or dilute sulphuric acid, may be 
used as indicated on page 624. Morgan ^ recommends orthophos])horic acid 
(sp. gr. 1*75) for decomposing the carbonates and then the addition of a 
moderate excess of chromic acid (3 -4 grins.), whereby the carbon is oxidised. 
Thus carbon dioxide and carbon may be determined separately on the same 
sample. We have had no experience with this phosphoric acid process. 

For minerals which decompose slowly with hydrochloric acid, e.g. scapolite, 
Borgstrom ^ recommends the addition of a little hydrofluoric acid to the 
hydrochloric acid. Though the glass is attacked, the flask can be used for a 
number of determinations; the results are said to be higher than when hydro- 
chloric acid is used alone, because the mineral is more completely decomposed. 

§ 306. The Volumetric Determination of Carbon Dioxide in 
Carbonates- Scheibler and Dietrich’s Process. 

The volume of the carbon dioxide obtained by the action of acids on car- 
bonates can be measured quite accurately. A large number of instruments 
has been devised and modified for this purpose.® Scheibler\s instrument is one 
of the oldest and, with some modifications, one of the best. Scheibler and 
Dietrich’s instrument, illustrated in fig. 128, is fairly common. 

The Apparatus . — In this ajiparatus, a measuring tube A is connected with 
a levelling tube B by means of a piece of thick- walled rubber tubing. A is 
graduated from 0 to 200 c.c. ; B slides on the upright of the stand. The upper 
end of A is connected wdth a three-way cock d which connects A either with 
the air, or with the cooling coil C through which the gases pass on their way 
from the generating flask F to the measuring tube A. The coil C is immersed 
in a beaker of water at room temperature. A is filled with a 1 per cent, solution 
of boric acid. If all the connections are good, when the liquid in A is at zero, 
it will remain at zero if the levelling tube be depressed for some time, and then 
raised again. 

^ G. T. Morgan, Joum. Chem. SoCr., 85 , 1 (K) 1 , 1904; E. C. Grey, ib., 105 , 2204, 1914; 
W. H. MacIntyre and L. G. Willis, Journ. Ind. Eng. Chem., 7 , 227, 1916. 

^ L. H. Borgstrom, Zeit. anal. Chem., 53 , 685, 1914. 

* C, Scheibler, Anleitung zum Oebrauch des Apparates zur BeMimmung de^ Kohlensauren 
Kalkerde in der Knockenkohle, Berlin, 1862; Chem. News, 22 , 75, 1870; R. Warington, ib., 
31 , 263, 1875; E. Nicholson, ib., 29 , 245, 1874; H. Fresenius, Zeit. anal. Chem., 19 , 206, 
1880; E. Dietrich, ib., 3 , 162, 1864; 4 , 141, 1865; 5 , 49, 1866; D. Sidersky, ib., 25 , 
93, 1886; 26 , 336, 1887; E. Jager and G. Kriiss, ib., 27 , 721, 1888; R. Baur, ib., 23 , 371, 
1884; A. Classen, ib., 15 , 288, 1876; F. Schulze, ib., 2 , 289, 1863; A. Gawalovski, ib., 18 , 
244, 660, 1879; G. Burkhardt, Neue Zeit. Rub. Ind., 16 , 115, 1886; D. Sidersky, Zeit. Ver. 
Riik. Ind., 20 ^ 919, 1886; W, Borchers, Joum. prakt. Chem., ( 2 ), 17 , 353, 1878; G. Lunge, 
Chem. Ind., 8, 166, 1885; F. Fuchs, Chem. Ztg., 13 , 873, 1889; C. Tubandt and H. Weisz, ib., 46 , 
1106, 1922; R. Finkener, Zeit. angew. Chem., 3 , 273, 1890; W, Thorner, ib., 2 , 641, 1889; 
E, Cramer, Tmind. Ztg., 18 , 577, 1894; C. S. Robinson, Soil Sci., 10 , 41, 19^; A. Gr^goire, 
J. Hendrick, E. Carpiaux and E. Germain, Ann. Chim. anal., 18 , 1 , 1913. 
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Adjustment of the Apparatus . — When the instrument is connected up as in 
the diagram, read the barometer and thermometer. A table is supplied with 

the instrument. This gives half the amount 



Fia. 128. — Schcibler and Dietrich’s 
Apparatus. 


of substance to be weighed out for all 
variations of temperature and pressure 
between 10° and 25°, and 720 mm. and 770 
mm. The right amount of the powdered 
substance ^ is weighed into the flask and 
a small tube a containing 5 c.c. of hydro- 
chloric acid (sp. gr. 1*124) is placed in the 
same flask. The acid tube is reared against 
the side of the flask, so that the acid does 
not come in contact with the powder. The 
flask is closed by means of a rubber stopper. 
The liquid in A is set so that the lower level 
of the meniscus is at the zero of the scale 
when the liquid in the levelling tube is at 
the same level. 

Evolution of Gas . — The generating flask 
is now tilted so that the acid comes in con- 
tact with the carbonate. When all action 
has ceased and the apparatus has cooled 
two or three minutes, the levels of the liquid 
in A and B are adjusted, and the lower level 
of the meniscus in A is read.‘^ Add to this 
a correction for the volume of the carbon 
dioxide dissolved by the liquid in the gener- 
ating flask F.^ Half the sum represents the 
percentage amount of carbon dioxide in the 
given sample. 

§ 307, The Volumetric Determination 
of Carbon Dioxide in Carbonates — 
Lunge and Marchlewski’s Process. 

The apparatus just mentioned gives 
good results, but it has some weak points. 
Lunge and Marchlewski * have introduced 
several improvements, but their apparatus, 
shown in fig. 129, is somewhat expensive. 
Still, it is one of the best instruments for 
the purpose on the market. 


' As indicated in the table, multiplied by 2. The reason for varying the amount of sample 
with different temperatures and pressures is to avoid calculating the weight of gas corre- 
sponding with the volume measured in A. 

* If, after the volume of the gas has been initially read, gas is still slowly evolved from 
the generating flask, magnesium carbonate is present. 

* See S. Hatta (Joum. Soc. Chem. Ind. Japan^ 36, 8B, 1933) for the correction for the 
solubility of carbon dioxide and J. R. Branham {Bur. Standards Journ. Research, 12, 363, 
1934) for the loss of gas due to solution in rubber connections and lubricants. In O. Petter- 
son’s method (J5er., 23, 1402, 1890) the carbon dioxide is driven from the generating flask 
by the simultaneous action of the acid on iron or aluminium wire. Carbon dioxide and 


hydrogen collect m the measuring flask. The former is determined in an Orsat’s apparatus. 

* O. Lunge and L. Marchlewski, Zeit. angew. Chem., 4, 229, 412, 1891; 6, 396, 1893; 
W. Thdmer, ih., 2, 644, 1889; R. Lorenz, ib., 6, 396, 411, 1893; M. A. von Bois, SiaM Risen, 
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The Apparatus, — In the diagram (fig. 129) ^ is a flask (about 30 or 40 c.c. 
capacity) closed by a soft rubber bung. The bung is fitted with a dropping 
funnel a and a capillary tube bent 
at right angles, as shown in the 
diagram. B is the gas measuring 
tube, D is the levelling tube and 
(7 is a compensating tube whose 
function is described below. These 
tubes are connected by means of 
thick- walled rubber tubing and 
mounted as shown in the diagram. 

^ is an Orsat’s absorption pipette 
containing soda solution or 
potash.^ The soda lime tube F 
protects the contents of the 
Orsat’s pipette from atmospheric 
carbon dioxide. G and H are 
three-way stopcocks. The appar- 
atus is used as follows: — 

Adjushneni of the Apparatus. 

— The decomposition flask A is 
cleaned perfectly free from acid, 
and an amount of substance which 
will give not more than 50 c.c. of 
carbon dioxide is weighed into 
the flask along with 0*08 grm. of 
thin aluminium wire.^ Insert the 
bung and close the tap on the 
dropping funnel a. Raise the 
mercury in B until it reaches the 
stopcock (j,^ which is open to the 
air. Connect A and B, but not 
E and R, via the stopcock G. 

Depress the mercury in B by 
lowering D as far as possible. 

Turn the stopcock G so that 
when the levelling tube is raised 
the air in B will be driven out of 
the system. When the mercury 
reaches ff, again connect A with 
B through stopcock G and repeat the operation three or four times so as partially 
to evacuate the vessel A. 

Evolution of the Gas, — With the mercury in the levelling tube D lower than 
in R, and A and R in communication, add about 10 c.c. of hydrochloric acid 
(3 vols. water, 1 vol. acid) via the funnel a. Close the stopcock of the funnel 
just before the last drop of acid runs into the flask. Carbon dioxide is evolved 


8 , 257, 1887; 0. Vogel, * 6 ., ii, 486, 1890; C. Reinhardt, 16 ., 12 , 048, 1040, 1891; G. Lunge, 
Chcm, Ztg,, X2, 821, 1888. 

^ Sodium Hydboxidib Solution.— 104 grms. of ordinary caustic soda dissolved in 130 c.c. 
of water will make about 200 c.c. of a solution approximately 13N. See pa^ 619. 

• Weigh, say, one metre of the thin wire and calculate the length required to give 0-08 
grm* Lengths out this size can be kept in a bottle ready for use. 

* This requires care, or mercury will be driven where it is not wanted. 
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at once. The mercury in B is depressed. Lower the levelling tube D so that, 
all the time, the mercury in D is lower than in B, The flask A is gently warmed 
with a spirit lamp for about 2 minutes. Add more acid and repeat the opera- 
tion.^ In this way nearly all the carbon dioxide is driven from the liquid in A 
by the escaping hydrogen. When all has dissolved, add dilute acid through the 
funnel a until the flask A^ as well as the connecting tube, are filled almost as far 
as the stopcock G. Close stopcock G. Let stand for about 10 minutes so 
as to acquire the temperature of the room. Meanwhile the flask A and its 
connecting tube can be removed and cleaned. 

Measuring the Volume of the Gas, — Adjust the lev^els of the mercury in C 
and D until the mercury in C is at the 100 c.c. mark, and at the same level in B. 
Now read the volume of the gas confined in B from the top of the mercury 
meniscus. Suppose it be 147*5 c.c. The level of the liquid in the Orsat’s 
pipette E is adjusted by opening the three-way cock Hy and blowing through 
the tube F until the soda solution stands at the etched mark just below the 
stopcock. Close the stopcock //, Let the mercury in the levelling tube stand 
at a higher level than in B, Connect B to the three-way cock H on the Orsat’s 
pipette E. Now put B and E into communication with each other by turning 
cocks G and H and raise 1) gradually until the mercury in B is near the stopcock 
6r. Then slowly depress D until the soda solution stands at its former level. 
Bepeat this operation three times. The soda solution absorbs the carbon 
dioxide. The motions require care, because it is easy to get the soda solution 
into the measuring tube B, and mercury into the Orsat’s pipette E. A little 
practice and attention will soon give control of the movements of the liquids. 
When the level of the soda solution is at its mark below the cock H, close the 
cocks H and Gy and adjust C and I) as before. Read the level of the mercury 
in B from the top of the meniscus. Suppose that 108*4 c.c. are indicated. The 
difference in the two readings represents the volume of carbon dioxide at 0° 
and 760 mm. pressure given off by the decomposition of the carbonate. We have : 

Mercury level before ...... 147*5 c.c. 

Mercury level after . . . . „ 108*4 c.c. 

Carbon dioxide absorbed . . . . .39*1 c.c. 


But one cubic centimetre of carbon dioxide at 0° and 760 mm. corresponds 
with 0*0019643 grm. of carbon dioxide, or 0*004468 grm. of calcium carbonate. 
Hence, 39*1 c.c. of carbon dioxide must correspond with 0*004468 x 39*1 grms. 
of Ca003. If 0*1787 grm. of whiting were used in the decomposition flask A, 
it follows that the whiting contained: 


0*4468x39*1 

0*1787 


= 97*75 per cent. 


CaCO., 


Amount of Carbonate required for an Experiment, — It will be observed that 
we selected a weight 0*1787, which is times less than 0*4468. Hence, a con- 
siderable saving of time is effected by taking, as recommended by Lunge and 
Marchlewski : 


Grams of substance 
taken. 

Nature of the carbonate rock. 

1 c.c. of COj represents 
CaCOg. 

0 1787(2) 

Very rich in carbonates 

2*5 per cent. 

0-2234 i 

Marls rich in carbonates 

2*0 per cent. 

0-4468 j 

Marls poor in carbonates 

1*0 per cent. 

2-2340 

Minerals poor in carbonates 

0*2 per cent. 


^ This can he done without admitting air. 
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If carbon dioxide, not calcium carbonate, be wanted, the factor 0-4468 must 
be changed to 0-19643, and a corresponding change made in the amount of 
materials taken for the analysis in order that the number of cubic centimetres 
absorbed may be a simple multiple or submultiple of the per cent, of carbon 
dioxide in the substance. 

The Compensation Tube , — This is an ingenious device to render the reduction 
of the volume of the gas to the standard temperature and pressure un- 
necessary.^ The compensation tube C contains a known volume of air such 
that it would occupy 100 c.c. at 0° and 760 mm. If the same temperature 
and pressure be applied to another gas, it also will take up a volume corres- 
ponding to 100 c.c. at 0° and 760 mm. If moist gases be in question, a drop 
of water is introduced into the compensation tube. From the well-known gas 
laws, it follows: 


Volume at and p mm. Volume at 0° and 760 mm. x 


(273+^760 

213(p~f) 


where/ is the vapour pressure of water at the temperature ^ as given from vapour 
pressure tables. To adjust the compensation tube, read the temperature t 
and barometer p. Find the corresponding value of / from the tables. Calculate 
the volume which 100 c.c. of gas at 0° and 760 mm. would occupy at and 
(p-f) mm. pressure. Adjust the levelling tube by means of the Cockers stop- 
cock ^ 6 r until the level of the mercury in the compensation tube is at the required 
graduation. Close the GockeFs stopcock. The tube is then ready for use. 


§ 308. The Dry Combustion Process for the Determination 

of Carbon. 

One of the best methods for the determination of carbon is to heat the dry 
clay in a porcelain or fireclay boat in a combustion tube, in a current of oxygen, 
as is regularly done in the ultimate analysis of organic compounds. The carbon 
dioxide which is formed, and also the water, are determined by absorption 
in suitable vessels. For example, the water is absorbed in a weighed calcium 
chloride tube and the carbon dioxide in a weighed potash bulb. The increase 
in weight of the potash bulb represents the amount of carbon dioxide derived 
(1) from the carbonates in the clay and (2) from the combustion of the car- 
bonaceous matter. The former is determined by another operation (pages 
624 and 625), and the difference represents that produced by the combustion 
of the carbon.® 

The operation is carried out as follows: A porcelain tube A (fig. 130), 2 ft. 
by 1 in., is used for the combustion and is heated preferably in an electric tube 
furnace BA If the clay contains volatile carbonaceous matter, the forward 
portion of the tube is packed to within 3 ins. of the end with freshly ignited, 
wire-form copper oxide,® which is kept in position by loose plugs of ignited 
asbestos or by small rolls of well-oxidised copper gauze. In any case, the layer 


^ See C. E. Millar, Joum. hid, Efig, Chem,^ 5 , 234, 1913. 

* H, Gdckel, Zeit, angew, Chem., 13 , 961, 1238, 1900. 

* Or the carbonates can be rtimoved by digestion in dilute hydrochloric acid, washing 
and drying before combustion. 

* Any of the standard types of gas-fired combustion furnaces can be used. The Medley 
furnace (T. J. Medley, Journ, Chem, Soc.^ 119 , 1242, 1921; Journ, Soc, Chem, Jnd,, 42 , 
433T, 1923) is a convenient form. 

* £• Krlenmeyer, ZeU, Pharm,t 6 , 166, 1854; 0. Beischauer, Viert. prakt, Pharm,, xi, 
38, 1862; K. C. 0. Stanford, Chem, News, 7 , 81, 1863. 
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of copper oxide is a desirable precaution, 
since it ensures the complete oxidation of 
the carbon to the dioxide. The fore end 
of the combustion tube is fitted with a 
one hole rubber bung and the bulbiforin 
side arm of a U-tube C is inserted through 
the hole until the end of the arm is just 
flush with the inner margin of the bung. 
The U-tube is filled almost to the level of 
its side arms with granular calcium chloride 
which has been sifted free from dust. Loose 
plugs of glass wool keep the calcium 
chloride in position. The open ends of 
the U-tube are closed by rubber bungs, or 
preferably are sealed off, after the tube 
has been charged.^ The other side arm of 
the U-tube is connected by thick-walled 
rubber tubing to a weighed LandsiedLs 
potash bulb I), charged as indicated on 
page 619. The arms of the U-tube and 
the Landsiedl’s bulb must be brought into 
contact with each other under the rubber 
sleeve so as to minimise any possible leakage 
of carbon dioxide at the joint. 

The rear end of the combustion tube is 
connected through another rubber bung 
with a })urifying and drying train ^ for the 
removal of carbon dioxide and moisture 
from the oxygen and air used in the com- 
bustion. An efficient form of train com- 
prises two Muencke’s gas washing bottles 
E, E and a large U-tube, 15 ins. high by 
IJ in. diameter, all connected in series. 
The bottles are one-third filled with a 10 
per cent, solution of potassium hydroxide, 
while the rear limb of the U-tube is charged 
with granules of soda lime and the fore 
limb with granular calcium chloride. A 
50 c.c. gas washing bottle 6r, with a glass 
tap fused to its exit arm, is interposed 
between the fore limb of the large U-tube 
and the combustion tube. 10 c.c. of con- 
centrated sulphuric acid, placed in this 
bottle, give the oxygen a final drying and 
also indicate the rate at which the gas is 
passing through the system. The rate is 


^ Note particularly footnote 3, page 619. 
Rubber bungs are liable to pick up dirt and grease 
during a determination, whereas a sealed limb can 
be wiped clean and is entirely gas-tight* 

* E. Sauer, Zeit anal. Chem.^ $i, 196, 1S92; 
F« Bohm, Chem. Ztff., 27 , 1037, 1903. 
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controlled by the glass tap and by fusing a glass lever to one of its arms a 
very fine adjustment is obtainable. 

To carry out a determination about 5 grms.^ of the dry (110®) clay are 
weighed out into a clay or porcelain combustion boat If, which has been 
previously ignited, and the absorption bulb D is also weighed. ^ The bulb 
and boat are placed in their respective positions in the system, as shown in fig. 
130, and oxygen is admitted from the aspirator J so that one to two bubbles 
per second pass the Landsiedl’s bulb. The current through the furnace is then 
turned on and adjusted by an external resistance so that the furnace reaches a 
temperature of about 1000® in three-quarters of an hour; the temperature is 
then maintained at this value by a suitable increase in the external resistance.® 
In about another 45 minutes the carbon in the clay will have been completely 
combusted. Owing to the difference in the densities of air and oxygen, the 
oxygen must be swept out of the potash bulb before weighing. Hence replace 
the aspirator J by an aspirator containing air and pass a slow stream of air 
through the system for 20 minutes. Then disconnect, cool and weigh the 
Landsiedrs bulb. 

Errors. — Chlorine compounds are a source of error since on combustion 
some or all of the chlorine will be eliminated as such and absorbed in the potash 
solution, thus increasing the apparent amount of carbon in the clay. When 
chlorine is present, the clay is mixed with lead chromate (free from carbonates, 
acetates and nitrates) before it is heated in the current of oxygen.** The lead 
chromate absorbs the chlorine and also some carbon dioxide. The amount of 
the latter is determined by the method of page 624 or 625. The remainder of 
the carbon dioxide is given by the increase in weight of the potash bulb. 
Alternatively a roll of silver gauze can be inserted at the fore end of the com- 
bustion tube, ill front of the layer of copper oxide. The gauze must not be 
heated strongly, but only kept warm, since the silver halides are volatile at 
higher temperatures. 

Sulphur compounds in the clay introduce a similar source of error to chlorine 
compounds as the oxides of sulphur, formed on combustion, are absorbed in 
the potash bulb. In such cases the combustion must be carried out with lead 
chromate as described above. 

If the clay contains quartz grains in which calcite is included, these grains 
will be disrupted on dry combustion owing to the decomposition of the calcite, 
whereas they will be unaffected by the wet combustion process. Thus, in such 
cases, the reported percentage of carbon will be higher by the former than by 
the latter process.® 

§ 309- The Analysis of Carborundum. 

Grinding the Sample. — Carborundum is so hard that it is impossible to 
grind it to a fine state of subdivision without a comparatively large amount of 
contamination (page 103). Again, this substance is so resistant to ordinary 

^ The amount of clay taken is necessarily conditioned by the amount of carbon it contains. 

^ See pages 621 and 622. 

^ The furnace should be “calibrated” before use by inserting a thermo-couple in the 
empty combustion tube and noting (1) the rates of rise of tenq^rature for varying external 
resistance, and (2) the external resistance necessary to maintain the furnace at any given 
temperature. 

* See footnote 2, page 635, H. Ritthaiisen, Zeit, anal. Chem., 22 , 107, 1883 ; N. N. Ljuba vin , 
Zum, ruask. Fig. Chim., 14, 480, 1887. 

* Compare. J. Lindner, Ber., 59B, 2561, 1926. 

* E. C. Shorey and W. H. Fry, Joum. Ind. Eng, Chem,, 9, 688, 1917. For errors in the 
determination of carbon, see E. Cofiari, Qazz, Ckim. Hal,, 63, 323, 1933. 
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chemical reagents that it must be very finely ground if it is to be completely 
decomposed.^ Miihlhauser ® has shown that, the coarser the powder, the 
greater the error in the determination of the carbon, presumably owing to 
incomplete combustion. He stirred the powdered material in 2 litres of dis- 
tilled water and, after settling 1 minute, poured oif the liquid with carborundum 
in suspension. This he stood for 5 minutes and then again poured off the 
liquid. The water contained the so-called 5-min. powder; the 1-min. powder 
remained as a residue. The stuff which settled after standing 1 minute was 
reground and again suspended in water. The sample was thus reduced to 
powders so fine that they remained suspended in water after standing respec- 
tively 1 and 5 minutes. These operations are obviously laborious and occupy 
a long time — more than a day. 

When ail abundant supply of the material is available in sufficiently large 
blocks, as at a plant where carborundum is manuffictured, the sample is 
ground by hand, until it passes a IbO’s mesh, in a mortar and pestle roughly 
shaped from the same block of carborundum as that under analysis. There is 
thus no })ossibility of extraneous contamination. W^hen this procedure is 
impracticable, the sample is first pulverised in an A})ich’s pestle and mortar 
(fig. 38) and then ground to the required degree of fineness in a steel mortar 
(fig, 39). The iron, abraded from the mortars and pestles, can be removed 
magnetically as indicated on page 104 or, alternatively, the powder can be 
digested with diluted hydrochloric acid to dissolve the iron, followed by washing 
and drying. The possibility must be borne in mind that either treatment 
may result in the removal of certain portions of the mineral together with the 
iron, thus giving a misleading analysis. 

The Determination of Carbon , — The carbon of carborundum and silicon 
carbides cannot be burned off completely even in a stream of oxygen, although 
it can be oxidised by fusing the sample with lead chromate (Miihlhauser, 
Moissan); red lead (Johnson); lead monoxide (Schwarz); lead peroxide; 
bismuth tetroxide, Bi 204 (Brearley, Norton); or a mixture of potassium 
carbonate and nitrate (Moissan).^ 


^ Phosphoric acid (sp, gr. 1-75) at 230° decomposes carborundum completely in 3 hours 
— M. Wunder and B. Jenneret, Compt. rend., 152 , 1770, 1911. 

* O. Miihlh&user, ZeAt. anal. Chem., 32 , 564, 1893. 

* 0. Miihlhftuser, Zeif. anal. Chem., 32 , .564, 1893; H. Wdowiszewski, Chem. Ztg., 34 , 
1209, 1910; R. Amberg, ih., 34 , 904, 1910; C. M. Johnson, Journ. Amer. Chem. 80 c., 28 , 
862, 1906; H. Moissan, Compt. rend., 117 , 425, 1893; F. Foerster, Zeit. anorg. Chem., 8 , 274, 
1895. The powder may explode with lead chromate and potassium dichromate (W. Mayer^s 
mixture, Liebig's Ann., 95 , 204, 1880). H. Schwarz, Dingler's Journ., 169 , 284, 1863. 
A, Goetzl {Chem, Ztg,, 26 , 967, 1902) heats the sample with an excess of lead oxide out of 
contact with air. If more metallic lead is obtained than is required by theory, the sample 
contains an excess of graphite ; and if less, an excess of sandy matters. The carbon dioxide 
formed during the combustion can be absorbed and weighed. G. Chesneau (Ann, Chim, 
anal., 13 , 85, 1908) heats a gram of the finely powdered sample to redness for 2 hours in a 
muffle — loss in weight represents free carbon. Digest the residue with 20 c.c. of hydrofluoric 
acid and 1 c.c, of sulphuric acid on a sand bath. Boil with hydrochloric acid, add hot water, 
wash by decantation and collect on a filter. Ignite and weigh the residue as carborundum. 
A. L. Queneau, Chem. Met. Eng,, 9 , 441, 1911; H. de Nolly, Rev. Met,, 8 , 391, 1911; H. 
Brearley, Chem. News, 84 , 23, 1901; F. H. Norton, Refractories, New York, 514, 1931. For 
the alleged carbonaceous impurities in red lead, see H, Brearley, Chem. News, 84 , 23, 59, 1901; 
J. G. McIntosh, ih., 84 , 46, 1901. H. Moissan, Compt. rend., 1 x 7 , 425, 1893; O. Honigsehmid, 
Karbide und Silizide, Halle a S., 92, 1914. S. W. Parr (Journ, Amer, Chem, 80 c., 30 , 7^, 
lOOSyheats together in a Parr’s bomb 1 to 2 parts of '^boro-magnesium mixture” (toic acid 
5 parts; potassium nitrate 4 parts; and magnesium 1 part, all finely powdered) with 10 
parts of sodium peroxide and 0*3 to 0*5 part of finely powdered carborundum. The fused 
mass contains the carbon as carbonate. 
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A thoroughly clean and dry combustion tube of hard glass ^ is fitted with 
one-hole rubber stoppers. A plug of ignited fibrous asbestos about 1 cm. long, 
and about 5 cm. from the end, is placed in the tube. Fill 15 cm. of the tube 
with coarsely granular lead chromate.^ Then mix 0*2 to 0-3 grm. of the 
powder under investigation with 20 times its weight of powdered lead chromate 
and transfer the mixture to the combustion tube. Then fill up the tube to 
within 5 cm. from the other end with more granular lead chromate. Insert 
another centimetre plug of ignited asbestos. Connect the left hand end 
of the tube (fig. 131) througli an efficient drying train to an aspirator containing 





Fuj. J3I,— Diagrammatk; Sketch of Combustion Tube. 


oxygen (fig. 130). Gently tap the tube so that a channel is left above the 
powder for the passage of gas. Connect the other end of the tube ® to the 
weighed absorption train (fig. 130). Test the apparatus to see that all the 
joints are gas-tight. Adjust the tap on the drying train so that oxygen passes 
through the system at the rate of 2 or 3 bu})l)les per second. Light the 
burners ^ on the extreme right to within 10 cm. of the powdered substance, 
with the flame high enough just to warm the tube. Now light the first few 
burners on the extreme left of the tube and then gradually increase the heat 
frbm either end of the furnace towards the centre so that the temperature of 
the layer of powdered lead chromate and substance is slowly raised. Increase 
the speed of the oxygen tow^ards the end of the analysis. The speed should 
never be greater than will permit the bubbles to be easily counted.^ When 
the tube is dull red and all the moisture has been driven into the calcium 
chloride tube,® lower the height of the flames and in about 5 minutes extinguish 
them. Replace the current of oxygen by a current of air. In about 20 minutes, 
remove the potash bulbs and the calcium chloride tube, and in about half an 
hour weigh them. The increase in weight of the potash bulbs represents the 
carbon dioxide formed by the combustion of the free and combined carbon in 
the given sample. Multiply the result by 0*2727 to get the amount of carbon 
equivalent to the carbon dioxide absorbed in the potash bulbs. The increase 
in weight of the calcium chloride tube represents the combined hydrogen and 
the water in the given sample. The carbon is usually a little low and the 
water a little high.'^ 

The Determination of the Silica , — The silica is determined by fusing the 


^ Inside diameter J3 mm., walls 1-1 J mm. thick, length depends upon the furnace. The 
tube should project 5-8 cm. from each end of the furnace. The sharp ends of the tube should 
be rounded in the flame. The tube should be dried by passing a current of clean dry air 
through the warm tube. In drying tubes by a blast of air, dust must be removed from the 
air by a suitable filter— *A. B. Dixon, Chem, News, 59 , 308, 1889. 

* Ignited at a dull red heat just before use and cooled in a desiccator. 

® An asbestos plate is generally fitted over the end of the combustion tube near the 
calcium chloride tube. 

* Gas-fired furnaces (see footnote 4, page 631) are preferable in this operation as the 
heated section of the tube cannot be inspected in an electric tube furnace, and it is essential 
that the lead chromate (m.p. c. 840'^) should not be heated above a dull red heat, otherwise 
it will attack the glass W'alls of the combustion tube. 

® About 4 bubbles per second — G. Auchy, Jouru, Ainer. Chem, Soc,, 34 , 1206, 1902. 

® Assisted, if necessary, by the cautious application of a small spirit flame at the end 
of the combustion tube near the calcium chloride tube. Be careful not to heat the stopper. 

^ E. de Boode, Amer. Chem, Journ,, X2, 226, 1890. 
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powder ^ with sodium carbonate as for clays ; or by fusing with sodium 
peroxide.^ The time required for the fusion is much longer than for clays ® 
and it is necessary to watch for any undecoraposed powder in the residue 
remaining after the fused mass has been taken up with water and acid. If 
any be present, a re-fusion of the undecomposed residue is necessary.^ The 
solution obtained from the sodium carbonate fusion is treated exactly as 
described for clays (page 147). 

Very few investigations have been made on the analysis of carborundum 
and silicon carbides. We sometimes have to deal with silicon carbide present 
in old graphite crucibles,® and with carborundum admixed with clay in com- 
pounding certain bodies. In that case, Miihlhauser’s method of grinding 
must be rejected. The 1-min. powder has a different composition from the 
5-min, powder. The grinding need not be so protracted if the alkalies have 
not to be determined.® The substance may then be first broken in a hard 
steel mortar, and finished with an agate mortar and pestle. 0*5 grin, may be 
calcined for loss on ignition ’ in a platinum crucible. A crucible with 1 grm. 
of powdered carborundum weighed 27-9834 grms. After 20 minutes’ calcina- 
tion over a Bunsen burner, the whole weighed 27-7413 grms.; after another 
12 minutes’ calcination, 27*7390 grms.; after 25 minutes’ further calcination 
on the blast, 27*7398 grms.; after 20 minutes’ more blasting the wt^ight was 
27*7415 grms. No marked change in weight occurred with a more prolonged 
blasting. The increase was probably due to oxidation of ferrous oxide 
(page 136). The calcination for loss on ignition is to be conducted over a 
Bunsen burner until no further loss in weight occurs. A known weight of 
the previously ignited sample (see footnote 7) is mixed with 5 to 6 grms. 
of red lead,® or lead carbonate, and a gram of sodium nitrite. The mixture 
is fused over a small Meker burner to ensure oxidising c^>nditions. When 


^ Mtihlhftuser (/.c.) .separates the sample into 1-inin. and 5-inin. powders. The latter is 
used for the carbon determination, the former for the silica determination. 

* For Parr’s boro-magnesium fusion mixture see footnote 3, page 634. F. 11. Norton 
{Refract-ories, New York, hl5, 1931) fuses 0*5 grm. of the sample with 5 grms. of sodium 
carbonate and 4 grms. of sodium peroxide in a nickel crucible. 

* Fusion of the 1.50’s mesh powder for 2 hours is recommended. 

* The reaction is sometimes represented by the symbols: 8iC f NagCOg -vNagSiOg f 2C. 
Hence, if a dark-coloured residue remains, it does not necessarily mean undecomposed 
powder. It may be unburnt carbon. The suspended undecomposed matter is filtered off, 
washed, calcined in a platinum crucible and re-fused with sodium carbonate. The cooled mass 
is taken up with water and acid and mixed with the main portion. 

® Formed in the body of the crucible itself while in use. For the determination of graphitic 
silicon in siliceous residues, see L. H. Callendar, Analyst, 58, 580, 1933. 

* Which is not usually the case. Wdowiszewski {lx.) puts for his final analysis: 
“ KjO •+• Na^O + analytical errors 1 per cent.” 

’ Note the difficulty with “loss on ignition” owing to the fact that silicon carbides scarcely 
bum even in a current of oxygen. The object of the ignition is to bum off as much of the 
carbon as possible in order to prevent the reduction of the lead oiude to metallic lead, which 
would min the platinum cmcible. If alkalies are to be determined, the sodium nitrite must 
necessarily be omitted. 

* The red lead must be socially purified, or a blank analysis made so as to be able to 
correct the final product for silica, alumina, etc. If the red lead contains particles of metallic 
lead, it will si^il the platinum crucible. The red lead is conveniently made by treating an 
aqueous solution of pure lead nitrate with a saturated solution of oxalic acid containing 
3 per cent, of nitric acid. The precipitate is separated, washed, dried and ignited at a dull 
red heat for some hours. Lead carbonate is made by precipitating a solution of lead acetate 
with the calculated amount of ammonium carbonate. If the sample under investigation 
contains organic matter, the carbon should be destroyed by gentle ignition. A. F* Crosse 
(Journ. Chem. Met. Min. 80 c. 8 . Africa, 2 ^ 182, 1897; Chem. News^ 76, 253, 1897), in ** assaying 
graphite crucibles,” mixes the material with enough manganese dioxide to bum all the 
graphite. 
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the melt is clear, cool the hot crucible with its lid in position by plunging 
the hot crucible in cold distilled water. The cake is usually easy to 
loosen with dilute nitric acid (not hydrochloric acid). Transfer the mass 
to an evaporating basin and evaporate with concentrated nitric acid to 
dryness. The fragments gradually soften and they can be rubbed with an 
agate pestle from time to time. The dry mass is treated for silica, as described 
for clays, but nitric acid is used in place of hydrochloric acid. The filtrate 
is treated in the cold with hydrochloric acid in order to preeij)itate most of the 
lead as chloride. Filter off the lead chloride and wash with hydrochloric acid 
(1 : 1). Evaporate the filtrate to dryness and take up the residue with hydro- 
chloric acid (1 : 4). Saturate the solution with hydrogen sulphide. Filter off 
the lead sulphide. Boil the filtrate to expel the hydrogen sulphide. The 
alumina may then be determined in the solution in the usual manner (page 164). 

The Estimation of Silicon Carbide — SiC , — There is a difficulty in calculating 
the amount of silicon carbide from the analytical data. For instance, suppose 
that the analysis gives : 


Silica .... 


I’or cent. 

. 48*34 

Carbon .... 


. 50*12 

Alumina and ferric oxide . 


16*07 

Magnesia 


0*53 

Lime .... 


1*02 

Potash .... 


0*21 

Soda .... 


0*09 

Total 


. 116*38 


This result assumes that all the silicon is present as silica. Part is present as 
silicon carbide, presumably 8iC. It is assumed that if the amount of silicon, 
present as silicon carbide and as silica, had been determined, the total would 
have been 100 instead of 116*38. Part of the oxygen which we have supposed 
to be combined in the silica was not present in the given sample. Since 
32 parts of oxygen correspond with 60 parts of silica, 16*38 j)arts of oxygen 
correspond with 30*71 parts of silica.^ Hence, 48*34-30*71 =17*63 per cent, 
of free silica. Again, 60 parts of silica correspond with 40 parts of silicon 
carbide --8iC; hence, 30*71 parts of silica correspond with 20*47 parts of SiC. 
Again, 40 parts of silicon carbide correspond with 12 parts of carbon; hence, 
20*47 parts of silicon carbide correspond with 6*14 parts of carbon as silicon 
carbide. Hence, 50*12-6*14 represents 43*98 per cent, of free carbon. The 
first two terms of the preceding analysis may now be revised. They read: 

Silica ....... 17*6 

Silicon carbide . . .20*5 

Carbon ....... 44*0 

The collected errors in the analysis are here distributed between the silica, 
silicon carbide and the carbon, and the method can only be regarded as a 
method of approximation. 

According to Parr,^ the free silica is removed by evaporation with hydro- 
fluoric acid, which does not attack silicon carbide — SiC. Hence, determine 
the total silicon by the fusion process and the free silica in a separate sample 


^ It will be noted that we use rounded atomic weights. The resulting error is negligibly 
small in comparison with the a|mrozimate nature of the method of computation. 

* S. W. Rmt, Joum, Amer, Chem, 80 c,, 30, 764, 1908. 
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by means of hydrofluoric acid.^ He expresses the analysis : silica (volatilised 
with HF), 8-27; metallic iron (removed by a magnet), 4-37; silicon as Si 
(by fusion process), 63*58; carbon, 23*67 per cent. 

§ 310. The Analysis of Siloxicon. 

Siloxicon is a greenish-grey refractory substance which varies in composi- 
tion between SigOgO and Si^C/g^* vigorously decomposed, but not 

completely, by a fused mixture of sodium carbonate and potassium nitrate. 
Hydrofluoric and sulphuric acids have but a slight action. It is vigorously 
attacked by heated lead peroxide.^ Spielmann ^ analysed a sample of the 
substance in the following way:- 

Silicon, Carbon and Moisture. The amount of moisture is determined, in 
the usual way, by drying the sample to a constant weight at 110'^. The 
substance is ‘‘opened” by fusing the sample with sodium peroxide in a nickel 
crucible (page 264). The siloxicon is vigorously attacked and the cake, when 
cold, is digested in water and then with dilute hydrocldoric acid. The 
resulting solution is treated in the usual way, and the amount of silica obtained 
is multiplied by 0*4672. This represents the amount of silicon 8i - in the 
given sample. The total carbon is determined by fusing the sample with 
sodium peroxide in an iron boat in a combustion tube in a gentle stream of 
oxygen. In one experiment a potash bulb was fitted to the tube to (ollect any 
carbon dioxide which might esca])e; but none did escape and hence the carbon 
was afterwards estimated from the amount of carbonate in the })roduct of the 
fusion of the siloxicon with the sodium peroxide in a crucible. The carbon 
dioxide in the fused mass was determined by the action of dilute sulphuric 
acid ^ in the usual way (page 624). 

Alumina, Iron and 1 * 2 ^ 20 . — Another sample was heated in a stream of 
chlorine in a porcelain boat in a hard combustion tube, whereby silicon 
tetrachloride, ferric chloride and a trace of aluminium chloride were volatilised. 
These were absorbed by passage (1) over the surface of water in a flask; and 
(2) through a U-tube loosely packed with cotton-wool. The silicon tetra- 
chloride was hydrolysed to silicic acid. When all the ferric chloride had 
volatilised, the combustion tube was heated by the blast to as high a tempera- 
ture as the tube would stand without collapsing. The reaction is at an end 
when the contents of the boat cease to glow. The cotton-wool was burnt in 
a crucible and the oxides of silicon and iron remained. The aluminium, iron 
and silicon collected in the flask and by the cotton-wool were determined as 
usual. The residue in the boat was heated in a current of oxygen and the 
carbon dioxide determined by absorption in potash bulbs. The final residue 
in the boat was found to be almost pure Si 2 C 20 .^ 


1 'E.W .CheeBehoTOVLgh {Chemist- Analyst, 20 , No. 4, 7, 1931) determines the total silicon in 
carborundum by fusing the sample with 10 times its weight of fusion mixture. The silicon 
as silicon carbide is determined by first treating the sample with sulphuric-hydrofluoric acid 
mixture and then fusing the residue with sodium carbonate, containing 2*6 per cent, of 
potassium nitrate. 

* P. Jannasch and H. J. Locke, Zeit. anorg. Chem., 6 , 168, 321, 1804; A. Leclerc, Compt, 
rend., 125 , 893, 1897; P. Jannasch, Zeit. anorg. Chem., 8 , 364, 1895; Chem. News, 72 , 61, 
1895. 

^ P. E. Spielmann, Joum. Soc. Chem, Ind., 24 , 654, 1905. 

* If hydrochloric acid be used, some chlorine will be formed. 

* A portion of the sample was boiled with hydrofluoric acid. The filtrate contained a 
trace of ammonium silioofluoride. This was probably due to the presence of a trace of silicon 
nitride in the original sample. 
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Calculations, — fipielumnn collects his results in the following manner: 


Total silicon (NagOg fusion) .... 

IVt oent. 

. 50-31 

Total carbon (NagOg fusion) .... 

. 31-39 

Iron (heating in chlorine) .... 

1-07 

Aluminium (heating in chlorine) and Nitrogen 

. traces 

Moisture ....... 

0-19 


82-96 

.Oxygen (diflerence from 100) . 

. 17-04 

Residue in boat (SigCgO) 

. 71-39 

Carbon on heating chlorine residue in oxygen 

. 11-79 

He interprets the analysis as follows: 



. 71-39 

SiCOg 

. 10-81 

SiC (carborundum) ...... 

. 5-81 

Graphite ....... 

. 10-06 

Fe . . . .... 

1-07 

Volatiles ....... 

0-19 

AI 2 O 3 ; SijN^ (by diff.) 

. 0-67 

The method of calculation ^ (^an only be regarded as the roughest of approxi 

mations. 

§ 31 1. The Analysis of Graphite and Graphite Crucibles. 


If the sample has no chemically combined water, as is the case with some of 
the artificial graphites, the carbon can be simply determined by heating the 
dried sample in a capacious Hose’s crucible fitted so that a current of dry 
oxygen can be passed into the crucible while the calcination is in ])rogress. 
The loss in weight represents the graphite burnt. ^ With natural graphites, 
however, this method is risky, because some silicates may be present which 
lose water only at elevated temperatures. Again, if pyrites, FeSg, be present, 
the sulphur is burnt to the dioxide and ferric oxide is formed such that one 
part of pyrites furnishes two-thirds its weight of ferric oxide. If appreciable 
quantities of occluded oxygen, hydrogen, nitrogen and sulphur ® be present, 
this method will give erroneous results.^ 

Berthier’s old process ® is not infrequently used when rapid work is needed. 


^ Details are not given here as, apparently, there is an error in the figures quoted in 
the original paper. 

* E. Donath, Der Oraphite, Wien, 163, 1904. For the analysis of graphite, see E. Donath 
and A. Lang, Stahl Eisen, 34, 1757, 1848, 1914; 35, 870, 1915; A. Lang, Oesterr. Chem, Ztg., 
z8, 101, 1915. See also page 615, § 300. 

* For the determination of sulphur in graphite, see L. Harant, Zeit. angew, Chem,, 44, 
921. 1931; K. Swoboda, ib., 45, 49, 1932. 

* E. Donath, Der Oraphite, Wien, 168, 1904; G. Auchy, Journ. Amer. Chem, Soc., 22, 47, 
1900. 

* P. Berthier, Dingler's Joum,, 58, 391, 1835; Traite des Essais par la Vote Skhe^ Paris, 
X, 222, 1847; W. F. Gintl, ZeiL ancd, Chem., 7, 423, 1868; G. C. Wittstein, Dinghr^a Joum,, 
2X6, 46, 1875. G. Forchhammer {Berg, HuU, Ztg,', 5, 465, 1846) recommended a mixture 
of three parts of lead monoxide and one part of lead chloride in place of lead monoxide alone, 
because the former fuses at a lower temperature and does not corrode the crucible so much. 
A. Sohrdtter {Dingier' a Joum,, zx6, 115, 1850) used lead oxychloride. 
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0*5 grm. of the finely powdered sample is intimately mixed with 12 grms. of 
powdered lead monoxide and placed in an unglazed porcelain crucible. The 
surface of the mixture is covered with 12 more grms. of lead monoxide and 
the crucible heated slowly. The lead monoxide is reduced by the carbon so 
that 1 grm. of reduced lead represents 0*029 grm. of graphite or, otherwise, 
0*2727 grm. of graphite is represented by a loss in weight of 1 grm. Quite 
good results can be obtained by this process if care be exercised in selecting 
the lead monoxide and if the sample be free .from sulphides. 

The sample can be readily powdered in a hardened steel mortar with a ball 
pestle (fig. 39), and finished in an agate mortar. The wet combustion process 



Asbestos^ k- Copper Oxide Asbestos 

Plug Plug 


Fuj. 13*2. — Diajiirammatic Sketch of Combustion Tube. 

gives rather low results.^ Hence it is best to determine the carbon by the 
dry combustion process as given on page 634. The following modifications 
are desirable. Mix 0*2 to 0*3 grm. of the powdered sample with a generous 
excess of ignited powdered copper oxide ^ and transfer the mixture to the 
porcelain boat. Insert the boat in the combustion tube and, at a short 
distance behind it, place a roll of oxidised cop})er gauze, 13 cms. long, bound 
with copper wire arranged with a hook at one end. The roll should slide 
easily into the combustion tube ^ — see fig. 132. The lead chromate is replaced 
by copper oxide. The combustion is conducted as indicated on page 635.^ 
When silicon carbides are absent, the loss on ignition,^ silica, etc., can be 
determined as for clays.® 

^ J. Widmer, Zeit, anal. Chem., 29 , 160, 1890; Vhem. News, 62 , 274, 1890. J. Goldstein, 
(Chem. Ztg., 35 , 1134, 1911) considers that the combustion with sulphuric and chi*omic acids 
in a Corleis’ flask, page 616, gives best results. 

^ S. S. Sadtler {Joum. Franklin InM., 144 , 201, 1907) mixed powdered graphite with an 
accurately weighed quantity of ignited magnesium oxide to prevent the fusion or agglomera- 
tion of the ash while the graphite was being ignited in a slow cuirent of oxygen in a crucible. 
F. Browne (Chem. News, 98 , 51, 1908; 100 , 12, 1909) estimates carbon in graphite by ignition 
of a weighed sample with ferric oxide. The latter is at first reduced, but is afterwards oxidised, 
so that it remains at the end of the combustion the same as at the beginning. Hence the loss 
in weight represents the carbon. 

® The copper gauze should be heated in a Bunsen dame so as to burn off oil and com- 
bustible matters. E. Calberia (Journ. prakt. Chem,., ( 1 ), 104 , 232, 1869) prefers silver gauze. 

* The tube should be heated in a current of oxygen before the boat is introduced in order 
to bum out every particle of dust and remove all moisture. 

* F. Stolba, Dingier" a Joum., 198 , 213, 1870. Due allowance must be made for the 
carbon. 

® F. Mayer (Chem. Ztg., 35 , 1024, 1911) estimates the amount of carbon in graphite from 
its calorific power. For the volumetric determination of carbon in graphite, see E. S. 
von Bergkampf and L. Harant, Zeii. angew, Chem., 43 , 333, 1930. 


CHAPTER XXX TX. 


THE DETERMINATION OF WATER. 


§ 312. Brush and Penfield’s Method. 

It is somotinics desirable to determine directly the amount of water evolved 
when clays and related materials are ignited, although the determination is 
seldom asked for in industrial 
work. Brush and Penfield ' 
conduct the process in the 
following way: — One or two 
bulbs are blown on a piece of 
hard glass combustion tube 
about 25 cm. long, with an 
internal diameter of about ()•(> 
cm., as shown in the diagram, 
fig. 133. Air is blown through 
the hot tube by means of a 
piece of glass tubing reaching 
nearly to the bottom of the 
combustion tube so that the 
tube may be thoroughly dried. 

Weigh the tube with its sup- 
port.^ Introduce about 0-5 grin, 
of the powdered sample by 
means of a thistle funnel, «, 
fig. 134,^ without soiling the 
tube away from the closed 

end. The powder should occupy 2 or 3 cm. of the tube. 





rlT" 
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1 

Hv, 




— 
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Fig. 133.- 


Determination of Watcr- 
I'rocess. 


-Penfield's 


Weigh the tube, 


^ G. J. Brush, Awer. J. ScicriCH, (1), 46 , 240, 1868; S. L. Penfield, fc 6 ., (3), 48 , 31, 1894; 
Zeit. anorg, Chcni,, 7 , 22, 1894; F. A. Gooch, Amer. Chern. Jmm.., 2 , 247, 1880; W. F. 
Hillebrand, Bull. U.S. Oeol. Siir., 700 , 77, 1919; W. F. Hillebrand and G. E. F. Lundell, 
Applied Inorganic An/ilyeisy New York, 690, 1929. K. I. Viskont and T. P. Alimann (Trans. 
Inst. Ecmi. Mineral Met., Moscow, No. 40, 1928; Zeit. anal. Chem.^ 79 , 271, 1929) modify 
the process when determining the water in micas as follows: 0*3 grin, of the sample is weighed 
in a platinum boat, a few crystals of potassium chlorate are added and the whole covered 
with a layer of pure sodium tungstate. The boat is placed in a Penfield tube, and in front 
of it is inserted a plug of spongy asbestos and another of granulated lead oxide, wrapped in 
platinum gauze, to retain volatile constituents such as fluorine. Compare 8 . B. Kuzirian, 
Amer. Jmirn. Sci.^ (4), 36 , 401, 1913. For a general study of the subject, see G. N. Huntley 
and J. H. Costc, Journ. S(}C. Chem, Ind,^ 32 , 62, 1913; J. A. P. Cresfield, Joum. Fr-anlclin 
hisi.f 172 , 496, 1911; E. H. Archibald and J. N. Lawrence, Joum. Ind. Eng. Chem.y 4 , 268, 
1912; M. Dittrich, Zeit. anorg. Chem.f 78 , 191, 1912; P. Schlapfer, Zeit. angew. Chem., 27 , 
62, 1914. 

* For a brass tube support for weighing on the balance pan, see fig. la, page 6. 

* Can be made from a small pipette. 

641 41 
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support and sample together. Take care not to roll the powder in the tube 
towards the bulbs.^ The open end of the tube is fitted with a piece of rubber 
tube holding a glass tube drawn out to a capillary end, by fig. 134. Tap the 
tube so as to form a free passage for steam and gases above the powder. 
Support the tube with a very slight slope downwards from the closed end; 
wrap a strip of filter-paper or cloth about the bulb and tube near the open end 
— fig. 133. Keep the filter-paper moist and cold so as to ensure condensation 




Via. 134 . 


of the moisture expelled from the powder. The powder is now heated gradu- 
ally up to the full heat of the burner. If the heated end tends to sink, turn the 
tube around from time to time.^ In about 15 minutes, drive any water from 
the closed end of the tube a safe distance into the bulbs and draw off the closed 
end in a blowpipe flame. Let the portion of the tube containing the water 
cool in a horizontal position. When cold, wipe the outside clean ® and weigh. 
Blow the moisture from the w^eighed tube by placing a small tube inside it 
and reaching to the bottom. The loss in weight represents the total moisture. 

The weighings are recorded as given in the following example: 

Weight of tube plus powder .... 69*9214 gnus. 

Weight of empty tube ..... 69*4321 grins. 

Weight of powder ..... 0*4893 grin. 

Weight of portion containing water . . . 20*8242 grins. 

Weight after expulsion of water . . . 20*7997 grins. 

Weight of water ..... 0*0245 grm. 

Hence the sample contained 5*01 per cent, of water. 

§ 313* Jannasch's Process for Water. 

Jannasch ^ determines the moisture in the presence of sulphur and fluorine 
by fusing the substance with about six times its weight of lead oxide and 
collecting the water evolved in calcium chloride tubes. The other gases are 
said to be retained by the lead oxide. A hard glass tube, 26 cm. long, with an 

^ If the sample has not been dried, it may now be dried at, say, 109® and the system 
weighed again for “water lost at 109®.” 

* For minerals like talc which do not give up all their water even when blasted, Penfield 
uses a cylinder of platinum foil (about 0*07 mm. thick) sprung tightly inside the part of the 
glass tube which is to be heated intensely, so as to prevent the glass squatting. The outside 
of the tube is surrounded with a piece of asbestos board. The end of the tube to be heated 
is partly surrounded with blocks of charcoal and fireclay so arranged that the tube is in a small 
furnace, which, later on, can be heated by a blast gas blowpipe. 

® Beware of electrification of the tube on wiping. 

* P. Jannasch, Praktischer Leiifaden der Oewichtsanalyse, Leipzig, 367, 1904; P. Jannasch 
and P. Weingarten, Zeit. anorg. Chem., 8 , 362, 1896; F. Jannasch and J. Locke, t 6 ., 6 , 168, 
174, 1894; M. Dittrich and W. Eitel, » 6 ., 75 , 373, 1912; 77 , 365, 1912; Sitzber, Heid^ger 
Ahad, Wisely 19, 1911; W. Eitel, Die. Bestimmwng dea Wasaera in SUikat-Mineralien und 
Oeateinen, Frankfurt a. M., 1912; M. Dittrich, Zeit, anorg, Chem,, 78 , 191, 1912; A^ Faber, 
Zeit, angew, Chem,, 42 , 406, 1929. 
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internal diameter of 1 cm., has a long bulb, A, blown about 11 cm. from one 
end. The bulb must have thick walls, and the whole tube he thoroughly dried. 
In fig. 135, c is a loosely packed layer of lead dioxide and lead monoxide 
(page 618) about 5 cm. long, kept in position by plugs of glass-wool b, h» The 
object of the lead oxides is to retain the chlorine, fluorine and sulphur. This 
part of the tube must be kept hot while an experiment is in progress. 

From 0*5 to 1 grm. of the powder is mixed with six times its weight of lead 
monoxide ^ on glazed paper and the mixture is transferred to the middle of 



Fio. 135. — Direct Determination of Water. 

the bulb A by means of a long strip of glazed paper and a feather. The 
operation requires care. No powder must be lost and none left sticking to the 
sides of the tube.^ The right hand end of the tube is connected to a Sauer’s 
drying train, H (page 632), for the removal of moisture and carbon 

dioxide from the aspirated air. The other end of the tube is attached to a 
weighed calcium chloride tube C and a weighed potash bulb D with its calcium 
chloride tube E. F is a guard tube which is connected to the aspirator via G, 

Aspirate a slow current of air through the system and then raise the 
temperature of the bulb and contents gradually and finally finish the ignition 
at a full red heat. The calcium chloride absorbs the water; - the potash, 
the carbon dioxide. After about 10 minutes’ ignition the reaction should 
be completed. Let the tube cool in a current of dry air freed from carbon 
dioxide. The tube C and the set of bulbs DE are then weighed. The 
increases in weight in the respective tubes represent the absorbed water and 
carbon dioxide. 

The simultaneous determination of carbon or carbon dioxide and moisture 
has been discussed on pages 631-5. Assuming that the hygroscopic moisture 
has been expelled by drying the sample at 110°, a certain proportion of the 
remaining water in carbonaceous clays will be derived from the clay and the 
remainder from the organic matter. In such cases, digest a weighed portion of 
the sample with a mixture of two volumes of fuming hydrofluoric acid and one 
volume of hydrochloric acid (sp. gr, 1*18); evaporate to dryness. Repeat the 

' Freed from carbon dioxide by heating in a wrcelain tube. 

■ For the amount of moisture which calcium chloride, sulphuric acid and phosphoric oxide 
leave iii a gas, see page 100. 

* E. Ludwig, TachermaEs MiU,f (1), 2, 214, 1876; Zeit. anal, Chem,^ 17, 206, 1878; 
L. Sipdes, ib,, 17, 2^7, 1878; SUzber. K,K, Akad, Wisa, Wien, 86, 61, 1877. The former used 
a platinum tube; the latter, a platinum boat. 
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operation three times. Digest the residue with hot water, filter through an 
asbestos-packed Gooch crucible or carbon tube, wash and dry at 110 °. After 
weighing, the carbon may be detached from the filter and the ratio of carbon 
to hydrogen determined by combustion of the organic matter to carbon 
dioxide and water.^ Jannasch’s process or one of the methods indicated in 
the preceding chapter may be used for the combustion. 


Example. — A carbonaceous day gave the following percentage results : — 


JannascEs jirocess . 

. Total water .... 

. 14-21 

Lissner s process 

Total organic? matter . 

4-32 

Combustion process . 

. Carbon (calculated from CXlg) 

. 4-16 


Hydrogen (calculated from HgO) 

. 0-10 


Organic Matter . 

. 4-26 


Hence, 4*26^ grms. of organic matter have 4*16 grms. of (carbon, and 010 grm. of hydrogen. 
But 010 grm. of hydrogen corresponds with 0 00 grm. of water. Hence, the sample 
of clay contained ; 

Water ....... 13-31 per cent. 

Organic matter ...... 4-32 jkt ctuit. 

These numbers can only be regarded as an apprcLximate representation of what they 
are supposed to designate. 

According to Danne,^ the amount of moisture can be determined in many 
substances by heating them with calcium carbide and measuring the volume 
of acetylene obtained. The method has been extended to the determination 
of the “water of crystallisation” in many salts. The method has also been 
modified by allowing the acetylene to escape and estimating the water from 
the loss in weight of the ai:)paratus owing to the esca})e of acetylene. 

§ 314, Lindner^s Process. 

Lindner^ has sliown that water can be determined volumetrically by 
interaction with a-naphthyldichlorophosphine oxide, C10H7.POCI2, whereby 
one molecule of hydrogen chloride is evolved for every molecule of. w^ater 
which reacts. Dittler and Hueber ^ have applied this method to the deter- 
mination of small quantititis of water and of carbon dioxide in silicates. They 
state that in the analysis of micas and epidotes the process is capable of much 


^ A. Lissner, Chmn. Ztg., 34, 37, 1910. See page 585. 

* The difference between 4-32 and 4*26 represents analytical errors, or oxygon and 
nitrogen. 

3 H. A. Danne, Proc. 80c. Chem. Pul. Victoria y 1900; P. W Dupre, Analysi, 30, 266, 1905; 
31, 213, 1906; 11. A. Cripps and J. A. Brown, ib., 34, 519, 1909; I. Masson, Journ. Chem, 
Soc.y 97, 851, 1910; Chem. NewM, 103, 37, 1911; A. C. 1). Rivett, ib., 104, 261, 1911; H. C. 
McNeil, Chem. Eng., 16, 38, 1912; W. D. Haigh, Sci. Proc. Boy. jMblin Eoc., (2), 14, 529, 
1915; R. W. Roberts and A. Frazer, Joum. Soc. Chem. hid., 29, 197, 1910; E. A. Fisher 
and J. Thomlinson, ih., 51, 355T, 1932; F. H. Campbell, ib., 32, 67, 1913; H. C. Freeman, 
Brit. Pat. 335,308, 1929; 8. Stanworth, Trans. Cer. Soc.y 32, 443, 1933; W. Franke, Braun^ 
kohle^mrch.y 36, 39, 1932; Chem. Zentr., (2), 2770, 1932; I. C. Allen and W. A. Jacobs, 
Eighth Inter. Cong. App. Chem., 8, x, 17, 1912. For the use of calcium hydride, see 0. Note* 
varp, Zeit. anal. Chem., 80, 21, 1930; C. K. Rosenbaum and J. H. Walton, Journ. Amer. 
Chem. Soc., 52, 3568, 1930. For Grignard’s reagent, see A. Taubmann, Zeit. anal, Chem., 
74, 161, 1928; T. Zerewitinoff, ib., 50, 680, 1911. 

* J. Lindner, Zeit. anal. Chem., 66, 305, 1925; 86, 141, 1931. 

® E. Dittler and H. Hueber, Zeit. anorg. Chem,, 195, 41, 1931; 199, 17, 1931. E. P. Bell 
(Journ. Chem. 80c., 2903, 1932) states that the isomeric substance, a*naphthoxydichloro* 
phosphine, C10H7O.PCI,, dissolved in a neutral solvent, such as benzene or phenyl bromide, 
reacts much more readily with water vapour than does a-naphthyldichlorophosphme oxide. 
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greater precision than the usual gravimetric methods, but that its application 
is limited to substances of low water content. 

The experimental details are as follows: — A weighed quantity (0*l-0'2 grm.) 
of the mineral is heated with powdered quartz and the evolved gases are 
passed into a-naphthyldichlorophosphine oxide. The hydrogen chloride, 
resulting from the hydrolysis 

C10H7.POCI2 + 2H2 O - CioH 7.PO(OH)2 + 2HC1 
together with any carbon dioxide, are absorbed in a measured excess of 
0*01N-barium hydroxide. The excess of barium hydroxide is titrated with 
O-OlN-hydrochloric acid, using phenolphthalcin as indicator. The difference 
between the volume of the barium hydroxide solution taken and that unused 
is equivalent to the sum of the evolved hydrogen chloride and carbon dioxide. 
To determine the carbon dioxide, the neutralised solution is boiled with a 
known excess of standard hydrochloric acid until the precipitated barium 
carbonate has been decom})osed and all the carbon dioxide expelled from the 
solution. The excess of acid is then determined by titration with standard 
barium hydroxide. 

§ 315. Fractional Dehydration : Water Lost at Different 
Temperatures. 

Some zeolites and hydrated aliimino-silicates give off water ^ below 110°, 
and in that case the silicate can be heated at, say, 100°, 110°, 120°, 130°, . . . 



Fio. 136. — Fractional Dehydration. 


to find if the substance loses appreciable amounts of water at progressively 
higher temperatures. The results are then represented as ‘‘ water below 100°,” 
“water between 100° and 110°,” etc. When the water is to be determined at 
different temperatures in this way, a double walled copper cylinder is fitted 
up, as shown in fig. 136, with a thermo-regulator, A, and thermometer, B. 

’ For the gases in silicates, see A. P. Lidoff, Zeit. amJ. Ohem., 46 , 357, 1907 ; R. T. Chamber- 
lain, The €kme in Rocket Washington, 1908. 
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A glass tube, say 30 cm. long and 3*5 or 4 cm. wide, is closed at one end by a 
hollow ground glass stopper which is fused to a stopcock C, The other end 
of the glass tube is drawn out and connected to a drying tower, E, 

The copper cylinder has an outer jacket of asbestos. The glass tube is 
plugged in the copper tube with carded asbestos. By adjusting the thermo- 
regulator, any material, placed in a small squat uncovered weighing bottle, 
resting in the glass tube, can be heated in the furnace to any desired tempera- 
ture for any length of time wliile a current of air is drawn through the 
apparatus. The air is dried by passing it through a drying tower, E. This 
tube is packed with soda lime and calcium chloride, the former to remove 
carbon dioxide, the latter, moisture. A weighed calcium chloride tube, F, is 
placed at the end C to absorb any moisture driven from the substance in the 
weighing bottle. The increase in weight of this tube during an experiment 
represents the moisture driven from the substance. The result may also be 
checked by finding the loss of weight of the weighing bottle. The two may 
not necessarily coincide, since volatile substances other than water may be 
driven off. The small bulbs g contain sulphuric acid. These show the rate 
at which air is passing through the apparatus, by counting the number of 
bubbles per second.^ 

If the cock C be closed, and the other end connected with a suction pump, 
the substance can be heated under reduced pressure. Jn that case, the tube F 
is fitted to the opposite end of the glass tube. 

Guttmann’s ^ weighing bottle, fig. 137, is useful for heating substances to a 
constant weight in a current of gas, and hence determining the loss in weight 
on heating to different temperatures. The gas entry and exit tubes have 
ground caps for j^rotecting the contents from air during the weighing. 

Meyer’s " vapour bath or oil bath is useful when a small amount of a 
substance is to be heated to a given temperature below about 200°. The })ath 


' J. W. Mellor (Trans. Ce.r. 80c., 7, 114, 1908) describes a method for heating the tube 
electrically at any desired temperature. If the joints of the furnace in the preceding diagram 
be brazed, and the thermo-regulator, replaced by a reflux condenser, liquids of known 
boiling-points can be used. For instance : 


Table LIX. — Liquids for Vapour- Bafhs. 


Liquid. 

Temperature 

available. 

1 

Benzene ..... 

80-81° 

Water . . . . . 

99-100' 

Toluene ..... 

109-112° 

Ethyl w-butyrate 

120-121° 

Amyl alcohol .... 

128-132° 

Xylene ..... 

139-141° 

Cumene ..... 

152-153° 

Pseudocuraene .... 

165-168° 

p-Cymene ..... 

175-177° 

Aniline 

180-184° 

Dimethylaniline .... 

191-193° 

Nitrobenzene .... 

209-210° 


The temperature of the inner chamber is generally 2® to 5® lower than the boiling-point of the 
liquid in the outer chamber. 

* L. F. Guttmann, Joum, Amer. Chem, 80c., 28, 1667, 1906. 

* V. Meyer, Ber,, 18, 2999, 1885; A. Fock, 18, 1124, 1886. 
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is shown in section in fig. 138. A porcelain cylinder is placed inside a double- 
walled copper cylinder. The crucible containing the substance under in- 
vestigation is placed in the inner cylinder. A suitable liquid is placed in the 
copper vessel. The latter is fitted with a condenser, 0. A small flame and a 



Fuj. li{7. — Giittmann’s Weighing Bottle. Fiu. 138. — Meyer’s Vapour Bath. 

small amount of liquid are needed for the work. For temperatures higher than 
200°, oils may be used. A current of air circulates outside the inner cylinder, 
entering at a and leaving at h. 

It seems fairly certain that some clays lose more moisture when dried 
under reduced pressure over sulphuric acid^ than when they are heated to 
constant weight in the hot oven, fig. 58, page 134. Skertchly ^ has shown 
that many organic substances behave similarly. 


^ E. Lowonatein, Zeit. anorg. Ghem., 63, 69, 1909. 

® W. P. Skertchly, Journ, Slk, Chem, Ind,, 32, 70, 1913. Compare T. F. Winmill, Trans, 
Inst. Min, Eng.f^iy 484,*‘l916. 



CHAPTER XL. 


THE DETERMINATION OF BORON. 

§ 316. The Detection of Boric Oxide. 

The following remarks on tins subject supplement those given in the regular 
text-books on qualitative analysis. It is generally necessary to get the borate 
in a soluble condition. This is done by fusing the borosilicate with five to ten 
times its weight of sodium carbonate and extracting the cold mass with water. 

The Alcohol Flame Test . — Boric acid dissolves in alcohol and the solution 
burns with a flame tinged with green. Similarly, if a borate be decomposed 
by treatment with an acid ^ and the mass be mixed with alcohol, the alcohol, 
when ignited, burns with a greenish flame. The test is carried out by igniting 
the mixture on a watch-glass.^ It is jmssible to detect 0*001 per cejit. of boric 
oxide in a solution by the flame test, and a glaze containing 0*1 per cent, of 
boric oxide will give a distinct reaction. 

If copper be present, the test is not satisfactory. The copper must be first 
removed by hydrogen sulphide. Barium salts also colour the flame green. If 
sulphuric acid be used to decompose the borate, non-volatile barium sulphate is 
formed and barium does not then interfere with the test. When copper or 
barium is present, the flame test is best made by placing the mixture in a six- 
inch test tube fitted with a cork and gas-jet as illustrated in fig. 139. The test 
tube is heated and, when the alcohol begins to boil, the issuing vapours are 
lighted with a second burner. The copper and barium do not then interfere. 
If metallic chlorides be present, ethyl chloride may be formed and this colours 
the flame green, thus spoiling the test. This difficulty is easily avoided by 
using sulphuric or nitric acid, not hydrochloric acid. 

The Glycerol Flame Test .^ — The powdered and calcined borate is moistened 
with sulphuric acid and heated on platinum foil until the acid is expelled. 
Moisten the mass with glycerol and light. The glycerol burns with a green 
flame if boric oxide be present. The glycerol test will indicate 0*001 per cent, 
of boric oxide. For the disturbing agents, see the alcohol flame test. 

Turmeric Test . — If a borate be just acidified with dilute hydrochloric acid, 
and a strip of turmeric paper ^ be half immersed in the solution, no apparent 

^ The borate is supposed to be decomposable by treatment with acids — sulphuric, hydro- 
chloric or hydrofluoric acid; or by a mixture of ammonium nitrate and chloride; sulphuric 
and hydrochloric acids; or sulphuric and nitric acids. If methyl alcohol be used, the acid treat- 
ment is unnecessary, even with borax — E. Pieszezek, Pharm. Centr., 83 , 362, 1913. 

* H. Bomtrftger, Zeit. anal. Ghent., 39 , 92, 1900; M. Bidaud, Compt. rend., 76 , 489, 1873; 
80 , 387, 1875; M. Dieulafait, ib., 85 , 605, 1877; Ann. Chim. Phys., (5), 12 , 318, 1877; A. 
Gabriel and H, G. Tanner, Journ. Amer. Chem. 80c., 50 , 1385, 1928: W. Stahl, iMtvij Univ. 
Baksti, I, 369, 401, 1930; Zeit. anal, Ghent., 83 , 340, 1931. 

» M. W. lies, Amer. Chem., 6 , 361, 1876; H. Gflm, Ber., ix, 712, 1878. 

♦ Turmeric paper gives a brownish colour with alkalies, yellow with acids. E. Schlumberger, 
Bull. Soc. chim., (2), 5 , 194, 1866; P.lLulisch, Zeit, angew. Chem., 7 , 147, 1894; H. Jay and 
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change occurs; but if the paper be dried on a watch-glass at 100°, the half 
which has been dipped in the boric acid shows a peculiar brownish-red colora- 
tion. If but a small trace of boric oxide be present, the stain may be pink. 
The colour remains when the stain 
is dipped in boric acid again, or in 
dilute sulphuric or hydrochloric 
acid. The brown stain produced 
by alkalies changes into yellow 
under these conditions. If too 
little acid be used, there may be 
no coloration; if too much, the 
colour may be brown. If the boric 
acid stain be touched with a solu- 
tion of potassium hydroxide, the 
paper becomes bluish -black or 
bluish -grey, according as much or 
little boric acid be present. A little 
hydrochloric acid will restore the 
red colour. As little as 0-0001 grm. 
of boric acid can be detected by the 
(pink) colour produced in this way. 

Oxidising agents like chlorates and 
chromates interfere with the test 
by destroying the turmeric. Nitric 
acid is an exception. Iodides ^ 
also interfere. Concentrated hy- 
drochloric acid may give a dark 
brown stain under the conditions 
of the test; ferric chloride, molyb- 
denum and zirconium salts give a brownish-red stain which is not coloured 
bluish-black with potash solution. 

Still smaller amounts of boric oxide can be detected if needed by placing 
the solution under investigation in a small porcelain dish and evaporating it to 
dryness in a desiccator in vacuo at a low temperature. If a few drops of an 
alcoholic extract of a few turmeric papers be mixed in the dish with the borate, 
the solution acidified with acetic acid and evaporated to dryness on a water 
bath, a reddish-brown residue will be obtained if as little as 0*0002 grm. of BgOg 
be present, while 0*00002 grm. will produce a perceptible coloration. ^ 

M. Dupasquier, Monit, Scient., 9, 709, 1895; G. Bertrand and H. Agulhon, Ann. Chim. anal., 
IS, 45, 1910; Bull. Soc.. chim., (4), 7, 90, 1910; Vompt. rend., 157, 1433, 1913; 158, 201, 1914; 
H. Fonzes-Diacon and R. Fabre, ib., 158, 1541, 1914; N. Camus, Anal. Soc.. Quim. Argentina, 
2, 123, 1914; H. Hawley, Analyst, 40, 150, 1915; E. M. Chamot and H. I. Cole, Joum. Ind. 
Eng. Chem., 10, 48, 1918; W. W. Scott and S. K. Webb, ib.. Anal. Ed., 4, 180, 1932; N. A. 
Tananaev and 0. A. Kul’s’ka, Ukrain Khem. Zhur., 9, Wiss.-te.ch., Teil, 1-15, 1934. 

1 Chlorates and chromates may be reduced by treating the solution with solid sodium 
sulphite; add hydrochloric acid and warm the solution to drive off the excess of sulphurous 
acid. Filter, if necessary, and boil the filtrate with a slight excess of sodium carbonate, 
dilute and filter. Iodides, if present, may be removed by precipitation with silver nitrate in 
a solution acidified with nitric acid. The addition of 5 grms. of urea per 100 c.c. of solution 
inhibits the effects of nitrites; nitrates do not interfere — ^T. M. Price and E. H. Ingersoll, 
Bull. U.S. Dept. Agric. {Chem.), 137, 116, 1912. 

* M. Ripper, Weinbau Weinhandl., 6, 331, 1888; P. Kulisch, Zett. angew. Chem., 7, 187, 
1804; V. Lenher and J. S. C. Wells, Journ. Amer. Chem. Soc., 21 , 417, 1899; H. Bomtr&ger, 
Zeit. Chem., 39, 92, 1900; W. H. Low, Journ. Amer. Chem. Soc., 28, 807, 1906; E. 
Sohlumberger, Bull. Soc. chim., (2), 5» 1866; L* Robin, ib., (4), I3» 602, 1913; G. Bertrand 

and H. Agulhon, Compt. rend., 157, 1433, 1913. 
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The Boron Fluoride Test . — If the powdered borate be mixed with a few 
drops of water and approximately three times its weight of Turner’s flux ^ and 
the paste be exposed on the loop of a platinum wire in the outer mantle of 
a Bunsen flame, the boron fluoride which is formed imparts a greenish tinge to 
the flame. The reactioti will detect 0-01 per cent, of B2O3 in a silicate. ^ 


§ 317. The Determination of Boric Oxide. 

In 1851, Rose ® stated that the quantitative determination of boric oxide 
was so very difficult that up to that time no method had been devised which 
gave a direct result.^ The problem has since been solved, but the process is 
difficult and laborious. Rosenbladt ® thinks this “ one of the most complicated 
operations in analytical chemistry.” Vogt ® estimated the boric oxide in silicates 
by difference after the other constituents had been determined. This method 
is not recommended. Several indirect methods have been proposed.*^ The 
isolation of a definite compound of boric oxide from the assoc’iated constituents 
is a necessary preliminary for the successful determination of boric oxide. 
The removal of silica and alumina is particularly difficult. Ferric oxide and 
alumina, for instance, when precipitated by ammonia carry down some boric 
oxide.® The silica also is difficult to separate without loss of boric, oxide, 
because, if the mixture be treated wdth hydrofluoric and sulphuric acids in the 
usual way, boron is volatilised as boron fluoride. Conversely, if the acid 
treatment for the removal of silica be omitted, silica may contaminate the 
compound of boron which is finally weighed.^ Before dealing with complex 
silicates, it will be convenient to take simpler problems; and first, the volu- 
metric determination of boric oxide in boric acid. 

Volatilisation of Boric Oxide and Borax . — At the outset it is necessary to 
emphasise the fact that the substances now under investigation are somewhat 
volatile. For example, there is a difficulty in drying boric acid, since a 
comparatively large amount of boric oxide is lost. For instance, the loss of 


^ Turner’s Flux. — Mix finely powdered calcium fluoride or potassium fluoride with 4*5 
times its weight of potassium bisulphate. Hydrofluosilieic acid may be used in place of 
this flux if the borate is easily decomposed -~E. Turner, Edin, Phil. Jovrn.^ 14 , 124, 1826; 
Pogg. Ann., 6 , 489, 1826. When a substance containing a borate is mixed with this flux, 
it is supposed that fluoboric acid is formed which, being volatile, imparts a momentary green 
coloration to the edge of a flame. Three to four paits of the flux are taken to one of the 
substance under test. The test fails with sodium borate and 8 uccee<l 8 with most other 
borates and borosilicates, but these give a green flame, without Turner’s flux, per ae equally 
well— H. How, Chem,, News, 18 , 203, 1868; ib., 20 , 241, 1869; E. J. Chapman, Phil. Mag., 
( 6 ), 2 , 459, 1876; K. Buzengeiger, Ann. de Ckim., (2), 41 , 205, 1829. J. J. Berzelius also 
pointed out that axinite gives a green coloration per se. 

* E, J. Chapman, Chem. News, 35 , 12, 26, 36, 1877; C. le Neve Foster, ib., 35 , 127, 1877; 
H. Kammerer, Zeit. anal. Chem., 12, 376, 1873. For the spectrographic detection of boron, 
see A. de Grammont, Compt. rend., 166, 477, 1918; W. C. Holmes, Journ. Assoc. Off. Agric. 
Chem,, 10 , 522, 1927; J. S. McHargue and R. K. Calfee, Ind. Eng, Chem. Anal. Ed., 4 , 385, 
1932. 

* H. Rose, Ausfiihrliches Handbuch der analytische/n Chemie, Braunschweig, 2 , 721, 1851. 

* G. S. Smith (Analyst, 60, 735, 1935) has devised a colorimetiio process for the deter- 
mination of boric oxide by means of quinalizarin. 

* T. Rosenbladt, Zeit. anal. Chem., 26, 18, 1887. 

* G. Vogt, Ber. InUmat. Kongress angew. Chem., $, i, 738, 1904; H. Rose, l.c, 

’ A. Arfvedson, SchweiggePs Journ., (2), 8 , 1, 1802; F. G. Sohaffgotsoh, Pogg. Ann., 107 , 
427, 1859; J. J. Berzelius, ib., 2, 118, 1824; H. Rose, ib.. So, 261, 1850; K. Kraut, Zeit. 
anal. Chem., x, 73, 1862. 

« F. Wohler, Liebig^a Ann., 14X, 268, 1867. 

* E.g. in A. Btromeyer’s process (Liebig's Ann., loo, 82, 1856) every one part by weight 
of silica contaminating the final precipitate quadruples the calculated amount of borio oxide. 
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boric oxide on driving off the water of hydration from 1 grm., of boric acid 
was as follows^: — 

Water . 0-7808 0-7543 0-7492 0-7544 0-2885 0-2780 0-2783 grm. 

B2O3 lost . 0-1405 0-1358 0-1449 0-1508 0-0896 0-1034 0-1032 grm. 

Aqueous solutions containing boric acid, or solutions of borax acidified 
with sulphuric or hydrochloric acid, lose much boric acid when evaporated. In 
illustration, some of Tschijewski’s experiments might be quoted — 

B2O3 present . 0-6030 0-2638 0-1268 0-0323 0-0314 0-0095 grm. 

B2O3 lost . . 0-0522 0-0298 0-0278 0-0123 0-0114 0-0071 grm. 

on evaporation to dryness on a water bath.^ 

Borax also during calcination loses boric oxide. Thus, Waldbott ^ found 
that when 0-6532 grin, of borax glass was blasted: — 

Time . . 5 12 22 29 39 44 46 minutes. 

Loss . . 0-8 1-0 2-0 2-5 3-3 4-1 4-2 per cent. 

Starting with 2-1320 grms., 10 minutes’ calcination over an ordinary Bunsen 
burner gave no loss; 15 minutes over a moderate blast, with the crucible half 
covered, gave a loss of 0-0014 grm.; and over a strong blast, with the crucible 
open, 0-0073 grm. was lost. In a pottery oven, fired to Seger’s cone 9 (scheduled 
1280 ^^):-- 

Time . . .60 48 26 3 hours. 

Loss . . . 48-98 22-40 7-88 1-47 per cent. 

Hence boric oxide may also be lost when the “loss on ignition ” is determined. 


§ 318. The Evaluation of Boric Acid. 

An aqueous solution of boric acid can be titrated with a standard solution 
of sodium hydroxide. Unfortunately, owing to the feeble acidic properties of 
this acid, the pink colour of the indicator, phenolphthalein, is developed before 
all the boric acid is neutralised. If, however, the solution contains sufficient 
glycerol or mannitol,^ the boric acid all reacts with the sodium hydroxide to 
form sodium metaborate — 

NaOH + H3BO3 - 2H2O + NaB02 


‘ P. Tschijewski, Arch, Sci. phys, nai,, (3), 12 , 120, 1884; Bull. Soc. chim., (2), 42 , 324, 
1884; H. Lescoeur, Ann. Chim. Phys,, ( 6 ), 19 , 43, 1890; L. Kahlenberg and O. Schreiner, 
Zeit. phys. Chem., 20 , 547, 1896; F. W. Skirrow, id., 37 , 84, 1901; K. Bunsen, Liebig's Ann., 
in, 257, 1859; O. Hehner, Analyst, 16 , 141, 1891. 

* L. do Koningh, Joum. Arner. Chem. Soc., 19 , 385, 1897; F. G. Schaffgotsch, Pogg. Ann., 
107 , 427, 1859; J. A. Rose, Beitrdge zur Kenntnis der Borsdure urul iiber eine direkt gewichts- 
analytische Bestimmung derselben, Bonn a. Rh. (Erlangen), 1902; F. W. Skirrow, ZeU. phys. 
Chem., 37 , 84, 1901. 

* S. Waldbott, Joum. Amer. Chem. Soc., 16 , 410, 1894; E. Cramer, Tonind. Ztg,, x 6 , 
155,1892. See page 664. 

* D. Klein, Bull. Soc. chim., (2), 29 , 178, 195, 1878; Compt. rend., 86 , 826, 1878; 99 , 144, 
1884; M. Copaux, ib., 12 J, 756, 1898; A, Lambert, ib., 108 , 1016, 1889; A. Senior and 
A. J. G. Lowe, Pharm. Joum., (3), 8 , 819, 1878; W. R. Dunstan, ib., (3). 14 , 41, 1884; R. 
Sulzer, Deut.-Amer. Apoth. Ztg., 596, 1886; K. Jehn, Arch. Pharm., (3), 2 $, 250, 1887; (3), 
26 , 495, 1888; E. Donath, Chem. Ztg., 17 , 1826, 1893; E. H. Farrington, Bev. Interned. 
Falsif., 10 , 81, 1897; G. Denig^s, Joum. Phorm. Chim., ( 6 ), 6 , 49, 1897; V. Gasselin, Ann. 
Chim. Phys., (7), 3 , 1, 1884; C. Schwarz, Pharm. Ztg., 32 , 562, 1894; N. Tananaeff and 
D. Tsukerman, Joum. Muss. Phys. Chem. Soc., 41 , 14^, 1909; E, Salm, Zeit. phys. CJtem., 
57, 471, 1906; E. Salm and H. Friederthal, Zeit. Elektrochem., 13 , 128, 1907 ; C. L. A. Schmidt 
and C, P. F^gor, Joum. Phys. Chem., 12 , 413, 1908; N. Dhar, Zeit. anorg. Chem., 86, 196, 1914. 
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before the pink of phenolphthalein appears. The polyhydric alcohol aug- 
ments,^ so to speak, the acidic qualities of the acid in question, probably owing 
to the formation of a complex. 

Thomson ^ has a process for the volumetric determination of boric acid 
based on these phenomena. Dissolve, say, 7*5 grins, of the boric acid in about 
350 c.c. of water in a 500 c.c. flask, and make the solution up to the 500 c.c. 
mark with water. Pipette 50 c.e. into an Erlenmeyer’s flask; add 50 c.c. of 
glycerol,^ or a gram of mannitol,^ and titrate with approximately 0*5N-sodium 
hydroxide solution free from carbonates,® using phenolphthalein as indicator.® 

^ K. Farnsteiner, Znl. (hitertinch. Nahr. Gcthuss., 5, 1, 1902; A. Heythein and H. Henipcl, 
4*6., 2, 842, 1899; B. Fischer, 3, 17, 19(K); G. Ma^iianini, li. Acrad. Linvei, 6, 260, 411, 
1890; Gazz. Chim. ItnL, 20, 441, 448, 1890; 2I, ii, i:i4, 1891; Zvit. pht/s. Chem.. 6, 58, 1890; 
L. Kahlenberg and (). Schreiner, « 6 ., 20, 547, 1896; W. Vanbcl and E. Bcriiet, Chf'm. Zty., 
29, 629, 1905; A. Wogrinz and J. Kittol, Chf.m. Ztg., 36, 433, 1912; J. J. Fox and A. G. H. 
Gauge, Journ. Chem. Soc.^ 99, 1075, 1911. 

® R. T. Thomson, Journ. Sor. (%em. InJ.^ 12, 432, 1893; Analy-nt^ 21 , 64, 1896; A. H. 
Allen and A. R. Tankard, Jj., 29, 301, HK)4; F. W. Richardson and \V. K. W^alton, ib., 38, 
140, 1913; A. 8. Dodd, 26., 54, 645, 715, 1929; 55, 23, 1930; M. Barthe, Journ. Phmrn. 
Chim.f (5), 29, 163, 1894; M. Vadam, ib.^ (6), 8, 109, 1898; M. Honig and G. 8pitz, Z(4t. 
migeiv. Chem.^ 9, 549, 1896; G. Jorgensen, »7>., 10, 5, 1897; N. Tananac-iff and I). Tsukerman, 
Journ. Rufis. Phys. Chnn. Soc., 41, 1469, 1909; P. Nicolardot iiiid »l. Boiidct, Bull. Boc. chim.^ 
(4), 21, 97, 1917; J. Prescher, Zeif. Nnhr. Genussm., 36, 283, 1918; P. Janmisch and F. Noll, 
Journ. prokt. Chevi.^ (2), 99, 1, 1919; H. Rath, Naiurproduktr, 134, M123; L. A. Congdon 
and J. M. Rosso, ('hem. News^ 129, 219, 1924; M. Cikrtova and K. Sfindtu'a, Vhcm. Liaty, 
19, 179, 1925; R. Schmidt, Bprechmal^ 59, 541, 1926; Chnn. Zrntr.^ (2), 2010, 1926; G. 
Vastagh, Magyar Chem. Pol.y 37, 55, 1931; E. Schulek and G. Vastagh, Zeit, anal. Chem.^ 
84, 167, 1931;‘ F. J. Foote, Ind. Eng. Chem. Anal. Ed., 4, 39, 1932; 1). .1. Pflaum and H. H. 
Wenzke, t7>., 4, 392, 1932; J. C. Krantz and C. J. Garr, Journ. Amer. Pharm. A.s’2«or., 21, 350, 
1932; F. L. Hahn, R, Klockmann and R. Schultz, Zeit. anorg. allgem. (■hem.. 208, 213, 1932; 
E. Vincko, Chem. Ztg.^ 57, 695, 1933; R. S. Ashel'rod and M. L. Erukhimova, ZavmUkaya 
Lab., 3, 121, 1934. 

® Glycerol Solution. — Glycerol 10, water 1, by volume*. The glyc(*rol must be free 
from fatty acids or the fatty acids must l)e neutralised just befon^ use with 0* IN -sodium 
hydroxide solution. Glycerol usually becomes acid on keeping, possibly owing to the slow 
decomposition of fatty impurities. For the solubility of boric a(*id in aqueous glycerol, see 
W. Herz and M. Knoch, Zeit. anorg. Chem,, 45, 262, H)05; P. Mueller and R. AlK?gg, Zeit. 
phys. Chem., 57, 514, 1906. 

* Mannitol (M. Vadam, Chem.. News, 78, 271, 1898; L. C. Jones, Amer. J. Scienee, (4), 
7, 127, 1899; Chem. News, 80, 65, 1899; A. Griin and H. Nossovitsch, Monats., 37, 409, 
1916; A. kS. Dodd, Analyst, 55, 23, 1930; G. Vastagh, Magyar Chem. Pol., 37, 55, 1931; 
E. Schulek and G. Vastagh, Zeit. anal. Chem., 84, 167, 1931; F. J. Foote, Ind. Eng. Chem. 
Anal. Ed., 4, 39, 1932; D. J. Pflaum and H. H. Wenzke, ib., 4, 392, 1932) is more convenient 
than glycerol. It is solid, easily handled, does not alter the bulk of the solution and is not 
so liable to contamination with acids. The end-point is also a little sharper. The results 
are quit© as accurate as with glycerol. The choice is therefore a matter of convenience. 
L. E. lies {Analyst, 43, 323, 1918) recommends manna; G. van B. Gilmour {ib., 49, 676, 
1924), invert sugar; L. S. Weatherby and H. H. Chesney {Ind. Eng. Chem., 18, 820, 1926), 
glucose. 

* Carbonates interfere with the indicator and react: 2B2O3 + Na2C0s = Na2B407 +COj. 
Hence, a little barium hydroxide is sometimes added during the preparation of the sodium 
hydroxide solution. See discussion, page 52. F. P. Venable and J. S. Callison {Chem. Ztg., 
14, 167, 1 890) report as much as 0-06 per cent, of boric oxide in caustic soda and caustic potash 
sold as “pure.’* M. Gorges, Journ. Pharm. Chim., (6), 3, 346, 1896; P. .lannasch and F. Noll 
{Journ. prakt. Chem., (2), 99, 1, 1919) titrate with alcoholic sodium ethoxide solution and 
thus eliminate the interference of carbon dioxide. 

^ Other indicators have b€^en recommended: litmus (J. L. Gay-Lussac, Anyi. Chim. Phys., 
(2), 40, 398, 1830. See F. Fichter, Journ. Chim. phys., I3|, 399, 1916); laemoid (R. T. 
Thomson, Chem. News, 47, 123, 135, 1883); congo red (C. Schwarz, Pharm. Ztg., 37, 562, 
1887); helianthine (F. Parmentier, Compt. rend., 113, 41, 1891); orceino (M. de Luynes, 
Ann. Chim. Phys., (4), 6, 184, 1866); hsematoxyline (A. Guyard, Bull. Soc. chim., (2), 40, 
422, 1883); Porrier’s blue (R. Engel, ib., (2), 45, 327, 1886; Compt. rend., I02, 214, 262, 
1886); tincture of red rose leaves (M. Barthe, Journ, Pharm. Chim., (5), 29, 163, 1894); 
tinoture of mimosa blossoms (L. Robin, Ber. IrUemat. Cong. App. Chem., 8, i, 429, 1912). 
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When the pink colour appears, add 10 c.c. of glycerol, or another gram of 
mannitol. If the pink colour disappears, continue the titration with the 
sodium hydroxide. Repeat the addition of glycerol or mannitol and titration 
until the pink colour persists when more mannitol or glycerol is added. 

Example. —23*7 (;.c. of a ()-5N -solution of sodium hydroxide were required for a 
titration. This solution contains 20 00 grms. of NaOH per litre, which, according to 
the equation: NaOH f HaBOy- 2H20 + NaB02, corresponds with 30*92 grms. of HaBOa 
per litre, or 1 c.c. of the standard solution is equivalent to 0*03092 grm. of H3BO3. 
Hence, 23*7 x 0*03092 0*7328 grms. of H3BO3 per 50 c.c.; or 14*656 grms. per 1000 
C.C.; or per 15 grms. of the samjile. Hence, the sample has 97*7 per cent. H3BO3. 

According to Prideaux,^ tropaoolin O (sodium p-benzeneazoresorcinol sul- 
phonate — 0*5 c.c. of a 0*04 j)er c(mt. solution for a total volume of about 68 c.c.) 
is the best indi<.‘ator to use since titrations can be made accurate to ±1 per cent, 
in dilute or concentrated solutions, with or without the addition of sodium 
chloride and possibly with or without the addition of glycerol or mannitol. 

Will and Zschimmer ^ titrate the boric acid with baryta water; Smith® 
adds standard manganese sulphate and titrates with standard potassium per- 
manganate; and Jones ^ liberated iodine from a mixture of potassium iodide 
and iodate in presence of boric acid and mannitol, and determined the iodine 
by titration with sodium thiosulphate.^ 


§ 319. The Evaluation of Borax. 

Solutions containing boric acid are neutral to p-nitrophenol and to methyl 
orange, but acid towards phenolphthalein - particularly in the presence of 
mannitol or glycerol. Hence, if hydrochloric acid be added to an aqueous 
solution of borax, using p-iiitrophenol or methyl orange as indicator,® the 
solution will react acid only when all the boric acid is free and all the soda is 
neutralised by the hydrochloric acid. The reaction is represented: 

NagB/), + + 21101 - 2 NaCl -f 4 H 3 BO 3 

The boric acid can then be titrated as just indicated above. The determination 
is made in the following way: — 

* E. B. R. Prideaux, Zeit, anorg. Chem.^ 83, 362, 1913. 

* H. Will, Arch. Pfuirm., 225, 1101, 1887; R. Hefemann, PJtarm. Centr., (2), 9, 116, 
1888; E. Zschimmer, Chem. Zig., 25, 44, 67, 11K)1. 

® E. F. Smith, Amer. Chem. Journ,, 4, 279, 1883; Chem. Neivs, 46, 286, 1882; J. Volhard, 
Liebig's Ann., 98, 318, 1879; 0. Bodewig, Zeit. ami. Chem.., 23, 143, 1884; G. CarinelJi, 
Oazz. Chim. Ital., 31, i, 544, 1901. 

* L. C. Jones, Zeit, anorg. Chem., 20, 212, 1899; 21, 169, 1899; A. Stock, Cornet, rend., 
130, 516, 1900; M. Barthe, Journ. Phkrm. Chim., (5), 29, 163, 1894; J. Prescher, Arch. 
Pharm., 242, 194, 1904; P. Georgevi^*, Journ. prakt. Chem., (2), 38, 118, 1888. 

® For the electrometric titration of boric acid, see J. A. M. van Liempt, Pec. Trav. chim., 
39, 358, 1920; Zeit. anorg. Chem., m, 151, 1920; M. G. Mellon and V. N. Morris, Proc. 
Indiana Acad. Sci., 35, 85, 1924; M. G. Mellon and F. R. Swan, Ind. Eng. Chem., 19, 1354, 
1927 ; L. V. Wilcox, ib., Anal. Ed., 4, 38, 1932; I. V. Grcbenschtschikov and T. A. Favorskaia, 
Journ. Russ. Phys. Chem. Eoc., 61, 561, 1929. In the presence of phosphoric acid, 1. M. 
Kolthoff (Che.m. Weekb., 19, 449, 545, 1922; B. Hyl, Arb. Kais. Qesund. Amt., 47, 1, 1914) 
adds sodium citrate, which prevents the interference of boric acid during the titration of the 
phosphoric acid with sodium hydroxide. In the neutralised solution, the boric acid is 
titrated as indicated above. Compare, however, W. W. Deems, Chem. Weekb., 19, 480, 
1922; 25, 268, 1928. 

® R. T. Thomson {Chem. News, 47, 135, 1883), after comparing litmus, methyl orange, 
phenolaoetoiin and phenolphthalein, says: “Methyl orange is by far the best indicator for 
the estimation of so^ in borax, and is, indeed, perfect in that respect. The change in colour 
at the end of the experiment is very sharply defined.” B. H. St. John (Amer. Journ. Pharm,, 
89, 8, 1917) recommends methyl red rather than methyl orange. 
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Dissolve 10 grms. of borax in about 3(X) e.c. of distilled water, freed from 
carbon dioxide by boiling, and make the solution up to 500 c.c. with similarly 
boiled water. Titrate 100 c.c. with approximately 0* 5 N -hydrochloric acid, 
using a droj) of p-nitrophenol or methyl orange as indicator. Note the volume of 
hydrochloric acid needed for the neutralisation of the 100 c.c. pipetted from the 
main solution. Add the same volume of the solution of hydrochloric acid to 
another 100 c.c. of the borax solution, add glycerol or mannitol as indicated 
under boric acid, and titrate, as there described, with, say, O’bN-sodium 
hydroxide, using phenolphthalein as indicator. 

Example. — 10 grms. of the sample made up to 500 c.c. Of this, 100 c.(;., that is, 
2 grms. of the sample, required 21 c.c. of the hydrochloric acid solution, and 45-6 c.c. 
of the standard sodium hydroxide solution, 1 c.c. of which corresponded with 0*0437 
grm. of hydrated borax. Hence, 2 gims. of the sample had 45*0 x 0*0437 ~ 1*993 or 
99*6 per cent, of hydrated borax. 

A similar procedure is used for anhydrous borax, but the weight of the 
sample taken should be reduced to about 5 grms. Again, with calcined 
borax, which dissolves only slowly in water, the weighed sample is shaken 
in a well-corked flask with excess of cold, freshly boiled distilled water until 
solution is complete. 

The relation between the sodium oxide and the boric oxide in borax is not 
always that corresponding with NagO . 2 B 2 OJJ, because some sodium metaborate 
— NagO . BgOg — may be present. This would lead to high values when the 
borax is calculated from the amount of BgOg, since some should then have been 
calculated to NaBOg . 4 H 2 O. 

Jacobies Process. — Jacobi ^ abbreviates the process by taking advantage of 
the fact that in the presence of glycerol a solution of borax is acid to phenol- 
phthalein, while a solution of sodium meta borate is neutral. Hence, if a solu- 
tion of borax containing an excess of glycerol be titrated with 0*5N-sodium 
hydroxide, we have 

NagB^O, + 2NaOH - 4NaB02 + HgO 

at the neutral point. After making an allowance for any acid in the glycerol, 
multiply the results by 0*03482 and the product represents the amount of boric 
oxide in the weight of the sample taken; if multiplied by 0*05032, the result 
represents the amount of anhydrous borax; and if multiplied by 0*09536, the 
amount of hydrated borax. 

Example. — 2 grms. of calcined borax were dissolved in water and mixed with 
glycerol and phenolphthalein. 39*65 c.c. of 0*5N-NaOH were needed. The glycerol 
added required 0*4 c.c. of the alkali for neutralisation. Hence, 39*65 “0*4 = 39*25 c.a. 
were needed for the titration. Thus the 2 grms. contained 39*25 x 0*03482 = 1*3667 grm. 
of B 3 O 3 ; that is, 1*3667 x 50 = 68*3 pe»j cent, of boric oxide, or 98*8 per cent, of calcined 
borax. 

§ 320. The Evaluation of Borocalcite, Boronatrocalcite, Boracite 
and Calcium Borate. 

Digest, say, 10 grms. of powdered borocalcite in a flask fitted with a reflux 
condenser ^ (fig. 140) with, say, 50 c.c. of 0*5N-hydrochIoric acid in order to 

^ K. Jacobi, Joum. Atner. Chem. Soc., 26, 91, 1904. M. Franyois and L. Seguin {Journ. 
Pharm. Chim., 6 , 244, 1927) dissolve 1*91 grm. of finely powdered borax in 26 0 . 0 . of water 
and 60 c.c. of glycerol by heating for 30 minutes on a water bath. They then cool and 
titrate with l*0N-NaOH in the presence of phenolphthalein: 1 c.c. of l*0N-NaOHs0*191 
grm. of Na*B 407 . 10 H 20 . 

* V. Kreussler, Zeit. anal. Chem,, 24, 80, 1886; J. Walter, DingUPs Jtmm., 2Sh 
1884. 
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remove the carbon dioxide, liberate the boric acid from combination and 
prevent loss of boric acid by volatilisation in steam during the expulsion of the 
carbon dioxide, (^^ool. Wash the condenser tube and the contents of the flask 
into a 500 c.c. standard flask with cold, freshly boiled, distilled water. The 
insoluble residue can be filtered off, dried and weighed, if desired. Make the 
solution up to the 500 c.c. mark with 
water. Pipette 50 c.c. of this solution 
into a flask, and titrate with standard 
sodium hydroxide (say, 0-5N), using 
p-nitrophenol as indicator. When 
the yellow colour of the indicator 
appears,^ all the hydrochloric acid 
has been neutralised by the soda. 

Note the volume of the standard 
sodium hydroxide required for this 
purpose. Pipette another 50 c.c. of 
the solution, add the same amount 
of sodium hydroxide and then titrate 
with sodium hydroxide and mannitol 
or glycerol, with phenolphthalein as 
indicator, as indicated under borax 
and boric acid. 

Example, — The stdiition from 10 grins, 
of the borocalcite was madci up to 500 c.c. 
and 50 c.c;, (ix, 1 grin, of the sample) were 
taken for the titration. 2(5‘() c.c. of the 
soda solution were used in the second 
titration. 1 c.c. of 0*5N-sodium hydroxide 
corresponds with 0 01741 grin, of boric 
oxide, B 2 O 3 . Hence, 2 () () x 0 01741 — 

0463] grin., or 46-31 per cent. B 2 O 3 in 
the given samjile. 

Schaak's Process,- If appreciable 
quantities of iron and alumina be 
present, both should be separated, if 
possible, before the titration, since 
alumina will combine with the alkalies as the solution approaches the neutral 
point and thus give too high a number. Schaak^ recommends the following 
method of separation: — Dissolve the borocalcite as indicated above. Filter 
and make the solution up to 500 c.c. Nearly neutralise 100 c.c. by titration with 
alkali, using methyl orange as indicator. Add 2 to 3 grins, of bariuin carbonate 
(free from alkali), warm on a steam bath for half an hour. Cool, filter, wash 
and titrate the filtrate with alkali as indicated above. The first method may 
give values 1*5 per cent, too high, w'hile Schaak’s modification will furnish 
values 0*15 per cent, too high. 

Jacobi* s Process for Determining Alkalies in the Presence of Borates.^ — The 
alkalies in borates may be rapidly evaluated by digesting, say, 2 grms. in 
hydrochloric acid and evaimrating the solution to dryness for silica. Add 
dilute hydrochloric acid, boil, filter and wash the silica; precipitate the iron and 

1 Methyl orange or methyl red may be used instead of the nitropheriol with satisfactory 
results. ^ 

* M. F. Schaak, Joum, Soc, Chem, Ind,^ 23 , 690, 1904. 

* K. daoobi, J<mm, Am^, Chem, Sac,, 26 , 1904. 
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alumina by means of ammonia; lime by ammonium oxalate; and magnesia by 
ammonium phosphate. Keinove the excess of })hosphate by means of pure 
ferric chloride, and remove the excess of the latter [)y ammonia. Evaporate 
the solution twice to dryness with concentrated nitric acid, using 40 c.c. of the 
acid for the first evaporation and 20 c.c. for the second. Then evaporate with 
excess of hydrochloric acid. Take up the residue with water and evaporate 
to dryness again in a platinum dish. Heat the residue to dull redness to drive 
off the water and the ammonium salts. Cool and weigh as anhydrous boric 
oxide, sodium (with possibly potassium) chloride and regenerated sodium 
borate. Dissolve the residue in hot water, cool and determine the soda 
present as borate by titration with 0*5N-8ulphuric acid, using methyl orange as 
indicator. Titrate the neutralised solution for total boric oxide with ()*5N- 
sodium hydroxide, using phenolphthalein as indicator in the presence of excess 
of glycerol. Sum the boric oxide and the soda so obtained, and subtract the 
result from the weight of the residue in the platinum dish. The difference is 
said to be “sodium chloride,” from which the sodium oxide is calculated by 
multiplying the amount of sodium chloride by 0*5303. If potassium ^ salts and 
sulphates be present, their amounts are determined in separate portions. 
Processes like these can, of course, only give approximate results by a balancing 
of errors. 

Lunge's Process. — In analysing boronatrocalcite. Lunge ^ dissolved the 
mineral in dilute hydrochloric or nitric acid, and precipitated the lime as 
calcium oxalate and the magnesia as phosphate. The three bases — lime, soda 
and magnesia — are determined by adding a known volume of standard (hydro- 
chloric or nitric) acid, and titrating the excess of acid with standard alkali, as 
indicated for borax. Deduct the results found for lime and magnesia, and 
the difference represents the soda.*** Water is determined as the “ loss on 
ignition.^’ The difference represents the boric oxide and impurities. In one 
case, Kraut found 6*72 j^er cent, of sodium chloride and 4*74 per cent, of sodium 
sulphate ^ in a sample of boronatrocalcite. 

§ 321, The Determination of Boric Oxide in Silicates — 
Wherry’s Process. 

{a) Sullivan and Taylor’s Modification. 

Methods for the determination of boric oxide in silicates containing alumina 
and iron, by fusing the sample with alkali carbonate, removing the silica and 
basic oxides with ammonio-zinc oxide, Schaff’gotsch’s or Seeman’s solutions 
(page 727), and finally precipitating the boric oxide as an insoluble borate 
— magnesium,® barium,® calcium ^ or silver ® borate, or potassium boro- 

^ Or remove the boric oxide by repeated evaporation with methyl alcohol (page 664), and 
determine the potash and soda in the usual way. 

* G. Lunge, Liebig's Ann., 138, 51, 1866; Chem. News, 15, 86, 214, 1867; K. Kraut, 
Liebig's Ann., 139, 52, 1866. According to Lunge, there is no need to remove the l)oron as 
fluoride, since the results with and without the removal of boron “entirely coincide within 
the ordinary limits of error.” 

* Potash is said to be rarely present. 

^ H. How, Chem. News, 15, 192, 1867; F. Wohler, ib., 16 , 15, 1867. 

^ C. Marignac, Zeii. anal. Chem., 1 , 405, 1862. 

* P. von Berg, Zeit. anal. Chem., 16 , 1877; H. N. Morse and W. M. Burton, Amer. 

Chem. Journ., 10, 154, 1888. 

’ A. Itttte, Ann. Chim. Phys., (5), 4 , 549, 1875; Compt. rend., 80, 490, 561, 1875; A. Joly, 
ib., zoo, 103, 1885. 

® A. P. J. du M^nil, B&rzdiuP Jahresber., g, 180, 1829, 
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fluoride,^— are not satisfactory, because part of the boric oxide is retained 
very tenaciously by the precipitated alumina. Wherry’s method * was based 
on Schaak’s process and it provided a useful method of approximation when the 
time needed for the more elaborate 
and tedious distillation process was 
not available. 

Subsequent work, upon which 
the following details are based, has 
eliminated some of the more serious 
weaknesses of the process and has 
considerably increased its accuracy. 

Fusior \. — Half a gram of the 
analysis sample is fused with 3 grms. 
of sodium carbonate and the heating 
continued for a couple of minutes 
after a state of quiet fusion has 
been reached.^ Tlie cold cake is 
removed from the crucible to a 
beaker of boron -free glass, not more 
than 20 to 30 c.c. of water being 
used in the transference. The mass 
is gently simmered over a small 
flame until the cake is entirely dis- 
integrated and, after settling, the 
vsupernatant liquid is hltered under 
suction through a Gooch crucible. 

The residue is boiled u]) with three 
successive small quantities of dis- 
tilled water and the supernatant 
liquid filtered off after each extrac- 
tion, The filtrates and washings 
are transferred to a 250 c.c. round- 
bottomed flask of boron-free glass and about 7 c.c. of concentrated hydro- 
chloric acid and a few drojjs of nitric acid added. The solution is gently boiled 
under a reflux condenser until all reaction ceases. 

Removal of Iron and Aluniiniuni , — A moderate excess of pure, dry calcium 

^ A. Stromeyer, Lkhig's Ann.^ lOO, 82, 1856; G. Kriiss and H. Moraht, * 6 ., 260 , 180, 1896; 
F, Wohler, ib.y 141 , 268, 1867; C. Bodewig, Chem. News, 50 , 49, 1884; Zeit. arml. Chefti., 23 , 
149, 1884; C. Thadd^elf, ih., 36 , 568, 1897; H. Rose, P(^g. Ann,, 80 , 262, 1850; C. Rammels- 
berg, ib,, 80 , 466, 1880; ,1. J. Berzelius, ib., 2 , 118, 1824. 

* E. T. Wherry, Journ. Amer, Che/m, Soc,, 30 , 1687, 1908; J. M. Lindgren, ib., 37 , 1137, 
1915; E. C. Sullivan and W. C. Taylor, Jtmrn, Ind. En^. Chem., 6 , 897, 1914; W. W. Scott 
et ah, ib., Anal. Ed., 4 , 306, 1932; H. L. Payne, ib., 6 , 45, 1934; P. Nicolardot and J. Boiidet, 
Bull. 80 c. chim., (4), 21 , 97, 1917; J. D. Cauwood and T. E. Wilson, Journ. Soc. Glass Tech,, 
2 , 246, 1918; V. Dimbleby and W. E. S. Turner, ib., 7 , 76, 1923 ; V. Bimbleby, ib., 14 , 
61T, 1930; A. A. Machigin and T. F. Korziikhina, Jmtrn. Buss. Phys. Chem. 80 c., 59 , 573, 
1927; A. S. Dodd, Analyst, 54 , 715, 1929; L. Malaprade and J. Schnoutka, Compi. rend., 
192 , 1653, 1931; W. Mylius, Chem. Ztg., 57 , 173, 1933; P. N. Grigoriev, Keram. i Stekh, 9 , 
21, 1933; D. Klein, Bull. Soc. chim., (2), 29 , 198, 1878; M. Honig and G. Spitz, Zeit. angew. 
Chem., 9 , 549, 1896; O. A. Kulskaya, Zavadskaya Lab., 2 , 26, 1933; W. H. Chapin, Journ. 
Amer. Chem. 80 c., 30 , 1687, 1908. 

* V. Dimbleby and W. E. S. Turner (Journ. Soc. Glass Tech., 7 , 76, 1923) say that boric 
oxide is lost by volatilisation during fusion if the borosilicate contains more than about 
10 per cent, of boric oxide. With materials rich in boric oxide they recommend the addition 
of pure silica to reduce the boric oxide content of the sample to about 10 per cent. Half 
a gram of the mixture is then fused up with 3 grms. of sodium carbonate. 
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carbonate is then cauiiomly added to the contents of the flask and the mixture 
well boiled under the reflux condenser for 10 minutes (or longer if necessary) 
to expel all the carbon dioxide and precipitate the iron and aluminium. The 
steam should not be allowed to rise more than half way up the condenser tube 
and, after boiling, the inside of the latter must be rinsed down into the flask. 
The supernatant liquid is filtered under suction through a small Buchner 
funnel and the residue in the flask extracted three times by boiling-up under 
the reflux condenser with successive small quantities of water.^ Sullivan and 
Taylor state that by conducting all filtrations and washings under suction, the 
weakness of Wherry’s method, mz. the retention of boric oxide by the pre- 
cipitated aluminium and iron hydroxides, is overcome. The residue is finally 
transferred to the funnel and washed with a little hot water. The filtrate and 
washings are poured back into the flask, a small quantity of calcium carbonate 
is added and the mixture again boiled for ten minutes under the reflux con- 
denser. The condenser is now replaced by a splash trap (fig. 141) and suction 
gradually applied. 

The Titration . — When the liquid ceases to boil under the full suction of the 
pump, it is cooled to atmospheric temperature, ^ 2 grms. of mannitol are added 
and titration carried out with 0‘lN-sodium hydroxide ® using phenolphthalein 
as indicator. 


{b) Payne’s Modification.* 

The initial procedure is identical with Sulliv an and Taylor’s process, except 
that the filtrate and washings from the fusion are boiled up with hydrochloric 
acid in a 250 c.c. graduated flask under the reflux condenser. After boiling, a 
strong solution of sodium hydroxide is added from a burette to the acid solution 
until the latter is nearly neutral but still shows an acid reaction to methyl red. 
Aluminium and iron hydroxides are precipitated just before neutrality is 
reached. The condenser is replaced and the liquid boiled gently for 15 minutes 
with the precautions previously mentioned in the alternative process. Payne 
states that under these conditions all the carbon dioxide is removed without 
loss of boron and the precipitated hydroxides occlude no boric oxide. After 
rinsing down the condenser tube, the flask is rapidly cooled without unduly 
exposing its contents to the air.® When cold, the flask is filled up to the mark 
with a solution of calcium hydroxide, the stopper is then inserted and the 
contents well shaken. The calcium hydroxide makes the solution alkaline 
without introducing any soluble carbonates and the last traces of aluminium 
and iron are precipitated. The liquid is rapidly filtered through a dry paper 
and funnel into a dry flask and, without washing the precipitate, two aliquot 
portions are at once pipetted out into flasks for titration in duplicate. 

The Titration . — To each portion in turn add methyl red and just sufficient 
hydrochloric acid to give an acidic reaction. Now run in the standard sodium 


^ Dimbleby {l.c.) dissolves the residue in the flask in a small excess of dilute hydrochloric 
acid, boils up and rcprecipitates with a slight excess of calcium carbonate. In the presence 
of arsenic, antimony, tin, lead, zinc and manganese re-solution of the residue in hydrochloric 
acid, followed by a slight excess of sodium hydroxide solution, has been found to liberate 
satisfactorily the adsorbed boric oxide. After filtering, the filtrate is titrated as usual for 
boric oxide. 

^ If the precipitate is red (ferric oxide) the solution must be filtered before titration, but 
undue exposure to air must be avoided. 

^ Free from sodium carbonate. 

* W. W. Scott c/ al., Irtd. Eng. Chem. Anal, Ed., 4 , 306, 1932; H. L. Payne, ib,, 6, 46, 1934. 

* A soda lime guard tube can be used to |Mt>teot the contents of the flask from atmospheric 
carbon dioxide. 
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hydroxide solution from a burette until the indicator just turns a full lemon- 
yellow colour, then add an excess of mannitol and a couple of drops of 
phenolphthalein. Continue the titration until a permanent red colour is 
obtained which is not bleached by the further addition of mannitol. 

Using 0-2N-alkali, Payne found that the variation between duplicate 
analyses on borate ores, containing from 29 to 44 per cent, of boric oxide, 
ranged from a maximum of 0*15 to 0 per cent, with an average difference of 
0*07 per cent. 

(r) Glaze and Finn's Process. 

Glaze and Finn have described a method for the routine determination of 
boric oxide in silicates which is based upon the partition coefficient of boric 
oxide between ether and water.^ The faintly acid solution from the fusion of 
the silicate is shaken up with ether and ethyl alcohol and the ether layer is 
then titrated for boric oxide. Under these conditions, i,e., in the presence of 
ethyl alcohol and hydrochloric acid, the partition coefficient of the boric oxide 
between the ethtireal and aqueous layers is given as 0*403 at 25° i 2^. The 
method is said to be accurate and rapid for 0*7 to 16 per cent, of boric oxide. 
Barium, fluorine and abnormal amounts of iron interfere slightly; zinc must 
be absent. 

§ 322. The Determination of Boric Oxide in Silicates — 
Distillation Process. 

If methyl alcohol be distilled from a mixture containing free boric acid, 
methyl borate, boiling at 55° to 56°, distils over. The methyl borate can be 
saponified with alkalies and the boric acid determined by gravimetric or 
volumetric processes. This reaction was simultaneously evolved by Gooch 
and by Rosen bladt in 1887, and it has since been extensively used ^ for the 


^ F. W. Glaze and A. N. Finn, Ginss Ind.^ 17, 156, 1936; Jourti. Soc, Glaan Tech., 20, 
A383, 1936. 

® F. A. Gooch, Amer, Chem. Jtmrn,^ 9, 23, 1887; K. Farnateiner, Zeit. Nahr. Genuss., 3, 

1, 1900; K. Windisch, ib„ 9, 641, 1905; R. Fischer, ^6., 3, 17, 1900; J. Wolff, ib., 3, 600, 
1900; 4, 157, 1901; J. J. Ebelrnen and Bouquet, Ann. Chim. Fhys., (3), 17, 54, 1846; J. J. 
Ebelmen, i7>., (3), 16, 129, 1846; H. Schiff, LieMg^a Ann., Suppl., 5, 154, 1867; H. Schiff 
and E. Bechi, Compt. rend., 61, 697, 1865; H. Moissan, i7>., 116, 1087, 1893; S. L. Penfeld 
and E. S, Sperry, Amer. J. Science, (3), 34, 222, 1887; J. E. Whitfield, ib., (3), 34, 281, 1887; 

F. A. Gooch and L. C. Jones, ib., (4), 7, 34, 1899; C. E. Cassal, Anedyst, 15, 230, 1890; A. K. 
Keischle, Zeit. an&rg. Chem., 4, 111, 1893; A. Mandolbaum, ib., 62, 364, 1909; H. Funk 
and H. Winter, ib., 142, 257, 1925; K. Kraut, Zeit. anal. Chem., 36, 165, 1897 ; T. Roaenbladt, 
ib., 26, 21, 1887; W. Streoker and E. Kannappel, ib., 61, 378, 1922; E. Schulek and G. 
Vastagh, ib., 84, 167, 1931; 87, 165, 1932; A. W. Blyth, Froc. Chem. Soc., 15, 51, 1899; 
C. Montemartini, Qazz. Chim, Ital., 28, i, 344, 1898; G. H. Beermann, Kritiache Studien iiber 
die neueren quaniitaiiven Beatimmungamethoden dcr Borsdure mit Einachluaa der Turmalin- 
analyae, Berlin, 1898; J. Preacher, Arch. Pharm., 242, 194, 1904; A. Schneider andC, Gaab, 
Pharm. Centr,, 37, 672, 1896: W. H. Low, Chem. News, 95, 52, 61, 73, 1907; Journ. Amer. 
Chem. Soc., 28, 807, 1906; W. H. Chapin, ib., 30, 1691, 1^8; G. W. Sargent, ib., 21, 858, 
1899; L. de Koningh, ib., 19, 55, 1897, O. von Spindler, Schweizer W ochenschrift Chem. 
Pharm., 43, 669, 1906; Chem. Zig., 29, 5^, 1906; R. Arndt, ib., 33, 725, 1909; C. Aschman, 
junr., ib., 40, 460, 1916; H. Copaux and G. Boiteau, Bull. Soc. chim., (4), 5, 217, 1909; 

G. Bertrand and H. Agulhon, ib., (4), 7, 126, 1910; H. Moissan, ib., (3), ii, 955, 1894; H. 
Fromme, Taehermah'a MiU., 28, 329, 1910; E. Polenske, Arbeit. Kaiser. Gesund., 17, 564, 
1900; 19, 167, 1902; A. Gunther, ib., 19, 489, 1902; G. Raulin, Monit. Scient., (5), 1, 434, 
1911; G. Halpen, Ann. Palsif., 8, 1, 1915; E. T. Allen and E. G. Zies, Joum. Amer. Cer. 
Soc., X, 739, 1918; L. A. Congdon and J. M. Rosso, Chem. News, 129, 219, 1924; S. Moriyasu, 
Researches Blectrotech, Lab. Japan, No. 153, 1925; L. V. Wilcox, Ind. Eng. Chem. Anal. Ed., 

2, 358, 1930; G. Vastagh, Magyar Chem. Fol., 37, 55, 1931; 38, 17, 1932; 1. P. Alimarin 
and I. 1. Romm, Trans. Inst. Econ. Mineral {U.S.8.R.), 53, 5, 1932; 0. Sumuleanu and 
G. Gldmicesou, Bui. Soc. Chim. Romdnia, 1$, 79, 1933; M. F. Sohaak, Joum. Soc. Chem. 
Ind., 23, 699, 1904. 
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determination of boric oxide in silicates and alumino-silicates. Ethyl alcohol 
can be used,^ but it forms ethyl borate, boiling at 118^-119''. In consequence 
of the higher boiling-point of ethyl borate, methyl alcohol, ^ though more 
expensive, is more effective than ethyl alcohol. 

Preparation of the Sample for Distillation, — Fuse 0*5 grin.* of the sample 
with 6 grms. of sodium carbonate (page 144). When the crucible is cold, 
decompose the cake ^ in the crucible gradually by the addition of sufficient 
hydrochloric acid (1 in 1) — about 20 c.c. will be needed — to neutralise the 
excess of sodium carbonate used in the fusion. Care must be taken to avoid 
loss by spurting. Transfer the resulting solution to a 250 c.c. flask. The 
flask is then fitted with a reflux condenser (fig. 140), and boiled for an hour in 
order to drive off tlie carbon dioxide. The reflux condenser is to prevent loss 
due to volatilisation of boric acid with the issuing steam. Aqueous solutions 
of boric acid must never be boiled in open vessels when the boric acid is to be 
determined quantitatively. Wash the condenser tube with a little water and 
collect the runnings in the flask. Pour the liquid into a 250 c.c. distillation 
flask (A, fig. 142). Now add granular anhydrous calcium chloride to the 
solution. About 1 grm. of the salt per c.c. of liquid will suflice. Rotate the 
flask for a few minutes in order to ensure a thorough mixing of the contents. 
In adding the calcium chloride, keep the neck of the flask clean. The object 
of the calcium chloride is to prevent the hydrolysis of the methyl borate in the 
flask, and thus facilitate its removal. Sulphuric or phosphoric acid can also 
be used as dehydrating agents.* 

The Distillation Apparatus, — An apparatus similar to that indicated in 
fig. 142 is fitted up, ^ is a 250 c.c, distilling flask ® containing the boric acid 
solution, prepared as indicated above. R is a 5(X) to 800 c.c. distilling flask 
containing methyl alcohol free from acetone."^ Owing to violent bumping 
which occurs when methyl alcohol is boiled in glass vessels, a boiling tube* is 


' H. Hose, Pogg. Anti.f 8 o, 262, 1846. 

® Avoid the use of impure methyl alcohol, which blackens or evolves sulphur dioxide when 
heated with sulphuric acid on a water bath. See footnote 7. 

® For substances containing a high proportion of boric oxide, 0-25 grm. may be used. 
The total boric oxide should be kept below 01 grm., otherwise tlie distillation will require 
a long time, the titration will require a large volume of solution and the end-point will be 
less distinct. If metals likely to injure the platinum crucible are present, the substance may 
be fused in a porcelain crucible (felspathic glaze), and the crucible and cake powdered and 
treated as described in the text. 

* The first residue from the Smith’s process for alkalies may be dried and then used for 
this determination. 

* If strong acids be used for the distillation, and if chlorides be present, chlorine may 
be evolved. In that case, it is well to remove the chlorine by precipitation with silver nitrate 
and proceed with the distillation at once. Excess silver nitrate, if desired, can be removed by 
precipitation with sodium hydroxide or carbonate. Similar remarks apply to the presence 
of nitrates, oxalates, citrates and tartrates (but not acetates) when the distillation is made 
from concentrated sulphuric acid in place of the calcium chloride indicated in the text. For 
Kosenbladt’s suggestion to use silver sulphate in the flask, see page 618. 

* Boron-free glass should be used. Home varieties of glass contain boric oxide and are 
consequently a source of danger. A Lewkowitsch’s flask (J. Ixjwkowitsch, Joum. Chem, 
Soc,, 55 , 360, 1889; G. George, Chem. News, 78 , 259, 1898) with a wide delivery tube may 
be used. 

^ Pure methyl alcohol can be obtained by saturating the commercial product at its 
boiling-point with chlorine. The chlorinated liquid is stood over quicklime to remove 
excess of chlorine and then fractionated through a column. The fraction boiling round about 
65° is collected. 

® Boiling Tubes. — ^This important auxiliary is a simple and effective means of preventing 
the bumping of most liquids during boiling. The boiling tube here described appears to have 
been first suggested by D. Gemez (Cfmpt, rend,, 86 , 472, 1878; H. Soudder, Joum, Amer, 
Chem, Soc,, 25 , 163, 1903; Chem. Nemos, 88 | 242, 1903). It is made as follows; — Draw out 
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Fio. 142. — Diftlillation Apparatus. 


a piece of glass tubing until its internal bore is from 0*5 to 1 •() mm. diameter. The tube is 
sealed (r, fig. 143) about I cm. from one end, a, by holding the tube in the flame until the 
sides have run together, (^ut the tube the desired length — say, 16 cm. — and seal the end 6 
to prevent the entrance of liquid. The upper end of the boiling tube should reach very 
nearly to the top of the flask. The tube is plact^d open end down in the liquid. The open 
end a should rest on the bottom near the hottest part of the flask and remain there during 
the boiling. Hence, the tube should be heavy enough to prevent its displacement from the 



Fio. 143. — Boiling Tube. 

bottom. For liquids of high specific gravity, therefore, it may be necessary to use a piece 
of thick-walled capillary tubing with a wide bore (maybe up to 5 mm.); for frothing liquids 
and liquids of low boiling-point, a narrow boiling tube is best. 

The action of the boiling tube is as follows: — The air in ac expands and passes through the 
liquid in small bubbles. The air is gradually replaced by the vapour of the liquid being boiled, 
and the stream of bubbles is continuous so long as the temperature about the end ac is at 
the boiling-point of the liquid. This prevents superheating and explosive boiling. The seal 
c should be below the surfact^ of the liquid, even if it be necessary to bend the portion ab 
for the purpose and make ac nearly parallel with the bottom of the flask; otherwise vapour 
will condense in oc, which would stop the stream of bubbles. The flame should be protected 
from draughts so that the temperature of the liquid does not fall below its boiling-point and 
thus cause the capillary to fill with liquid. The boiling iul>e is useless if it be filled with 
liquid. Hence it should be cold and empty when placed in the flask. The liquid is shaken 
out of the boiling tube each time it is used. G. Torossian, Joum, Amer, Chem, Soc,^ 36, 
613, 1914. For the prevention of bumping by the use of flasks with a lining of fused-in 
ground glass, see A. V. Morton, Ind, Eng, Chem. AthiL Ed., 6, 384, 1934. 
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necessary each time the flask is used. (7 is a small Fresenius’ gas washer ^ 
containing a little mercury. This acts as a safety valve should the tube leading 
from B to A get clogged. C can be fitted with a long exit tube to carry the 
vapours of alcohol away from the proximity of the flame should alcohol blow 
out. Z> is a Lendrich's condenser.^ is a 250 c.c. Erlenmeyer’s flask to act 
as a receiver. It is fitted with a tube F containing enough water to act as a 
water seal and prevent the loss of methyl borate during the distillation. From 
three to four receiving flasks, E^, E^, are used, and all fit on the same 
stopper 6r. The connections are made as indicated in the diagram. 

The Distillation , — The flask B is heated and methyl alcohol vapour distils 
into the flask A, When about 25 c.c. of alcohol have condensed in A, the latter 
flask is heated ® sufficiently to prevent any further condensation of alcohol 
vapour in A, The distillation must not proceed too rapidly or methyl borate 
may be lost through the water trap. When about 100 c.c. of distillate have 
been collected, change the receiver. Transfer the contents of the trap F to 
the flask just removed. Add a drop of jo-nitrophenol ^ to the same flask and 
run in the standard soda solution until the free acid is neutralised. To titrate 
for boric acid, add 1 c.c. of phenolphthalein to the neutralised solution and 
titrate until the pink coloration has developed. The end-point is not very 
sharp, owing to the action of the alcohol on the indicator. The difiference 
between the burette readings with the two indicators gives an approximation 
to the amount of boric acid in the distillate. Add to the distillate twice as 
much standard alkali as was used in the phenolphthalein titration for boric 
acid. If 5 c.c. of alkali were required for the boric acid titration, add 10 c.c. 
of the same alkali. The object of adding the excess of alkali is to prevent loss 
of boric acid ® when the alcohol is distilled off later on. When another 100 c.c. 
has collected in the second Erlenmeyer flask, change the receiver and treat the 
distillate as before. If less than 1 c.c. of 0‘lN-sodium hydroxide be required, 
or 0*2 c.c. of 0*5N-sodium hydroxide be required, for the boric acid titration, 
the distillation is completed. If more than this amount of alkali be required, 
continue the distillation a third and maybe a fourth time. If sufficient 
calcium chloride has been used, the second distillation is usually sufficient.® 
The following readings were made during a determination of the boric 
oxide in 0*5 grm. of glaze: — 


0*5N-NaOH used. 

First 

Second 

Third 

Total. 

Indicator. 

distillate. 

distillate. 

distillate. 

p-Nitrophcnol 

2*7 

0*3 

0*2 

,3-2 

Phenolphthalein . 

41 

0-4 

! 01 

1 

4-6 

1 


Hence, in all, 4*6 c.c. of the 0*5N-NaOH solution were used for the boric acid 
in the phenolphthalein titration. Add 9*2 c.c. of the 0’5N‘NaOH in order to 
fix the boric acid during the next stage of the operation. 

^ R, Fresenius, Zeii, anal, Chem,, 15, 62, 1876. 

* K. Lendrich, D.R.G.M., 198543, 1903; F. AUihn, ZpAL anal, Chem., »5, 36, 1886, 

® In a paraffin bath H; the thermometer J shows the temperature of the paraffin bath. 

* L. V. Wilcox {Ind, Eng. Chem, Anal, Ed,, 2, 358, 1930) prefers methyl red. 

* According to E. Polenske {Arbeit. Kaiser. Oesund., 17, 564, 1900), a mixture of soda 
and boric acid corresponding with 6Na*0.4B20, is stable in boiling methyl alcohol. 

* Instead of pas«ng the vapour of methyl alcohol through the boric acid solution, B and 
C may he eliminated and a stoppered separating funnel fixed in A — as in the original Glooch’s 
apparatus. Then add li^id methyl alcohol in separate portions 10 c.c. at a time. Six 
additions then usually suffice (G. W. Sargent, Joum. Amer. Chem. 80 c., 2S, 858, 1809). 




THE DETEKMINATION OF BORON. 663 

Removal of Methyl Alcohol from the Distillate , — The alkaline distillates are 
now poured into a flask which is connected to a condenser through a swan- 
neck. Use as little water as possible for the rinsing. A boiling tube is placed 
in the flask and the flask is heated. The alcohol which distils off is collected 
in a receiver placed below the condenser.^ When the alcohol has distilled off, 
the residue should occupy about 25 c.c. If less, make up to approximately 
this volume with distilled water. Add diluted hydrochloric acid (1:1) drop 
by drop until the colour of both indicators is just discharged, but carefully 
avoid any excess of acid. Put a boiling tube into the flask and heat the 
solution on the steam bath for about two minutes. The flask is then connected 
with the filter pump and the liquid allowed to cool while the pump is in action. 
This decomposes any carbonates and there is no danger of losing boric oxide. 
The liquid should be colourless, hot or cold. If otherwise, sufficient acid is not 
present. 

Final Titration of the Boric Oxide . — Neutralise any excess of acid with 0-5N- 
sodium hydroxide until the yellow tint of the iiitrophenol appears. Make the 
solution acid with 0* IN -hydrochloric acid and again neutralise with O’lN- 
alkali until a faint yellow colour appears. The solution is now exactly neutral 
and one drop of 0 *lN-acid should discharge the colour of the indicator. Now 
add 1 grm. mannitol (or 40 c.c. of glycerol) and titrate with 0 * 1 N- or 0*5N- 
alkali according to the amount of boric oxide present (the “ methyl alcohol ” 
titration shows this), as indicated under boric acid. 

With the sample previously discussed, the following readings were made : — 
23*6 c.c. of 0»lN-NaOH were required. 1 c.c. of the O-lN-NaOH corresponded 
with 0-003322 grm. B 2 O 3.2 Hence, 23*6 x 0*003322 = 0-0784 grm. BgOj was 
present per 0-5 grm. of the glaze; or the glaze contained 15*68 per cent, of boric 
oxide — B 2 O 3 . 

Test Experiments , — Determinations with artificial mixtures of known 
amounts of boric oxide with sodium silicate; alum; potassium fluoride; ferric 
and ferrous salts; arsenious, zinc, stannous and antimonous salts; salts of the 
alkalies and alkaline earths, gave quite satisfactory results. 0-0350 grm. of boric 
oxide was used in the following determinations with three different mixtures of 
the substances just enumerated: 

First distillate (100 c.c.) required . 2*2 1-9 1-9 c.c. 0-5N-NaOH. 

Second distillate (100 c.c.) required 0*4 0-5® 0-3 c.c. 0-5N-NaOH. 

Total B 2 O 3 found .... 0-0348 0-0346 0-0352 grm. 

Hence, it is inferred that the substances above enumerated did not interfere 
with the volatilisation of the boric oxide, nor with its accurate titration 
afterwards.* 

Other Methods of Collecting the Methyl Borate . — Instead of decomposing the 
distillate with sodium hydroxide as indicated above, Thaddeeff ® collected the 
distillate in a solution of caustic potash and subsequently precipitated the boric 


^ The alcohol may be recovered by distillation from quicklime and 100 c.c. of a concen- 
trated solution of caustic soda. The distillate should give no reaction for boric acid. 

* The 0»lN-NaOH was standardised against boric acid. 

* A third distillate (100 c.c.) contained the equivalent of 0 0006 grm. B^O^. 

* According to E. T. Allen and E, G. Zies (J<mm, Amer, Cer. Soc., i, 739, 1918), arsenious 
oxide affects the results and must be rendered innocuous by oxidation with hydrogen peroxide. 
Large amounts of fluorides are likewise said to impair the accuracy. The distillation process 
does not work in the presence of tungstates — H. Copaux and G. Boiteau, Bull. Soc. chim.^ 
(4), 5, 217, 1909. 

* C. Thaddeeff, ZeU. anal. OAem., 36, 568, 1897. 
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acid as potassium borofluoride; Rosenbladt ^ hydrolysed the methyl borate 
with magnesia; Gooch ^ used calcium oxide for the same purpose. In the two 
latter cases the contents of the distilling flask were acidified with nitric or 
acetic acid (Gooch), or a non-volatile acid — sulphuric (Rosenbladt) or phos- 
phoric (Gladding)® acid. The magnesia, being insoluble, does not act very 
rapidly, and lime is difficult to calcine to a constant weight on account of 
its tendency to absorb carbon dioxide and moisture. Hehner used disodium 
phosphate^; Aschman,® ammonium phosphate; Schneider and Gaab,® 
sodium carbonate; Stolba,’ borax: and Gooch and Jones,® sodium tungstate 
(approximately 5 grins, per 0*1 grm. BgOg). The last-named substance has 
the advantage of being easily obtained pure and it is soluble in water, so that 
the hydrolysis proceeds comparatively quickly.® 

§ 323. Determination of Silica and Alumina in Boro-silicates. 

In the analysis of silicates containing boric oxide, only part of the boric 
oxide is lost during the two evaporations to dryness; the other part of the boric 
oxide is precipitated with the alumina and iron. This gives high results.^® 
To eliminate the boric oxide in the silica evaporations, add 20 c.c. of pure 
methyl alcohol, or better (Jannasch) methyl alcohol saturated with hydrogen 
chloride, to the solution before each evaporation to dryness. This ensures the 
complete elimination of the boric oxide as methyl borate. 


^ T. Rosciibladt, Zeit. anal. Chvm., 26, 21, 1887; Chem.. 55, 18. 101, 1887. 

* F. A. Gooch, Amer, Chem. Jouru.^ 9, 23, 1887; Chem. AVmw, 55, 7, 1887; C. Marignac, 
Zeit. anal. Chem., i, 406, 1862; K. Kraut, ib., 36, I60, 1897; S. L. Penfield and E. S. Sperry, 
Amer. J. Science, (3), 34, 220, 1887; L. A. Congdon and J. M. Rosso, Chetn. News, 129, 219, 
1924. A gram of lime, for instance, is weighed and evaporated to dryness with the methyl 
borate after ignition. Tlie increase in weight repre.scnt8 boric oxide. The solid “crawls” 
badly during the evaporation, and the methyl alcohol “ bumps” badly if it is allowed to boil. 

® T. S. Gladding, Journ. Amer. Chem. Sac., 20 , 258, 1898; M. F. Schaak, Journ. Soc. Chem. 
Ivd., 23, 699, 1904; H. Liihrig, Pharm. Centr., 42, 50, 1901. 0. Fresenius and 0. Popp (Zeit. 

offent. Chem., 3, 155, 188, 1897) used anhydrous sodium sulphate. 

* 0. Hehner, Analyst, 16, 141, 1891. 

® C. Aschman, Chem. Ztg., 40, 460, 1916; L. A. Congdon and J. M. Rosso, Chem. News, 
129, 219, 1924. 

® A, Schneider and C. Gaab, Pharm. Centr., 37, 672, 1896. 

’ F. Stolba, Journ. prakt. Chem., (2), 90, 457, 1863; R. J. Manning and W. R. Lang 
(Journ. Soc. Chem. Ind., 26, 803, 1907) precipitate the boric oxide in the distillate by barium 
chloride and weigh as Ba(B02)2. 

* F. A. Gooch and L. C. Jone;s, Amer. J. Science, (4), 7, 34, 1899; Chem. News, 79, 99, 
111, 1899. 

® The sodium tungstate, freed from carbonate by fusion with a little tungstic acid, is 
weighed in a platinum dish and then placed in the Erlenmeyer’s flask (fig. 142). After 
the distillation, methyl ah^ohol is boiled off and the contents are transferred to the same 
platinum dish as was used for weighing the sodium tungstate. Plvaporatc to dryness, fuse 
as before, cool and weigh. The increase in weight represents the boric oxide. 

F. Wohler, Liebig's Ann., 141, 268, 1867; R. Fresenius and E. Hintz, Zeit. anal. Chem., 
28, 324, 1889; W. Hampe, Chem. Ztg., 15, 621, 1891. 

8ee footnote 7, page 660. 

P. Jannasch, Zeit. arwrg. Chem., 12 , 208, 1896; Zeit. anal. Chem., 36, 383, 1897. 



CHAPTER XLI. 


THE DETERMINATION OF PHOSPHORUS. 

An accurate determination of phosphoric oxide, by whatever method it is made, requires 
much skill and not a little practice. The advocate of one method often makes 
the other suffer in comparison, more by reason of his own want of skill in the 
manipulation of the method than by reastm of any great advantage inherent in 
his own. — A. A. Blair.^ 

§ 324. The Detection of Phosphorus. 

Phosphorus in the form of phosphoric oxide is normally detected in quali- 
tative work by the formation of a canary yellow precipitate of ammonium 
phosphomolybdate in nitric acid solution. If only traces of phosphorus be 
present, a yellow solution but no precipitate is obtained.*^ Silica in solution 
gives a similar coloration and, consequently, the test is not specific. 

FeigVs Place a drop of the solution on a quantitative filter-paper 

and add one drop of ammonium molybdate solution,^ containing 15 per cent, 
of tartaric acid. Dry over a small flame for 30 seconds. Add one drop of a 
saturated solution of benzidine in acetic acid and then hold the paper over 
an open ammonia bottle. A blue colour indicates the presence of phosphoric 
oxide. As little as O-OOIT) mgrm. P 2 O 5 can be detected, and the interference 
of considerable amounts of arsenate, borate or silicate is prevented by the 
addition of the tartaric acid. To detect phosphates in minerals, rocks and 
slags,® a little of the powdered substance is placed on a filter-paper, or on a 
scratch on a porcelain plate, and the above test applied. A blank test should 
be made on the filter to see if it is free from phosphates. 


^ A. A. Blair, Chem, Newfi^ 56, 240, 1887. 

* G. Vortmann (Zeit, ami. (Jhem., 56, 465, 1917) says that if a solution of molylxlic acid 
be used, containing pyridine instead of nitric acid, the sensitivity of the test is increased 
ten-fold. P. Medinger {Chem, Ztg., 39, 781, 1915) adds a saturated solution of strychnine 
nitrate to 100 c.c. of a 40 per cent, solution of ammonium molybdate until the first-formed 
precipitate no longer dissolves. The resulting solution is poured into an equal volume of 
nitric acid (sp. gr. 1*4). The mixture is stood for 18 hours and then filtered. Twenty drops 
of this reagent will give a turbidity with 10 c.c. of a solution containing 0*25 mgrm. PjOj 
per litre. 

* F. Feigl, Zeit. anal. Chem.^ 61, 454, 1922; 74, 386, 1928; 77, 299, 1929; F, Frey, Chem. 
Ztg.f 48, 281, 1924. Compare F, Feigl, Mikrachew,., 2, 186, 1924; B. Angeli, Chem. Zentr., 
(2), 95, 1931. 

* Ammonium Molybdate Solution. — K. Fresenius, Anleiiung zur qualitativen chern^ 
ischen Analyse^ Braunschweig, 107, 1919. Dissolve 150 grins, of the salt in a litre of water 
and add a litre of nitric acid (sp. gr. 1*2). Let the liquid stand for several days in a warm 
place, then decant from any precipitate of ammonium phosphomolybdate and preserve 
for use. 

^ H. Leitmeyer, Mikrockem.^ 6, 144, 1928. 
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§ 325. The Properties of Ammonium Phosphomolybdate. 

The methods for the determination of phosphorus have probably been the 
subject of more investigations than any other analytical process.^ The subject, 
though clarified a little, is by no means definitely settled, since a number of 
contradictory statements confront the analyst. These can only be decided 
in the laboratory, but the very fact that the phenomena connected with this 
determination have led to a number of contradictions is a remarkable testimony 
to the obscurity of the reactions involved. In the valuation of phosphates 
by chemists selected by buyer and by seller, we have been informed that 
differences involving 10 -15 per cent, of the total cost of the materials were 
at one time by no means uncommon; and many analytical chemists were 
accordingly classed by sellers and buyers as “high” and “low” analysts.^ 
The buyer naturally favoured the “low” analyst; the seller, the “high” 
analyst. The differences, in moat cases, were probably due to the need for 
standard methods of analysis, particularly in dealing with so imperfect and 
faulty a method of analysis as was then in vogue. 

In 1851, Sonneschein showed that the reaction between ammonium 
molybdate and orthophosphoric acid, discovered by Svanberg and Struve ® 
three years earlier, could be used for the quantitative determination of phos- 
phorus. The precipitation of the orthophosphoric acid ^ takes place in the 
presence of iron, aluminium, lime, magnesia and the alkalies. 

The yellow ammonium phosphomolybdate is but sparingly soluble in water. 
According to Chesneau,^ 0-030 grm. of the ammonium phosphomolybdate 
dissolves in a litre of water at 15®. This means that if a litre of water comes 
in contact with the precipitate, 0-030 grm. will pass into solution. 

Action of Nitric Add. — Hundeshagen represents the reaction between 
ammonium molybdate and, say, sodium phosphate by the equation : 

Na 3 P 04 + 12 (NH 4 ) 2 Mo 04 + 26 HNO 3 - (NH 4 ) 3 P 04 . 12 M 0 O 3 • 2 HNO 3 . HgO 

-f 3NaN03 + 2INH4NO3 + 1 IHgO 

where 1 grm. of phosphoric anhydride — P 2 O 5 — corresponds with 23 grins, of 
nitric acid — HNO 3 , But the amount of nitric acid can be increased consider- 
ably beyond this amount without interfering with the precipitation. If, how- 
ever, the quantity of the nitric acid rises above 71 grms. HNO 3 gram of P 2 O 5 , 

^ For a review of methods, see A. Korovaar, Ckem. Weekh.^ 12 , 814, 1915; A. F. da Silva, 
Bev. Chim. Pura Appl., (3), 5 , 69, 1930. 

* A. E. Davies, Chem. Npavs, 23 , 220, 1871. See J. M. MoCandless and J. Q. Burton, 
Ind. Eng. Chem., 16 , 1267, 1924. 

® L. Svanberg and H. Struve, Journ. prnkt. Chem., ( 1 ), 44 , 257, 1848; H. Struve, ib., (1), 
54 , 288, 1851; L. Sonneschein, ib., (1), 53 , 339, 1851; H. Rose, Pogg. Ann., 76 , 26, 1849. 

* If meta- or pyro-phosphoric acids be present, they should be digested with, say, 
potassium permanganate or chromic acid. If a brown precipitate of manganese peroxide be 
produced, insoluble in acids, a small quantity of potassium nitrite will clear the solution. The 
manganese dioxide is reduced to MnO, w'hich dissolves in the acid. Nitric acid and potassium 
chlorate are not always vigorous enough to convert the meta> and pyro- to ortho-phosphoric 
acid. C. Meineke and E. F. Wood, BefJ. Univ. Mines, (3), 9 , 235, 1890; M. A. von Reis, 
Stahl Eisen, 9 , 1025, 1889; 10 , 1059, 1890. 

* G. Chesneau, Bev. Met., 5 , 237, 1908; G. de Lucchi, Buss. Min., 32 , 21, 1910; Tables 
annudles, 1 , 381, 403, 1910; V. Eggertz, Journ. prakt. Chem., (1), 79 , 496, 1860; F. Hundea- 
hagen, Chem. News, 60 , 169, 177, 188, 201, 205, 1889; Zeit. anal. Chem., 28 , 164, 1889; 
32 , 144, 1893; R. Fresenius, ib., 3 , 446, 1864; G. Jorgensen, ib., 45 , 273, 1906; Analyst, 
34 , 372, 1909; Mem. Acad. Boy. 80 c. Danemark, (7), 2 , 141, 1905; Zeit. angew. Chem., 24 , 
642, 1911; R. Finkener, Ber., 11 , 1638, 1878. Some say that the solubility of the pre- 
cipitate is decreased, and some say that the solubility is increased, by the addition of 
ammonium nitrate. 
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the precipitate of ammonium phosphomolybdate will be partially decomposed 
and the precipitation will consequently be incomplete. If over 1700 grms. 
of HNO3 per gram of PgOg be present, no ammonium phosphomolybdate will 
be precipitated. Both hydrochloric and sulphuric acids act more powerfully 
than nitric acid.^ In consequence, nitric acid gives the widest margin of safety 
between a sufficient quantity and an overdose of acid. The solvent effects of an 
overdose of nitric acid can be overcome by adding an excess of molybdate. 
The greater the excess of acid, the greater the amount of molybdate needed 
for the complete precipitation of the phosphate. Chesneau gives the solubility 
of ammonium phosphomolybdate in dilute nitric acid as follows : 

Table LX, — Solubility of Ammonium Phosphomolybdate in Nitric Acid, 


Nitric acid. 

Ammonium phosphomolybdate | 

dissolved per KX) c.c. acid. 

Per cent. 

Grm. at 

0 

()(X)30 

1 

00371 i 

5 

00682 I 

10 

i 00901 1 


This table shows that nitric acid augments the solubility of the precipitated 
ammonium phosphomolybdate. 

Action of Ammonium Nitrate, — Chesneau gives the solubility of ammonium 
phosphomolybdate in aqueous solutions of ammonium nitrate as follows : 

Table LXI, — Solubility of Ammonium Phosphomolybdate in Aqueous 
Solutions of Ammonium Nitrate, 


Ammonium 

Ammonium phosphomolybdate 

nitrate. 

dissolved per 100 c.c. solution. 

Per cent. 

Grm. at 15". 

0 

0 0030 

5 

i 0*0099 

10 

] 

1 00113 

j 


This shows an increase in the solubility of ammonium phosphomolybdate in the 
presence of ammonium nitrate. In the absence of ammonium nitrate, the 
precipitate is inclined to separate in a colloidal condition which is exceedingly 
difficult to filter clear. Hundeshagen showed that this will occur if less than 
0*5 per cent, of ammonium nitrate be present in the solution. The precipitate, 
even when this amount is present, settles slowly. In order to get rapidly 
settling precipitates, from 5 to 15 per cent, of ammonium nitrate should be 
present in the solution. Besides accelerating the rate of settling, ammonium 
nitrate also accelerates the rate of precipitation and ensures a more complete 


^ For the influence of sulphates, see P. L. Hibbard, Joum, Irtd, Eng, Vhem,, 5 , 998, 1913; 
K. G. Falk and K. Sugiura, Joum, Amer* Chem, 8oc,y 37 > 1507, 1915; A. Baule, W. Riedel 
and K. T&ufel, Zeit, Untersuch, Lebensm,, 67» 274, 1934; M. Ishibashi, Mem, Coll, Set, Kyoto, 
AlZ, 135, 1929. 
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precipitation with a smaller excess of ammonium molybdate.^ These facts 
are illustrated by the following numbers. The conditions in the different 
experiments were otherwise the same. 

Table LXII, — Effect of Ammonium X Urate on the Precipitation of 
A mmonium Phosphomoh/bdate, 



Amount of PaOe precipitated. 

Ammonium 



molybdate. 

No nitrate. 

10 grms. of nitrate. 

c.c. 

50 

01100 

oii 6 r> 

60 

01156 

01 160 

70 

01 155 

01160 

80 

01158 

01162 

90 

01165 

01163 


Hence, 50 c.c. of a given solution of ammonium molybdate will precipitate all 
the phosphoric acid in a given solution in the presence of ammonium nitrate, 
under conditions where 5*6 per cent, may escape precipitation in the absence 
of the ammonium nitrate. 

Influence of Temperahire, — The precipitate forms rather more quickly in hot 
solutions. According to Hundeshagen, if the ammonium phosphomolybdate 
be precipitated in the cold, it separates in the form of rounded grains of different 
sizes, which settle very slowly. Such precipitates are inclined to choke the 
pores of the filter-paper and retard filtration. If the precipitation occurs in hot 
solutions, the ammonium phosphomolybdate separates in the form of octa- 
hedral crystals (usually grouped '‘roscttenforrnig”), which settle rapidly and 
filter easily. The precipitate formed in hot solutions is also easier to wash. 
If the temperature of the solution be above 60°, white needles of ammonium 
tetramolybdate, (NH 4 ) 20 . 4 Mo 03 . 2 H 20 , may be produced by prolonged heat- 
ing, and this the more, the higher the temperature and the longer the 
solution is heated. Ammonium tetramolybdate is soluble in water and nitric 
acid, but is precipitated by ammonium nitrate. When ammonium tetra- 
molybdate is once formed, it will contaminate the precipitate even if the 
ammonium phosphomolybdate be dissolved and precipitated a second time. 
Hence, in order to avoid this source of error,^ the solution should not be heated 
too long a time, nor at too high a temperature. 

Composition of the Precipitate. — The actual composition of the precipitate 
depends upon the time of standing, temperature and the nature of the mother 


1 E. Richters, Zeit. anal. Chem., lo, 471, 1871; C. Stunkel, T. Wctzke and P. Wagner, 
t 6 ., 21 , 353, 1882; F, Hundeshagen, id., 28 , 141, 1889; C. Giltat, Correspondenz Ver. anal. 
Chem., 1 , 1878; S. W. Johnson, Journ. Amer. Chem. JSoc., 16 , 462, 1894; G. E. F. Lundell 
and J. I. Hoffman, Ind. Eng. Che.m., 15 , 44, 1923. 

* In illustration of the different ideas which prevail as to the time and temperature of 
heating required for complete precipitation, the following may be quoted: — R. Fresenius 
{Zeit. anal. Chem., 3 , 446, 1864) — 6 hrs. at 65^’; R. Frf^ 8 eniu 8 (AnJeituv^ zur qwintitativen 
chemischen Analyse, Braunschweig, i, 411, 1875) — 12 hrs. at 40”; O. Abesser, W. Jani and 
M. Marcker {Zeit. anal. Chem., 12 , 254, 1873) — 4 to 6 hrs. at 50”; C. Stunkel, T. Wetzke and 
P. Wagner (ib., 21 , 353, 1882) — 1 hr. at 80” to 90”; P. l*ietsch, W. Itohn and P. Wagner, 
(id., 19 , 444, 1880); W. R. Mummery {Analyst, 43 , 324, 1918)~-‘30 nains. at 60”; R. de Roode, 
Journ, Amer, Chem, Soc., 17 , 43, 1895; M. Fleischer and K. Miiller, Journ, Landw,, 20 , 
96, 1875. 
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liquid. This partly explains how so many different factors have been proposed 
for converting the weight of the precipitate into the equivalent “ P 2 O 5 .” Thus, 
factors varying from 3*02 per cent. P 2 O 5 (Sonnoschein) to 4*39 per cent. 
(Debray) have been suggested. The following selection ^ will illustrate the 
different results which have been obtained for the composition of the yellow 
ammonium phosphomolybdate ; 


H 20 

Rammelsberg. 

. 5*77 

Sonnoschein. 

|lM 8 

Gibbs. 

3*94 

Gladding. 

2*44 

NH 4 

3*25 

3*35 

2*44 

P2D5 

3*90 

3*02 

3*66 

3*76 

M00.J 

86*45 

86*08 

89*05 

91*36 


Obviously, if the preci})itation be Jiot performed under definite conditions, 
there is some uncertainty as to the composition of the precipitate. Hence, 
the precipitate is frequently redissolved in ammonia and reprecipitated in 
the form of ammonium magnesium phosphate, or as ammonium phospho- 
molybdate. 

Chesneau ^ has studied this phase of the subject. He found that when 
ammonium nitrate is absent, the precipitate weighs less than theory requires, 
and this the more with solutions containing small amounts of phosphorus. 
When ammonium nitrate is present, the ])re(;ipitate with solutions poor in 
phosphorus is heavier than theory requires. As a matter of fact, the precipi- 
tate is not always a single compound, but a mixture of different substances — 
ammonium ])hosphomolybdate, molybdic acid, ammonium tetramolybdate 
and occluded amnionium molybdate.^ When ammonium nitrate is absent, 
the amount of molybdic acid in the precapitate increases with increasing 
concentration of the ])hosphoric acid, up to a certain definite limit. When 
ammonium nitrate is present, the amount of molybdic acid increases as the 
amount of phosphorus decreases. When no molybdic acid crystals are present, 
as will be the case when about 0*0()5 grm. of phosphorus is present, the stellate 
crystals of ammonium phosphomolybdate predominate. If the amount of 
phosphorus be reduced to 0*00027 grm., the precipitate will be contaminated 
with triclinic crystals of ammonium tetramolybdate. 

Influence of Ammonium Salta , — Fresenius ^ has shown that the presence of 


^ C. Rammelsberg, Jier. Berl, Akad., 573, 1877; Ber,, 10 , 1776, 1877; B. Finkener, ib., 
II, 1638, 1878; L. Sonnoschein, Journ. prakt. Chem.^ (1), 53 , 339, 1851; M. Seligsohn, ib,, 
(1), 67 , 470, 1856; V. Eggertz, ib., ( 1 ), 79 , 490, 1860; W. Gibbs, Amer. Chem. Jourti., 3 , 
317, 406, 1881; Proc.. Amer. Aciid., 18 , 232, 1883; 21 , 96, 1886; Chem. News, 45 , 29, 1882; 
H. Debray, ib., 17 , 183, 1868; Cornpt. rend., 66 , 702, 1868; S. Postemak, ib., 170 , 930, 1920; 
D. J. Hissink and H. van dcr Waerden, Chem. Weekbhid, 2 , 179, 1906; G. A. Spiess, Viertelj. 
Pharm., 9 , 267, 1860; M. Nutzinger, ib., 4 , 549, 1855; J. Koiiig, Landw. Vers. Stat., 10 , 401, 
1868; A. Villiors and F. Borg, Bull. Soc. chim., (3), 9 , 486, 1893; Compt. rend., 116 , 989, 
1893; H. C. Babbitt, Journ. Anal. App, Chem,, 7 , 165, 1893; A. von Lipowitz, Pogg. Ann., 
109 , 135, 1860; C. Friedheim, Zeit. anorg. Chem., 4 , 275, 1893; T. Salzer, Liebig's Ann., 
187 , 322, 1877; G. P. Baxter and R. C. Griffin, Amer. Chem. Journ., 34 , 204, 1905; T. S. 
Gladding, Journ. Amer. Chem. Soc., 18 , 23, 1896. 

* G. Chesneau, Rev. Mei., 5 , 237, 1908; Principes Moriques ei pratiques d' Analyse minerale, 
Paris, 233, 1912; M. Ishibashi, Metn. Coll. Sci. Kyoto, A 12 , 135, 1929; 8 . Kitajima, Set. 
Papers Inst. Phys. Chem. Tokyo, x 6 , 285, 1931. 

® G. P. Baxter, Amer. Chem. Journ,, 28 , 298, 1902. 

^ R. Fresenius, Zeit. anal. Chem., 3 , 446, 1864; R. Fresenius, C. Neubauer and £. Luck, 
ib., zo, 133, 1871; G. K5nig, ib., xo, 305, 1871; £. Richters, Dinghr's Journ., X99, 183, 
1871; G. E. F. Lundell and J. I. Hoffman, lnd>. Eng. Chem., 15 , 44, 1923. For the separation 
of phosphorus and arsenic, see J. Courtois, Journ. Pharm. Chim., ( 8 ), 23 , 269, 404, 1936; A. 
Tettamanzi, AUi Accad. Sci. Torino, Classe Sci. Fis. Mat. Nat., 7X, 125, 1936. 
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ammonium chloride retards the precipitation,^ and Richters has shown that 
the presence of ammonium sulphate acts in a similar manner. In these cases, 
a larger excess of ammonium molybdate must be added, or the results will 
be low. 

Influence of Iron Salts , — If ferric salts be present, a comparatively large 
excess of ammonium molybdate is needed, even in the presence of ammonium 
nitrate; and if too little acid be present, a reddish crust which does not readily 
dissolve in ammonia may be formed. This is due to the formation of a ferric 
phosphomolybdate,* According to Meineke, a larger excess of nitric acid is 
also needed if much iron be present in the solution, in order to prevent the 
precipitation of iron with the ammonium phosphomolybdate ; and Jiiptner ® 
proposes to use 6 per cent, of tartaric acid with the molybdate solution in 
order to prevent the precipitation of the iron. 

Influence of Titanium and Vanadium . — The presence of titanium retards 
the precipitation of ammonium phosphomolybdate. For instance, two solu- 
tions, each containing the equivalent of 0*140 grin, of ammonium phospho- 
molybdate, gave the following results: 

Titanic acid (equivalent of) . . . 0*(X)8 0*016 grin. 

Ammonium phosphomolybdate . . 0*122 0*118 grm. 

Hence, there is a deficiency of 13 per cent, of ^ 2^5 presence of but 

0*008 grm. of titanic acid. Pattinson ^ separates the titanium ® before pre- 
cipitating the phosphorus, in the following way: — Reduce the ferric to ferrous 
sulphate; add a saturated solution of ammonium alum and then an excess 
of ammonia. The precipitate contains aluminium phosphate, aluminium 
hydroxide and titanic oxide. Fuse the washed and ignited precipitate with 
sodium carbonate and extract the fused mass with water. Sodium phosphate 
and aluminate dissolve, while sodium titanate remains insoluble. “As a rule, 
one fusion suffices to separate all the phosphoric acid from the titanic acid.’* 
Conversely, Lundell and Hoffman ® say that phosphorus can be accurately 
determined, even in the presence of a fifty-fold excess of titanium, by 
preliminary precipitation as phosphomolybdate, prior to conversion to 
magnesium pyrophosphate. Difficulties may arise, however, when much 
titanium or zirconium is present, owing to the separation of titanium or 
zirconium phosphate during solution of the material. In such cases the 
insoluble residue is filtered off and fused with sodium carbonate, as in 
Pattinson’s method. 

Vanadium is carried down quantitatively by the phosphomolybdate 
precipitate, which has then different properties from the ordinary precipitate. 


1 C. Moineke {Chem. Ztg., 20, 113, 1896) says that ammonium chloride does not retard 
the precipitation. 

* G. Chesneau, Bev. Met., 5, 237, 1908; G. Arth, Bull. Soc. chim., (3), 2, 324, 1890; 
Chem. News, 62, 155, 1890; C. Meineke, Bep. Anal. Chem., 6, 304, 1886; E, Wolff, Zeit. 
ancU. Chem,, 3, 94, 1864; R. Fresenius, ib., 3, 446, 1864; P. Schweitzer, ib,, 9, 85, 1870; 
J. V. Janovsky, ib., ii, 157, 1872; S. W. Johnson, Joum, Amer, Chem, Soc., 16, 462, 1894; 
L. von Szell, Landw, Vers. Stat., 55, 341, 1901; E. H. Archibald and H. B. Keegan, Trans. 
Boy, Soc. Canada, 10, 67, 1916. 

* R. Woy, Chem. Ztg., 21 , 470, 1897; H. F. von Jiiptner, Getter. Zeit. Berg, HuU., 42, 
471, 1894; A. Villiers and F. Berg, Compt. rend., 116, 989, 1893; A. von Endr^y, Zeit. 
anorg. allgem. Chem., 194, 239, 1930. 

* J. and H. S. Pattinson, Joum. Soc. Chem. Ind,, 14, 443, 1895; P. H. Waller, Jcmm. 
Amer. Chem. Soc., 20 , 613, 1898; C. Baskerville, Joum. Anal. Appl. Chem., 7, 194, 1893. 

^ In silicate analyses, titanium phosphate separates with the silica during the evaporation 
for silica. 

* G. E. F. Lundell and J. I. Hoffman, Ind. Eng. Chem., 15, 171, 1923. 
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for it is more soluble in nitric acid and in the ordinary washing solutions.^ 
If vanadium be present, it is reduced to the quadrivalent state by the addition 
of 2 to 3 c.c. of 10 per cent, ferrous sulphate solution (phosphorus-free) and a 
few drops of sulphurous acid. The phosphomolybdate is then precipitated 
from the reduced solution at a temperature not exceeding 20'^.^ 

Influence of Arsenic Oxide. — If arsenic be present and the temperature of 
the solution be too high, ammonium arsenomolybdate will contaminate the 
precipitate of ammonium phosphomolybdate, and, later on, the second 
precipitate. A temperature of 45"^ is generally considered a safe upper limit, ^ 
but if much arsenic be ])Teseiit, the phosphomolybdate precipitate will even 
then be contaminated. For instance, Jorgensen found the following amounts 
of arsenic in the j)recipitated phosphomolybdate after standing 24 hours 
at 37°: 

Original solution contained . 0-(X)33 0-()066 0*0143 grm. arsenic acid. 
Precipitate contained . . 0*0013 0*0029 0*0040 grm. arsenic acid. 

It is therefore advisable to remove the arsenic, if present, either by means 
of hydrogen siiljjhide (Fresenius) or by evaporation with hydrochloric and 
oxalic acids (Campbell).^ 

Influence of Silica. — It is generally agreed that silic.a should be removed, 
since it is liable to be precipitated in the form of ammonium silicomolybdate,^ 

' H. Brearley and F, Ibbotson, The Ayialysis oj Steel- W or ks Materials^ London, ICIL 1002; 
J. K. Cain and .1. 0. Hostetter, Journ. Ind. Eny. Chem., 4, 250, 1912. 

* .1. H. Cain and F. 11. Tucker, Journ. Ind. Eng. Chem.t 5, 647, 1913; W. O. Robinson, 
ib.f 8, 148, 1916; G. E. F. Lundoll and J. I. Hoffman, ?’6., 15, 171, 1923; H. A. Gortner and 
W. M. Shaw, Soil Sci., 2, 299, 1916. Copper, molybdenum, aluminium, chromium and 
nickel do not interfere: arsenic, tin, titanium and tungsten do, and must be removed. G. W. 
Gray and C. D. Garbutt {Journ. Iron Steel Inst., m, 395, 1925; Engineering^ 119, 717, 
1925) precipitate phosphorus as magnesium ammonium phosphate in the presence of citric 
acid when vanadium is present. F. W. Kriesel (Chern. Ztg.y 47, 177, 1923) removes vanadium 
as vanadyl forrocyanide and then separates the phosphate in the filtrate by precipitation 
with ammonia in the presence of ammonium alum. 

® H. C. Babbitt, Journ. Amer. Chem, Soc.t 6, 381, 1884; J. O. Handy, *6., 16, 231, 1894; 
M. Frank and F. W. Hinrichsen, Stahl Eiaefi, 28, 295, 1908; M. Seligsohn, Journ. prakt. 
Chem., (1), 67, 481, 1856; H. Scyl^erth, Ber., 7, 391, 1874; W. Gibbs, Am.er. Chem. Journ., 
7, 313, 1886; R. 1). Camjibell, Journ. Amtl. App. Chem., 2, 370, 1888; B. Moreau, Journ. 
Pharm. Chim., (5), 26, 157, 1892. 

* R. Fresenius, Anleitung zur quaniitativen chemischen Analyse, Braunschweig, i, 421, 1875; 
E. D. Campbell, Journ. Anal. App. Chem., 7, 2, 1893; G. Jorgensen, Mem. Acad. Hoy. Soc. 
Danetmrk, (7), 2, 141, 1905; P. Champion and H. Pellet, BtUl. Soc. chim., (2), 27, 6, 1877; 
Chem. News, 35, 115, 1877; G. Maderna, Atti Accad. Lined, 19, 15, 1910; G. W. Gray and 
C. 1). Garbutt, Journ. Iron Steel Inst., iii, 395, 1925; Engineering, 119, 717, 1925; G. E. F. 
Lundell and J. I. Hoffman, Ind. Eng. Chem., 15, 44, 171, 1923. 

* T. Petersen, Verhandl. Oeol. Reichaanst., 80, 1869; W. Kuop, Chem. Cenir., 2, 691, 
861, 1857; R. Fresenius, Anleitung zur quemtitativen chemischen Analyse, Braunschweig, i, 
411, 1875; J. H. Vogel, Repert. Anal. Chem., 7, 469, 568, 1887; E. Richters, Dingier' a Journ., 
199, 183, 1871; R. W, Atkinson, Chem. News, 35, 127, 1877. On the other hand, E. Thilo 
{Chem. Ztg., ii, 193, 1887), E. R. E. Muller {ib., 35, 1201, 1911), E. H. Jenkins {Journ. prakt. 
Chem., (2), 13, 237, 1876), G. Kennepohl {Chem. Ztg., 11, 1089, 1887), C. Meineke {Repert. 
Anal. Chem., 6, 303, 325, 1886), J. Hanamann {Zeit. Landw. Vers. Oat., 3, 53, 1900), and 
H. C. Sherman and H. S, J. Hyde {Journ. Amer. Chem. Soc., 22 , 652, 1900) consider that no 
notice need be taken of the silica. For the separation of phospho- and ailico-molybdate^, see 
P. G. M^Iikoff, Compt. rend., 154, 1478, 1912. The method is to digest the molybdate pre- 
cipitate with “ permoly bdate reagent” four times during 24 hours. The phosphomolybdate 
passes into solution, while the silicomolybdate remains insoluble. Filter. Destroy the 
hydrogen peroxide by heating, and precipitate the phosphoric acid in the filtrate as usual. 
The ^'permoly bdate reagent” is made by mixing equal volumes of 30 per cent, hydrogen 
peroxide and an 8 per cent, solution of ammonium molybdate in nitric acid. The method 
is also used for the separation of phosphoric and colloidal silicic acids — P. G. M^likoff and 
M, Becaia, Compt. rend., 1:54, 776, 1912; CAem. Zig., 36, 617, 1912; P. G. Melikoff, Joum. 
Muss. Phys. Chem. Soc., 44, 605, 1912. 



A TBEATISE ON CHEMICAL ANALYSIS. 


672 

which contaminates the phosphomolybdatc and, incidentally, does not settle 
so quickly as the latter coinpound. According to Isbert and Stutzer,^ the 
siliconiolybdate can be removed from the phos 2 )homolybdate by washing 
with ice-cold water, in which the former is easily soluble, the latter almost 
insoluble. The silica is, however, usually removed by evaporation before the 
separation of the phosphorus. 

Influence of Fluorine, — Fluorine delays the formation of the precij)itate of 
ammonium phosphomolybdatc and gives rise to errors in the determination. 
It can be removed by the addition of borax and evaporation of the solution. ^ 

Influence of Organic Matter, — Carbonaceous matter is generally supposed 
to hinder the precif)itation of the ammonium phosphomolybdatc precipitate 
so also are the organic acids— tartaric and oxalic. Jiiptner, however, says 
that this is not the case, and even recommends the addition of tartaric a(‘id 
with the aimnonium molybdate solution to retard the precijntation of the 
iron. 

§ 326. The Gravimetric Determination of Phosphorus Woy’s Process. 

Woy’s method ^ of separating phosphorus in the form of ammonium 
phosphomolybdatc is one of the best. The phosphoric oxide in an aliquot 
portion ^ of the acid solution of the pyrosulphate fusion, or from the silica 
sej3aration, obtained in the regular course of the typical silicate analysis 
(page 168) may be determined by this process; or separated by Joulie’s 
process (page 682), and determined colorimetrically. 

An aliquot portion,® say KX) c.c., of the solution of the 2 >yrosulphate fusion 
(page 168) is neutralised with ammonia and evaporated, if necessary, to about 
50 c.c.’ Add concentrated ammonia until a precipitate forms which does not 
disappear on standing; add, say, 5 c.c. of concentrated nitric acid; add, say, 
15 c.c. of ammonium nitrate solution,® so that the solution has between 5 and 
15 per cent, of ammonium nitrate.® Place a thermometer in the liquid. 
Heat the solution to about 70°. Raise the thermometer about 2 inches above 
the level of the liquid in the beaker and pour rajudly^ into the solution, say, 

1 A. Isbert and A. Stutzer, Zeit, amil, Chem,, 26 , 583, 1887; Chem, News, 57 , 211, 1888. 

* F. W. Neuhaus, Zeit. anal. Che.m., 104 , 416, 1936. 

® F. Hundeshagen, Zeit. anal. Chem., 28 , 164, 1889; J. Konig, ib., 10 , 305, 1871; E. 
Richters, Dingier' s Joum., 199 , 183, 1871; V. Eggertz, Journ. prakt. them., ( 1 ), 79 , 496, 1860; 
H. F. von Jiiptner, Oester. Zeit. Berg. Hiitt., 42 , 471, 1894; R. Woy, Chem, Ztg., 21 , 470, 1897 ; 
C. Reichard, ib,, 27 , 833, 1903; R. Hamilton, Journ, Soc. Chem, Ind., 10 , 904, 1891; G. 
Madema, Atti Accad. Lincei, 19 , 827, 1910; A. Tamm, Chem, News, 49 , 208, 1884; M. Schild, 
Chimiste, 3 , 25, 1912; M. Ishibashi, Mem, Coll. Sci. Kyoto, A12, 135, 1929; A. von Endr^dy, 
Zeit. anorg, allgem, Chem., , 194 , 239, 1930. 

* R. Woy, Chem. Ztg., 21 , 441, 469, 1897; A. H. Maude, Chem. News, lox, 241, 1910; 
G. B. van Kampen, Chem. Weekblad, 3 , 376, 1906; F. Hinden, Zeit. anal. Chem., 54 , 214, 
1915; J. Clarens, Compt. rend., 166 , 259, 1918; Bull. Soc. chim., (4), 25 , 87, 1919; W. R. 
Mummery, Analyst, 43 , 324, 1918; G. Jorgensen, ib„ 51 , 61, 1926; G. E. F. Lundell and 
J. I. Hoffman, Journ. Ind. Eng. Chem., 15 , 44, 171, 1923; V. A. Beckley and A. Marais, 
Journ, 8 , African Chem, Inst., 6 , 35, 1923; W. F. Pond, Chemist- Analyst, 45 , 16, 1925; 
M. Ishibashi, Mem. Coll. Sci. Kyoto, A 12 , 135, 1929; S. Kitajima, Sci. Papers Inst. Phys, 
Chem. Tokyo, 16 , 285, 1931 ; W. J. Skilling and E. I). Ballantine, Journ. 80 c. Chem. hid., 
48 , 115T, 1929. 

® Or in the portion used for the determination of iron or titanium. 

* If possible, no more solution should be taken than is equivalent to 0*1 grm. of P 2 O 5 . 
If more than this amount be present, take an aliquot portion and dilute to, say, 50 c.c. 

’ Most other solutions are treated in a similar manner. Arsenic is assumed to be absent. 

* Ahmokixjm Nitbatb Solittiok. — D issolve 320 grms. of ammonium nitrate in water 
and make the solution up to a litre (4E). 

* The following table gives the relative proportions of ammonium molybdate, nitric acid 
and ammonium nitrate to be used: — 
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10 c.c. of ammonium molybdate solution ^ down the stem of the thermometer, 
using it as a glass rod. Stir the liquid well. The yellow precipitate separates 
more thoroughly in hot solutions. Keep the solution at 70® for about half an 
hour. Decant through, say, a 7- or a 9-cm. filter- paper, and wash the precipi- 
tate ^ by decantation ® (about six times) with a mixed solution (about 50 c.c.) 
of equal volumes of the ammonium molybdate solution, ammonium nitrate 
and nitric acid (1 : 2), until no permanent precipitate ^ separates from a drop 
of the wash-liquid on standing.® The precipitate is now distributed between 
the beaker and the filter-paper. Place the beaker with the precipitate beneath 
the funnel and dissolve the precipitate on the filter-paper with dilute ammonia 
(2*5 per cent.). If all the precipitate in the beaker docs not dissolve, pour 
more ammonia into the beaker.® Wash the filter-paper lialf a dozen times 

Table LXllI. — Composition of Mother Liquid for the Precipitation of 
A mmonium Phosphomolybdate. 


IV).. 

Ammonium 

molybdate. 

Ammonium 

nitrate. 

Nitric acid. 

grill. 

c.c. 

c.c. 

c.c. 

0*1 

120 

30 

19 

0*01 1 

15 

20 ! 

10 

0*(M)5 1 

15 

20 

10 

0*002 1 

10 

15 

5 

0*(M)l 

10 

15 

5 


When 0*5 grin, of substance is in question, every per cent, of in the original sample 
requires 5 c.c. of the molybdate solution (K. P. Treadwell, Kurzes Lehrbuch der a7ialytiftchen 
Chemie, Leipzig, 361, lOil). Sec also S. Kitajima, Sri. Papers Inst. Phys. Chnn. Tokyo, 
16, 285, 1031; M. Ishibashi, Mem. Coll. Sri. Kyoto, Ai2, 135, 1929. 

^ Ammonium Molybdatk iSolction. — Dissolve 34*34 grms. of ammonium heptamolybdate 
— 3(NH4)2O.7 MoO 3.4H20 — in water and make the solution up to a litre (^E). I c.c. is nearly 
equivalent to 0*(K)1 grm. Pg^^c* better to make the solution as needed; old solutions 

should not l>e used. The yellow deposit found in old solutions of ammonium molybdate is 
hydrated molybdic acid, H2M0O4.H2O — A. R. Penfold, Austral. Phamn. Notes and News, 
13, 17, 1917. Note that the ammonium molybdate of commerce is not (NH4)2Mo04, but 
(NH4)4 Mo 7024.4H20. The gradual precipitation of molybdic acid is avoided by storing the 
solution in green glass bottles to cut off heat rays from light — W. Heike, StuM Kisen, 29, 
1446, 1909. For the properties of molybdate solutions, see papers cited above and A. L. 
Winton, Journ. Amrr. Chem. Soc., 18, 445, 1896; M. Kupferschlagcr, Bull. Soc. chim., (2), 
36, 644, 1881 ; E. E. Mains, Chemist- Analyst, ii, 23, 1914. 

* In washing, the yellow precipitate often has a tendency to crawl above the top of the 
paper. Hence, the paper should fit the funnel closely, so that the portion which crawls will 
not be lost. 

® There is no need to transfer all the precipitate from the beaker to the filter-paper when 
a second precipitation is to be made. 

* Pure water decomposes the precipitate. If a yellow precipitate should separate in the 
washings on standing, all the phosphorus was not precipitated. In that (?ase, the filtered 
liquid must be treated with more ammonium molybdate, filtered and the precipitate washed 
again. A white precipitate of molybdic acid or ammonium tetramolybdate can be ignored. 

^ E. Raben (Zeit. anal. Chem., 47, 546, 1908) washes until the wash -water gives no pre- 
cipitate with potassium ferrocyanide. J. M. McCandless and J. Q. Burt.on (hid. Eng. Chem., 
16, 1267, 1924) wash with a 5 per cent, solution of ammonium nitrate until the washings 
give no reaction for molybdenum when tested with hydrogen sulpliide. 

* If the liquid in the beaker remains turbid, acidify with nitric acid, add a small crystal 
of citric acid and, finally, ammonia until the liquid is alkaline. If the liquid be still turbid, 
^ter, ignite the residue in a platinum crucible and fuse with a little sodium carbonate. Digest 
the cake with water, filter, acidify the filtrate with nitric acid, boil, make ammoniacal and 
add to the rest of the solution. See G. E. F. Lundell and J. 1. Hoffman, Ind. Eng. Chtm.^ 
15, 44, 171, 1923. 
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with the aninioiiia solution. The liquid in the beaker will now occupy about 
50-100 c.c. It contains practically all the phosphoric acid, some molybdic 
acid and ammonium nitrate in ammoniacal solution.^ The phosphorus may 
be determined in sev^eral different ways. Reprecipitation as ammonium 
magnesium phosphate or as ammonium phosphomolybdate will give satis- 
factory results,^ 

Alternative Procedure . — The following process for precipitating the 
phosphorus differs in some details from that outlined above. It gives excellent 
results. Dissolve 2*5 grms. of ammonium molybdate in 12*5 c.c. of water 
and add one drop of concentrated ammonia. Pour the solution into 12*5 c.c. 
of concentrated nitric acid. The mixed solution will precipitate 0*03 grm. 
of phosphorus; for larger quantities, proportionately increase the amount 
of precipitant taken (or decrease the weight of the sample used). The 
molybdate solution should be made up just before use. The phosphorus 
solution, which must be free from silica and hydrochloric acid, is just acidified 
with nitric acid and to it is added a 30 per cent, solution of ammonium nitrate 
at the rate of 15 c.c. for every 100 c.c. of phosphorus solution. Add the 
molybdate solution in the cold and then heat the mixture on a water bath 
but do not boil. Stir well and stand overnight. 

§ 327. Reprecipitation as Ammonium Magnesium Phosphate. 

Since Neubauer’s researches, a considerable number of investigations has 
been made to determine the conditions whereby quantitative precipitation 
of magnesium ammonium j)hosphate can be ensured.® As mentioned on 
page 205, the danger is that the precipitate may be contaminated to a greater 
or smaller extent with normal magnesium phosphate, Mg3(P04)2, or with 
tetrammonium magnesium diphosphate, Mg(NH4)4(P04)2, neither of which 
when once formed is readily converted into magnesium ammonium phosphate, 
MgNH4P04. In particular, Balareff has thoroughly investigated this point 


^ For the error due to phosphorus in the glass beakers, see A. Vita, Stahl Eisen^ 32, 1352, 
1912. 

* Recovery of Molybdenum Residues. — R. Fresenius, Zeit. anal. Chem., 10, 204, 1871 ; 
F. Muck, ib,, 10, 307, 1871; 8, 377, 1869; O. Maschke, t6., 12, 380, 1873; H. Uelsmann, ib,, 
16, 52, 1877; E. Reichardt, Arch, Pharm., (3), 2, 232, 1873; A. Gawaiovski, Chcm. NewSy 75, 
98, 1897; Oeslcr, Chem. Ztg,, i, 385, 1898; H. Bdrntrager, Zcit. atial. Chem.y 33, 341, 1894; 
Chem. NewSy 70, 224, 1894; Zeit, aiud, Chem.y 33, 341, 1894; M. M. Hoff, Chemist- AnalyM, 
8, 5, 1914; W. D. Brown, Journ, Ind, Eng. Chem., 7, 213, 1915; C. G. Armstrong, ib., 7, 
764, 1915; P. Rudnick and R. D. Cooke, ib., 9, 109, 1917; V. Lenher and M. P. Schultz, 
id., 9, 684, 1917; J. A. Prescott, Analysty 40, 390, 1916; H. Kinder, Stahl Eisen, 36, 1094, 
1916; R. Friedrich, Chem. Ztg., 40, 560, 1916; 41, 674, 1917 ; A. Grdtc, id., 40, 813, 1916; 
H. Stamm, id., 40, 717, 1916; H. Rubricus, id., 40, 917, 1916 ; W. H. Lynas, Met. Chem. 
Eng.y 19, 169, 1918. 

* H. Neubauer, Ueber die Zuverldssiglceit der PhoaphorsdurebeMimmnng als Magnesium- 
pyrophosphaty Rostock, 1893; Joum. Amer. Chem. Soc., 16, 289, 1894; K. K. Jarvinen, 
Zeit. anal. Chem.y 43, 279, 1904; 44, 333, 1905; L. Moeser and G. Frank, id., 52, 346, 1913; 
Z. Karaoglanow, id., 57, 497, 1918; G. Jorgenson, id., 45, 273, 1906; 46, 370, 1907; 50, 
337, 1911; 66, 209, 1925; Analysty 34, 392, 1909; 51, 61, 1926; Mem. Acad. Hoy. Soc. 
Danetnark, (7), 2, 141, 1905; Zeit. angew. Chem., 24, 642, 1911; L. W. Winkler, id., 32, 98, 
1919 ; L. Desbourdeaux, Bull. Set. pharmacoL, 27, 225, 300, 363, 1920; G. E. F. Lundell 
and J. 1. Hoffman, Ind. Eng. Chem., 15, 44, 171, 1923; J. M. McCandless and J. Q. Burton, 
id., x6, 1267, 1924; 19, 406, 1927; A. Travers and Mile. Perron, Ann. Chim.y (10), 2, 43, 
19^; F. L. Hahn, K. Vieweg and H. Meyer, Ber., 60B, 971, 1927; B. W. Kilgore, Joum. 
Amer. Chem. Soc., 16, 793, 1894; 17, 941, 1896; W. M. McNabb, id., 49, 891, 1927; 50, 
300, 1928; K* Krilonko, Ar^it; Bemiju, 2 , 197, 1928; M. Ishibashi, Mem. Coll, Sei. Kyoto, 
Ai2, 23, 39, 49, 1929; J . I. Hoffman and G. E. F. Lundell, U.S. Bur. Stand. Joum. Research, 
5, 279, 1930; H. Kkinmann, Biochem. ZeU., 99, 19, 1919. 
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and concludes that a precipitate of the required composition can only be 
obtained by the method of Schmitz.^ 

The details of the recommended procedure are as follows: — The bulk of 
the ammonia in the ammoniacal solution of the phosphomolybdate precipitate 
is neutralised with hydrochloric acid. An excess of acid magnesia mixture ^ 
is added, followed by 5 grms. of ammonium acetate ^ and a few drops of 
phenolphthalein. The mixture is heated nearly to boiling and then a 
2*5 per cent, solution of ammonia is run in from a burette with constant 
stirring until a turbidity is produced. On further stirring, the turbidity 
should disappear and the precipitate become crystalline within a minute. 
More ammonia is added until a pink coloration appears. Any precipitate 
on the stirring rod is washed off with 10 per cent, hydrochloric acid and more 
ammonia added until the pink colour reappears. When completely cooled, 
the solution is diluted with one-fifth its volume of concentrated ammonia 
(sp. gr. 0*88), stirred thoroughly, allowed to stand for a few minutes and then 
filtered. The precipitate is washed well with 2*5 per cent, ammonia solution, 
followed by two washings with absolute alcohol; after drying over a small 
flame, the precipitate is ignited to constant weight at 1100°.^ 

§ 328. Reprecipitation and Weighing as Ammonium 
Phosphomolybdate.® 

To the ammoniacal solution of the ammonium phosphomolybdate (see 
§ 326) add 20 c.c. of ammonium nitrate solution and 1 c.c. of ammonium 
molybdate, solution, of the same concentrations as were used in the first 
precipitation ® of the phosphomolybdate (pages 672- 3). Heat the solution until 
gas bubbles begin to form and add 20 c.c. of hot 5 per cent, nitric acid gradually, 


1 D. Balarcli, Zeit. anorg. Chem,, loi, 229, 1917; 103 , 73, 1918; 104 , 53, 1918; 106 , 268, 
1919; 1 17 , 91, 1921 ; B. Schmitz, Zeit. anal. Chem., 45 , 512, 1906; 65 , 46, 1924. 

* Schmitz (l.c.) recommends 30 c.c. of magnesia mixture for 0- 1-0*55 grm. P2O5. Acid 
Magnesia Mixture. — Dissolve 56 grms. of magnesium chloride, MgCb-OHjO, and 105 
grms. of ammonium chloride in water. Filter, make acid to methyl orange with hydrochloric 
acid and dilute to a litre. 

* To reduce the solubility of the magnesium ammonium phosphate — B. Schmitz (/.c.); 
W. M. McNabb {l.c.). 

* The ignited precipitate should be white. J. M. McCandless and J. Q. Burton {Ind. 
Eng. Chem., 19 , 406, 1927; F. Scheiding, Zcit. angew. Chein.^ 8 , 79, 1895) moisten the pre- 
cipitate on the Gooch crucible with ammonium nitrate solution before ignition in order to 
obtain a white residue. Traees of molybdic acid may contaminate the precipitate, even 
after a double precipitation — A, A. Blair, Chem. Nev?,% 56 , 246, 1887; A. Gawalovski, Oester, 
Chem. Ztg., z, 385, 1890; J, M. McCandless and J. Q. Burton, l.c. W. Joma {Journ. Biol. 
Chem.t 25 , 87, 1916) recommends air drying and weighing as MgNH 4 P 04 . 6 H 20 . 

* A. Carnot, Bull. Soc, chim., (3), 9 , 340, 1893; Compt. rend., 1 16 , 106, 1893; A. Villiers 
and F. Borg, Compt. rend., Xi6, 989, 1893; Joum. Pharrn., 27 , 570, 1893; Bull. Soc. chim., 
(3), 9 , 486, 1893; A. Villiers, ib., (4), 23 , 305, 1918; N. von Lorenz, Landw. Versuchs. Stat., 
55 , 183, 1901; A. Stutzer, ib., 94 , 261, 1919; N. von Lorenz, Chem. Ztg., 32 , 707, 1908; 
Oester. Chem. Ztg., 14 , 1 , 1911; P. Christensen, Zeit. anal. Chem., 47 , 529, 1908; H. Neubauer 
and F. Liicker, ib., 51 , 161, 1912; O. Fallada, Oesterr-mig Zeit. Zucker-Jnd. Landw., 37 , 
333, 1908; Chem. Zentr., (2), .827, 1908; F. Haussding, Landw. Jahrb., 45 , 119, 1913; F. 
Haussding and 0. Lemmermann, ib., 46 , 327, 1914; CAem. Zentr., (2), 606, 1914; W. Holle, 
Chem. Ztg., 38 , 1083, 1914; C. Keichard, Pharrn. Zentralhalle, 52 , 1314, 1911; A. W. Clark 
and R. F. Keeler, Joum. Asa. Off. Agric. Chem., 5 , 103, 1921 ; R. Kuhn, Zeit. physiol. Chem., 
129 , 64, 1923; M. Marqueyrol and L. Toquet, Ann. Chim. anal., (2), 9 , 225, 1927; F, Holtz, 
Bioch&m. Zeit,, 210 , 252, 1929; M. Ishibashi, ifem. Coll. Sci. Kyoto, Az2, 135, 1929; R. H. A. 
Plhxuner, Biochem. Joum., 27 , 1810, 1933; G. Jdrgensen, Zeit. anal. Chem., 108 , 190, 1937. 

* The phosphorus should not be precipitated first by the magnesia mixture, but be first 
preeipitated by the molybdate process. This ensures a definite amount of ammonia and 
ammoniacal smts in the solution, and thus leads to concordant results. 



676 A TBEATlSSi ON CHEMICAL ANALYSIS. 

with constant stirring. After standing 3 to 4 hours, filter through a Gooch 
crucible and wash with 5 per cent, ammonium nitrate until no brown coloration 
is produced when a drop of the filtrate is brought in contact with a vsolution 
of potassium ferrocyanide. Dry ^ the yellow precipitate of (N 114)31^04. 
i2MoO3.2HNOg.H2O in a current of air at 160°-18()° in, say, a Paul’s oven 
(fig. 87) to a constant weight,* and weigh as (NH4)3P04.12Mo03.® In that 
case, the weight of the precipitate multiplied by 0*03783 represents the weight 
of the PgOg in the sample taken for analysis.^ 

§ 329. Rapid Processes for Determining the Ammonium 
Phosphomolybdate. 

In order to shorten the time required for the determination of phosphorus 
in terms of ammonium phosphomolybdate, the latter is often determined by a 
volumetric method. Pemberton’s process ^ is in general use for the determina- 
tion of small amounts of phosphorus in routine analyses. In this ])rocess 


^ E. Kaben {Zeit. anal. Ckem., 47, 546, 1908) finishes the washing with warm 70 per cent, 
alcohol; then with absolute alcohol; then with 10 c.c. of ether. Ht' dries the precipitate 
at 110“~120°, and weighs as (NH4)3p04. 12M0O3. 

® The precipitate is somewhat hygroscopic, and the desiccator should have fresh con- 
centrated sulphuric acid, not calcium chloride, otherwise the precipitate might gain in w^eight. 

® If the precipitate appears green, add a small crystal of ammonium nitrate and re-heat, 
The precipitate then becomes iiniformly yellow. 

* If desired, the precipitate may l)e ignited to redness until the resulting 24Mo()3.r205 
has a homogeneous black colour. The ignit-ed precipitate is not espeirialJy hygroscopic. 

* J. Macagno, Oazz. Ohirn. 567, 1874; Chem. AVww, 31, 197, 1875; A. (Jrete, iter., 

21, 2762, 1888; F. A. Emmerton, Trans. Amer. Inst. Min. ling., 15, 93, 1886-7; T. M. Drown 
ancl P.W. Shimer, 16., 10, 137, 1881; P. VV. Sliimer, #:6., 17, KX), 1888-9; T. M. Drown, ib., 
18, 90, 1889; C. Jones, ib., 17, 411, 1888-9; 18, 705, 18ii9; Chem. Ne.ws, 62, 220, 231, 1890; 
D. L. Randall, ib., 97, 113, 1908; Amer. J. Science, (4), 24, 313, 1907; O. F. von der Pfordten, 
Zeit. anal. Chem., 23, 432, 1884; A. Wernckc, ib., 14, 1, 1875; H. Pemberton, Journ. Franklin 
Inst., 1 13, 184, 1882; Chem. News, 46, 4, 1882; Journ. Amer. Chem. Snc., 16, 278, 1894; 

A. A. lllair and J. E. Whitfield, ib., 17, 747, 1895; W. A. Noyes and E. D. Frohman, ib., 
16, 533, 1894; C. B. Dudley and F. N, Pease, ib., 16, 224, 1894; R. A. Mahon, ib., 19, 792, 
1897; O. y. Doolittle and A. Eavenson, ib., 16, 234, 1894; G. Auchy, ib., 18, 955, 1896; 

B. W. Kilgore, ib., 16, 765, 1894; 17, 741, 950, 1895; E. D. Camplieil, Jaurn. Anal. App. 

Chem., I, 370, 1887; B. W. Kilgore, Bull. U.S. Agric. Dept. {Chem.), 43, 68, 1894; G. P. 
Baxter, Amer. Chem. Journ., 28, 298, 1902; 34, 204, 1905; J. G. Fairchild, Journ. Ind. 
Eng. Chem., 4, 520, 1912. See page 451. E. Thilo, Chem. Ztg., ii, 193, 571, 1887 ; A. Isbert, 
ib., II, 223, 1887; F. Hundeshagen, ib., 18, 445, .505, 547, 1894; E. H. Schultze, ib., 29, 
508, 1905; J. O. Handy, Journ. Anal. Chem., 6, 204, 1892; Chem. News, 66 , 324, 1892; 

Chem. Centr., (2), 185, 1892; H. Pemberton, Journ. Franklin Inst., 136, 362, 1893; 137, 

304, 1894; Chem. Centr., (1), 105, 1894; Journ. Amer. Chem. Soc.., 15, 382, 1893; 16, 278; 
1894; 17, 178, 1895; B. W. Kilgore, ib., 16, 765, 1894; 17, 941, 950, 1895; 19, 703, 1897; 
W. A. Noyes and J. S. Royse, ib., 17, 129, 1895; F. P. Veitch, ib., 18, 389, 1896; C. B. 

Williams, ib., 17, 925, 1895; 23, 8, 1901; W. D. Richardson, ib., 29, 1314, 1907; P. B. 

Sircar, ib., 36, 2372, 1914; W. C. Day and A. P. Bryant, Journ, Franklin Inst., 137, 394, 
1894; J. Ohly, Chem. News, 76, 200, 1897; J. C^zar, Bull. Assoc. Beige Chimistejt, 16, 
247, 1902; Chem. Centr., (2), 820, 1902; D. J. Hissink and H. van der Waerden, ib., (1), 
1188, 1905; Chem. Weekb., 2, 179, 1905; D. J. Hissink, ib., 6, 181, 1909; G. H. G. Lagers, 
ib., 4, 632, 1907; Zeit. anal. Chem., ^*1, 561, 1908; F. Hundeshagen, ib., 28, 141, 1889; 
Zeit. offent. Chem., 17, 283, 302, 322, 1911; L. T. Bowser, Amer. Chem. Journ,, 45, 230, 
1911; L. Wuyts, Ann. Chim. anal., 16, 134, 1911; J. G. Fairchild, Journ. Wash. Acad. Sci., 
2, 114, 1912; P. L. Hibbard, Journ. Ind. Eng. Chem., 5, 998, 1913; P. MoO. Shuey, ib., 
9, 367, 1917; H. Heidenhain, ib., 10, 426, 1918; G. E. F. Lundell and J. I. Hoffman, ib., 
15, 171, 1923; H. Kleinmann, Biochem. Zeit., 99, 95, 1919; M. B. Richards and W. Godden, 
Analyst, 49, ^5, 1924; Rep. Amer. Soc. TeMing Materials, Standards, 272, 1924; P. Nyssens 
Bull. Soc. chim. Belg., 34, 232, 1925; G. Hammarsten, Compt. rend. Lab. Carlsberg, 1*7, 1, 
1928; V. Vincent, Ann. FalsiJ., 23, 475, 1930; M. Odin, Acta, Paed., 9, 392, 1930; Chem* 
Zentr., (2), 602, 1931; L. Fricke, Stahl Risen, z6, 279, 1W>6; J. A, l^scott, Journ. Agric. 
Science, 6, 111, 1914; G. C. CaldweU, Chem. News, 48 , 61, 1883. 
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the precipitated phosphoinolybdate is washed free from nitric acid and dis- 
solved in a measured excess of standard alkali. The excess of alkali is 
titrated with standard acid with phenolphthalein as indicator. 

The method is based on the assumption that the reaction between the 
phosphomolybdate and the alkali can be represented by the equation : — 

(NH4)3P04.12 Mo 03 + 23NaOH 

- (NH 4 ) 2 Mo 04 + 1 INa^MoO^ + NaNH^HPO^ + llHgO 

Thus the accuracy of the method primarily depends upon the precipitation 
of the phosphorus as a compound of definite and invariable composition and 
to ensure this, particular attention must be paid to the conditions of 
precipitation. 

Hillebrand and Lundell ^ recommend the following procedure : — The 
phosphorus is precipitated as phosphomolybdate in the usual way (see page 
672), but the temperature of precipitation must not exceed 40° to 45°, nor 
must the mixture be heated after the addition of the molybdate reagent. 
Shake the solution from time to time during 10 minutes in a stoppered flask 
(to avoid absor])tion of atmospheric carbon dioxide). Stand for 15 minutes 
and then decant through a small gravimetric paper, leaving as much as possible 
of the precipitate in the flask. Wash the walls of the flask and the precipitate 
five times with a 1 per cent, neutral solution of potassium nitrate. About 
20 c.c. of solution should be used for each wash and the washings are poured 
through the filter-paper. Finally wash the filter-paper five times with 20 c.c. 
portions of the wash liquor, taking care to wash downw^ards from the edge 
to the apex of the ])aper and allowing the solution to filter completely between 
each washing. All free nitric acid should now have been removed from the 
walls of the flask, the precipitate and filter-paper. Transfer the filter-paper 
to the flask and add a measured excess of 0*lN-sodium hydroxide, free from 
carbonate. Dilute with 25 c.c. of water, stopper the flask and shake until 
the precipitate has all dissolved. Add about 100 c.c. of water and 6 drops of 
phenolphthalein. Titrate the solution with 0*lN-acid ^ until the pink colour 
of the indicator is just discharged. Finally add more 0*lN-sodium hydroxide 
until the pink colour reappears. The total volume of alkali added, less the 
volume of acid used in the titration, gives the volume of alkali reacting with 
the precipitated ammonium phosphomolybdate. 

On the basis of the equation given above, 1 c.c. of O-lN-sodium hydroxide 
is equivalent to 0*13487 mgrm. of phosphorus, or to 0*3088 mgrm. of phosphorus 
pentoxide. Whenever possible, it is advisable to determine the phosphorus 
equivalent of the standard alkali by carrying through the whole process on a 
substance of a similar nature to that under examination, having previously 
determined the phosphorus content of the standard substance by the gravi- 
metric process. Alternatively, the carbonate-free sodium hydroxide is 
standardised against exactly 0*lN-acid and its phosphorus equivalent is 
calculated from the ratio 23NaOH : IP. 

In Neumann’s modification * the precipitated ammonium phosphomolyb- 
date is washed three times with 50 c.c. portions of ice-cold water, when the 
precipitate is assumed to have the composition (NH4)3P04.12Mo03.2HNO^. 

^ W. F. Hillebrand and G. E. F. Lundell, Applied Inorganic A^lysie^ New York, 567, 
1929. 

* It is essential that the acid and alkali should be exactly equivalent to each other. 

• A. Neumann, Zeit, physiol. Chem., 37 , 129, 1902; 43 , 36, 1904; J. P. Gregerson, ib.^ 
53 , 453, 1907; I. Bang, Biochem. ZeiU, 32 , 443, 1911; J. M. Krasser, Zmt. Nahr. Oenms., 
2 t, 198, 1911; A. E. Taylor and C. W. MiUer, Joum. Biol Chem., 18 , 215, 1914; H. S. H, 
Wardlaw, Joum. Boy. 80 c. N, 8 . WaUa, 48 , 73, 1914. 
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After dissolving in excess of standard 0*5N alkali, the solution is boiled before 
titration, thus liberating ammonia from the ammonium salts produced in 
the neutralisation. The ratio NaOH : P now becomes 28 : 1 ; hence 1 c.c. of 
0-5N-NaOH represents 0*554: mgrm. of phosphorus. Heubner and Jodidi^ 
have shown that an empirical value of 0*565 to 0*57 agrees better with the 
experimental results than the calculated figure of 0*554. 

For certain purposes a sufficiently close approximation to the amount of the 
precipitated ammonium phosphomolybdate can be obtained by measuring the 
volume of the precipitate collected in the graduated test tube of a centrifugal 
machine. 2 

In Emmerton\s process ® the washed ammonium phosphomolybdate is 
dissolved in ammonia and the solution reduced by, say, zinc and sulphuric 
acid, whereby the molybdenum trioxide, M 0 O 3 , is converted to the green 
oxide, M 02 O 3 or Moi 20 i 9 .^ The solution is rapidly filtered from the un- 
dissolved zinc, if necessary, and titrated with potassium permanganate, when 
the green oxide is re-oxidised to Mo O 3 . See page 451 . 

§ 330. The Volumetric Determination of Phosphorus — 
Uranium Process. 

Uranium acetate or nitrate reacts with phosphates in aqueous solution 
forming uranium phosphate. When all the phosphorus has been transformed 
to uranium phosphate, any further addition of the uranium salt gives a solution 
which produces a reddish-brown coloration when brought in contact with a 
solution of potassium ferrocyanide. These facts are utilised in a volumetric 
process. The reaction takes place somewhat slowly in the cold and, in conse- 
quence, the titration is generally finished with hot solutions— about 90®. The 
reaction is supposed to be slower in the presence of acetates and hence the 
concentration of acetate in the solution should be kept as low as possible.® 
But even when uranium nitrate is used for the titration, there is a consider- 
able amount of acetate present. The amount of acetate added as uranium 
acetate is but a small fraction of the whole. Consequently, it makes little 
difference whether uranium nitrate or acetate is used in the titration.® When 
the uranium solution is used for titrating calcium phosphates, e.g, bone ash, it 

^ W. Heubner, Biochem. Zeit., 64. 393, 1914; S. L. Jodidi, Joum. Amer. Chem, Boc., 
37, 1708, 1915; S. L. Jodidi and E. H. Kellogg, Joum. Franklin Inst., 180, 349, 1915. 

* V. Eggertz, Joum. prakt. Chem., (1), 79, 496, 1860; H. Wedding, Btahl Eisen, 7, 118, 
1887; M. Ukena, ib., 7, 407, 1887; M. A. von Reis, ib., 9, 1025, 1889; 10, 1059, 1890; 
K. Bormann, Zeit. an^ew. Chem., 2, 638, 1889; C. Reinhardt, Chem. Ztg., 15, 410, 1891; 
H. F. von Jiiptner, Oester. Zeit. Berg. Hutt., 43, 203, 1895; J. Ohly, Chem. News, 76, 200, 
1897; H. Kleinmann, Biochem. Zeit., 99, 95, 1919. 

* F. A. Emmerton, Trans. Amer, Inst. Min. Eng., 15, 93, 1886-7; O.F. vender Pfordten, 
Zeit. anal. Chem., 23, 432, 1884; A. A. Blair and J. E. Whitfield, Joum. Amer. Chem. 80 c., 
17, 747, 1895. 

^ Complete reduction to MojOg is difficult, and the reduced oxide has, in consequence, 
been represented by different formulae — MogOg (Hordten); MouOi® (Emmerton); M0S4O87 
(Blair and Whitfield). 

® A. Vozarik Zeit. physiol. Chem., 76, 433, 1912) says that the harmful concentration of 
free acetic acid begins at 0*36 per cent, with cochineal as indicator (footnote 6, p. 679), or at 
0*6 per cent, with potassium ferrocyanide. With sodium, ammonium and magnesium acetates 
the harmful concentrations begin at 4, 2 smd 0*75 per cent, respectively. 

* F, Sutton, Chem. News, i, 97, 122, 1860; C. Boedeker, JAebig^s Ann., II7, 195, 1861; 
H. Neubauer, Arehiv Wiss. Heilkunde, 4, 228, 1893; C. Fincus, Joum.pralet. Chem,, (l), 76» 
104, 1859; R. Arendt and W. Knop, t6., (1), 69, 401, 415, 1856; K. Broockmann, Bep. 
Anal. Chem., z, 212, 1881 ; A. E. Haswell, ib., 2, 251, 1882 (the more uranium solution used, 
the higher becomes its relative value); C. Mohr, Zeit. anal. Chem., Z9, 150, 1880; Chem. 
News, 45^ 248, 1882; V, Edwards, «5., 59, 159, 1889; 73, 26, 1896; 0. Ou4rin, Jmrn. 4e 
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is generally standardised against a solution of calcium phosphate of known 
strength. 

The Standard Solutions, — Make a standard solution by dissolving 11*0958 
grms. of pure dicalcium phosphate,^ Ca 2 H 2 (P 04 ) 2 . 4 H 20 , in a slight excess of 
10 per cent, nitric acid and neutralise the solution by the gradual addition of 
dilute ammonium hydroxide until a faint precipitate just remains. Redissolve 
the precipitate in a few drops of glacial acetic acid and dilute the solution to a 
litre. 2 1 c.c. of this solution is equivalent to 0*01 grm. of normal calcium 

phosphate, Ca 3 (P 04 )a. Then dissolve 40 grms. of uranium nitrate or 35 grms. 
of uranium acetate in about 800 c.c. of water. Add a few drops of ammonia, 
when a slight turbidity will be produced; now add just enough acetic acid to 
clear the solution and make up to a litre.® 

Standardisation of the Uranium Solution. — Take 25 c.c. of the standard 
calcium phosphate solution, add about 70 c.c. of water and 5 c.c. of ammonium 
acetate,^ and run the uranium sobition from a burette until a drop of the clear 
liquid ® gives the first sign of a permanent reddish-brown coloration with a 
little powdered (solid) potassium ferrocyanide ® on a white plate. ^ The solution 

Pharm., 5, 143, 1882 ; Pep. Anal. Chem.y 3, 157, 1883; O. Abesser, W. Jani, and 
M. Marcker, Zeit. anal. Chern.^ 12, 239, 1873; E. Kessel, ih., 8, 164, 1869; C. Leconte, 
Compt. rend.., 29, 55, 1849; W. Knop, Chem. Ceritr., (2), i, 737, 769, 1856; A, Neumann, ib., 
(1), 219, 1898; H. Rheinc'ck, Dingier' s Joum., 200, 383, 1870; A. Pavec, Chem. Listy^ i, 
313, 1875; W. Strecker and P. 8chiffer, Zeit. anal. Chem.^ 50, 495, 1911; J. B. Coleman 
and J. I>. Granger, Journ. Soc. Chem. Ind.^ ii, 328, 1892; R. B. Gibson and C. Estes, 
Journ. Biol. Chem., 6, 349, 1909; D. Crispo and R. W. Tuinzing, Landw. Versuchs.-Stat., 
88, 131, 1916; J. W. Springer, Zeit. angew. Chem., 32, 192, 1919; F. Secligmann, Chem. 
Zt^., 44, 599, 1920; H. Kleinmann, Biochem. Zeit., 99, 19, 1919. 

^ J. A. Muller, Bull. Soc. chim., (3), 25, 1000, 1901; Chem. News, 85, 124, 1902. 

2 The strength of the solution may be confirmed, if there be any doubt of the purity of the 
calcium phosphate, by precipitating according to the molybdate process (page 675). If 
alkali phosphates are to be titrated, potassium phosphate is used. For this purpose, dissolve 
9*5841 grms. of monopotassium phosphate — KH2PO4 — in a litre of water; 1 c.c. of solution 
EuO' 005 grm. P^Oj. The solution is standardised by evaporating a known volume of the 
solution to dryness in a platinum dish. Ignite the residue at the full heat of a Bunsen flame 
and weigh as KPO3. Or the phosphorus in a known volume may be determined by the 
magnesium process (page 674). According to W. C. Dumes {Chemist-Analyst, 8, 12, 1914), 
pure silver phosphate, AgsP04, with the equivalent of 16*96 per cent. P2O5, is relatively 
easily prepared, non -hygroscopic and well suited for the preparation of standard solutions. 

• The uranium salt should be free from uranium . phosphate or ferric nitrate. Let the 
solution stand some days before it is standardised, otherwise the turbidity which sometimes 
develops, owing to the separation of uranium phosphate, may alter the strength of the solution. 
The less free acetic acid the better, since the solution is more sensitive in the absence of an 
excess of free acetic acid. See footnote 5, p. 678. The strength of the solution should be 
checked every three or four days. 

• Ammonium Acetatb Solution. — Dissolve 154 grms. ammonium acetate in water, add 
100 c.c. of acetic acid (sp. gr. 1*04), and dilute the solution to a litre (2E). The object of the 
ammonium acetate is to prevent the formation of free nitric acid. 

® If a little of the precipitated manium phosphate be removed on the rod in making 
the spot test, a brown colour may be given with the ferrocyanide before the reaction is 
actually completed. L. Lematte and A. Delacroix (Bull. Soc. chim. biol., 6, 521, 1924) add 
a large excess of sodium chloride to promote the precipitation of the uranium phosphate. 

• Or a drop of a solution of 1*1 grms. of the same salt — potassium ferrocyanide — in 10 c.c. 
of water (E). J. C. Thomlinson {Chem. News, 114, 239, 1916) condemns the use of ferro- 
cyanide as an indicator. C. Malot {Archiv Pharm., 2, 246, 1887) uses, as indicator, an 
aqueous ammoniacal solution of cochineal just decolorised with nitric acid. Titrate with 
this solution as an internal indicator until a permanent green is obtained — E. Starkenstein, 
Biochem. Zeit., 32, 235, 1911; F. Repiton, Mon. Sci., (4), 21, (2), 753, 815, 1907; Chem. 
Zmtr., (2), 2078, 1907; (1), 295, 1908; E. J. Kocsis and L. Poliak, Acta Lit. Sci. Univ. Hung. 
Fmn. Joseph Sect. Chem. Min. Pkys., 4, 147, 1934. 

^ For the method of titration with a “spot” indicator, see page 344. If an excess of 
uranium solution be accidentally added, a known amount of the standard phosphate solution 
may be added, and the titration continued, allowance being made for the phosphate added. 
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must be well agitated after each addition of the uranium solution.^ Then 
heat the solution to boiling,® when a drop will no longer react with the ferro- 
cyanide. Add more uranium solution, drop by drop, until the brown colour 
with the ferrocyanide is again developed.® The result of this titration enables 
the strength of the uranium solution to be represented in terms of calcium 
phosphate. 

Evaluation of Bone Ash. — Supposing that bone ash is to be analysed, 
dissolve 2-5 grins, of the dry (110®) sample in a minimum excess of hot, 10 per 
cent, nitric acid. Filter and wash the insoluble residue * well with hot, 
distilled water. Add ammonia to the filtrate and washings until a permanent 
precipitate is obtained. Redissolve the precipitate ® in a few drops of glacial 
acetic acid and dilute to 250 c.c. Pipette out 25 c.c. of the solution, add about 
70 c.c. of water and 5 c.c. of ammonium acetate solution. Then titrate with 
the uranium solution, as indicated above. 

Calculation. — Suppose that 25 c.c. of standard solution contain the equi- 
valent of 0*25 grm. of Ca 3 (P 04)2 and n c.c. of the uranium solution are needed 
for the titration ; obviously, 1 c.c. of the uranium solution represents 0-25/w grm. 
of Ca 3 (P 04 ) 2 . If 25 c.c. of the bone ash solution, i.e. 0*25 grm. of bone ash, 
react with v c.c. of the uranium solution, then 100 grins, will react with 4(K)t; c.c. 
of the uranium solution, which represents 400?> x 0*25/V? ~ lOOvIn grins, of 

Ca3{P04)2. 

Sodium Salicylate as Indicator. — Duparc and Rogovine ® advocate the use 
of sodium salicylate as an internal indicator, based on the fact that an intense 
orange colour is formed when uranyl acetate comes into contact with an 
aqueous solution of sodium salicylate. 

To 25 c.c. of the standard phosphate solution add 60 c.c. of water and 10 c.c. 
of a freshly prepared 10 per cent, solution of sodium salicylate. Titrate, as 
indicated above, with the uranium solution until, on allowing the precipitate 
to settle, the clear liquid has a distinct orange-yellow colour. Retain the 
titrated solution for comparison. Now take 25 c.c. of the bone ash solution, 
add 60 c.c. of water and 10 c.c. of the sodium salicylate solution and titrate in 
an exactly similar manner until the orange-yellow colour of the clear liquid 
is of the same intensity as in the previous titration. The method has been 
found to work well in routine analyses of bone ash. 

^ In shaking, avoid making the solution froth, since a drop of uranium solution falling 
on the froth does not readily mix with the liquid underneath. A drop of alcohol will 
generally dispel the froth. 

2 If the solution be heated before the greater part of the phosphoric acid has combined 
with the uranium, some calcium phosphate may be precipitated (R. Fresenius, C. Neubauer 
and E. Luck, ZeAt. anal. Chem., lo, 133, 1871; C. Schumann, ib., ii, 382, 1872). 

® If the spot test gives a brown colour, add another four drops of the uranium solution. 
If the brown does not appear the moment the glass rod is removed, the first browning was 
not the end of the titration. This supplementary “four-drop test” should always be made. 

^ The insoluble earthy and sandy matters may bo filtered off in a Gooc*-h crucible, dried 
and weighed. 

* If iron and alumina be present, phosphates of these elements will be precipitated and 
these remain insoluble in the acetic acid. In that case, filter the turbid solution. Titrate 
the filtrate as indicated in the text. Ignite and weigh the precipitate. If less than 0*01 
grm. of the mixed phosphates be present, take half the weight as PgOj and add the result 
to the PaOj obtained by the titration. If over this amount of precipitate be present, the 
process is unreliable, or the PgO* may be determined in the precipitate by the molybdate 
process (V. Edwards, Chem. News, 73 , 25, 71, 1896; G. H. Ailibon, ib., 73 , 47, 94, 1896)* 
There is then no particular advantage in the volumetric process over, say, Woy’s process. 
Other phosphates — e.g. cerium phosphate — may be precipitated if they be present — A, A. 
Damour and H. St C. Devillo, UJnstitvt, 26 , 69, 1858; Compt. rend.^ 212, 1864; 
J. Boussingault, Ann. Chim, Phye., (4), 22 , 457, 1871. 

• L. Ihxparo and E. Rogovine, Hdv. Chim, Acta, ix, 698, 1928. 
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Errors. — It will be noticed that a slight excess of uranium is needed to 
produce a coloration with potassium ferrocyanide, since enough uranium must 
be added not only to precipitate the phosphoric oxide, but also to colour the 
ferrocyanide. This excess must be allowed for by working under constant 
conditions and making a blank titration on a solution prepared as indicated 
above, for standardising the uranium, but excluding the phosi)hate, and always 
using the same volume of solution in the titration. 

The most important sources of error in this titration with ferrocyanide as 
indicator are : (1) Mistaking a transient for a permanent brown — make sure, 
by means of the “four-drop test,’’ that the brown tint is not an illusory end- 
point; (2) Error due to the removal of too small a drop to colour the ferro- 
cyanide; (3) Error due to titrating too quickly and overreaching the end of 
the reaction; and (4) Error due to the retention of uranium solution by the 
froth and touching the ferrocyanide with this. 

The analysis should be made in triplicate and no number should be accepted 
if it deviates appreciably from the others. It may be again emphasised that, 
while the agreement between the duplicates is a test of the accuracy of the 
work, it is not, as is sometimes sujjposed, an indication of the trustworthiness 
of the process. Some, expecting too much from this process, have given it up 
in disgust. 

Owing to the almost invariable presence of appreciable amounts of alumina 
and iron, it may be advisable first to separate the phosphorus by means of 
ammonium magnesium citrate ^ before titration. If organic matter be present, 
it should be removed by a preliminary incineration, since organic matter 
interferes with the uranium reaction. Arsenic, if present, should be reduced 
by first })assing a current of sulphur dioxide through the solution, boiling to 
remove the sulphur dioxide and })recipitating the arsenic with hydrogen 
sulphide.^ 

PiTRCHASiNG Bone Ash. — A ccording to the “English Form of the Hamburg 
Contract,” bone ash is invoiced as follows : — 

If the delivered bone ash contains below 70 per cent. triba.si(3 phosphate of 
LIMB,® an allowance shall be made to the Buyers according to the following principle 
and scale : — 

For Ash below 70 % for every 1 % less, 1 J % phosphate less to be invoiced. 

„ 65 % „ further 1 % „ 2 % „ „ „ 

„ „ 60% „ „ 1% „ 3 % 

For fractions, the allowance to be made on the same scale, for instance : — 


69 

% invoicied 


65 % invoiced as 624 % 

61 % invoiced 

as 641 % 

68| 


67i „ 

641 

„ 611 .. 

601 

531 .. 

68 

»» 9f 

67 „ 

64 „ 

601 - 

60 „ 

621 .. 

67J 

>» *9 

66i 

631 .. 

591 .. 

691 ,y 

61 „ 

67 

99 < 1 , 

66i „ 

63 „ 

681 .. 

59 „ 

491 .. 

66i 

»> »» 

64i „ 

621 

„ 671 .. 

681 .. 

48 „ 

66 


64 „ 

62 „ 

„ 661 .. 

68 f, 

461 „ 

66i 

• ♦ 99 

63i 

611 » 

„ 651 .. 

and so on 


Example. — Suppose 2-5 grms. of bone ash are taken for analysis. The solution is 
made up to 250 c.c., and 25 c.c. taken for a titration. Suppose v = 13‘3 c.c. of the 


^ H. Joulie, Ann, Agronotn,, li, 97, 1885; Chem, News, 52, 86, 1885; J. M. H. Munro, ib,, 
52, 86, 1886; L. Joulin, ib., 27, 228, 309, 314, 1873; C. Mene, Compt. reiid., 76, 1419, 1873. 

* Recoveby of Ubanutm Residues. — W. Jani, Chem. Centr,, 219, 1871; W. Knop, 
ibn, 161, 1805; F, Strohmer, Zeit anal, Chem,, 17, 84, 1878; A. Gawalovski, «6., 15, 292, 
1876; E. Reichardt, ib„ 8, 116, 1869; 13, 310, 1874. 

• That is, normal oaloium phosphate — Ca^fPO*),, 
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uranium solution are needed for the titration of this 25 c.c. of solution, and that w=:20 
c.c. of the uranium solution are needed for titrating 25 c.c. of the standard phosphate. 
Then, from the above formula, 

100 X 13-3/20 66*5 per cent. Ca»(P04)2. 

If the phosphate be sold at Is. 6d. per unit, a ton of the bone ash on the Hamburg 
scale is not invoiced at 66j x 1 J =£4, lOs. 9d., but at 64J x 1 J — £4, 17s. Ijd. Naturally 
the colour, freedom from specks and working qualities of bone for pottery purposes are 
of more importance than “per cent, of normal phosphate.” 

§ 331. The Volumetric Determination of Phosphorus — 
Joulie’s Magnesium Citrate Process. 

Dissolve the substance under investigation in dilute hydrochloric acid or 
in a mixture of nitric and hydrochloric acids, if pyrites be present. If 
necessary, filter the solution.^ 

Se'paration of Phosphorus from Alumina and Iron as Magnesium Phosphate, 
— A portion of the clear solution, equivalent to 0*125 or 0*250 grm. of the 
phosphate, is pipetted into a beaker. Add 10 c.c. of magnesium citrate 
solution ^ and an excess of ammonia. The solution should be clear and only 
become turbid in a few seconds, especially after stirring.^ Let the mixture* 
stand under a bell- jar, to prevent loss of ammonia, overnight — that is, about 
12“ 15 hours. Filter, first by decantation, and wash the precipitate with dilute 
ammonia (10 vols. water, 1 vol. ammonia). Four to six washings will suffice.^ 

Titration of the Magnesium. Phosphate with Uranium Nitrate. — Dissolve the 
precipitate in a 10 per cent, solution of nitric acid. Allow the solution to run 
into the beaker in which the precipitation was made. Wash the filter-paper 
with acidulated water. Add dilute ammonia (1 : 10) until the solution is 
slightly turbid. Clear the turbidity with one or two drops of dilute nitric 
acid. Heat to boiling. Add 5 c.c. of sodium acetate solution ® and titrate 
with the uranium acetate solution as described above. 

§ 332. The Colorimetric Determination of Phosphorus. 

(a) Knights’ Process. 

Knights’ * colorimetric process for the determination of phosphorus is based 
upon the intensity of the yellow colour of the phosphomolybdate in acid 

1 The removal of silica by evaporation is only necessary when the silicates are decomposed 
by the acid with the separation of gelatinous silica. 

* JouLiB*.s Magnesium Citkate Solution. — Dissolve 20 grms. of pure magnesium 
carbonate or 10 grms. of pure magnesium oxide in 400 grms. of citric acid and 200 c.c. 
of distilled water. Add 500 c.c. of ammonia (sp. gr. 0*92), when the remainder of the citric 
acid dissolves; cool. If the solution be turbid, filter and make the clear solution up to a 
litre. 

* An immediate turbidity shows that insufficient citrate is present to hold all the iron 
and alumina in solution. In that case, start again and use 20 c.c. of the citrate solution. 
It is not sufficient simply to add more of the citrate solution to the turbid solution, because 
the precipitate of the phosphates of iron and alumina, once formed, does not readily re- 
dissolve. W. Simmermacher (Ghem. Ztg,, 37, 145, 1913) points out that if the magnesium 
citrate-citric acid solution be added slowly, a precipitate free from iron and silica is obtained, 
provided all the iron be in the form of citrate before the solution is made ammoniacal. 

* The wash-water then gives no precipitate with sodium phosphate, 

^ Sodium Acetate Solution. — A mixture of crystalline sodium aoetate, 100 gnus., and 
glacial acetic acid, 50 c.c., is made up to a litre with distilled water. The object of the sodium 
aoetate solution is to prevent the development of free nitric or hydrochloric acid in the solution. 

^ J. West-Knights, Analgst^ 5, 195, 1830. 



THE DETERMINATION OF PHOSPHORUS. 683 

solutions. This colour test is very sensitive, since 0-000025 grm. of P2O5 can 
be recognised in cold solutions, and 0-0000025 grm. in hot solutions (80°). As 
with colorimetric processes generally, the colour is influenced by the com- 
position of the solution in which the determination is made.^ The principal 
difficulty is due to the influence of traces of silica, which produce a potassium 
silicomolybdate with a yellow colour almost identical in tint with that of the 
potassium phosphomolybdate. It is therefore important to use reagents free 
from silica. The reagents must not be kept in glass vessels, owing to possible 
contamination by silica from the glass. The solutions should be kept in 
paraffin wax or ceresine bottles, or glass bottles coated internally with ceresine 
or paraffin wax. The absence of soluble silica in the reagents should be 
establised by a blank test. 

A stock solution of phosphate is made by dissolving 0-1917 grm. of pure, 
freshly crystallised monopotassium ^ phosphate — KH2PO4 — in silica-free water 
and diluting the solution to a litre. Preserve the solution in a ceresine or 
paraffin wax bottle. Each cubic centimetre corresponds with 0*0001 grm. 
P2O5. 

Standard Solution. — Dilute 10 c.c. of the standard potassium phosphate 
to 80 c.c. with silica-free water. Add 10 c.c. of nitric acid (sp. gr. 1-07), and 
immediately add 8 c.c, of potassium molybdate solution.® Make the solution 
up to 1(K) c.c.^ 

TeM Solution. — Acidify a convenient portion — say, 25 c.c. — of the solution 
under investigation with 5 c.c. of nitric acid (sp. gr. 1-07), add 4 c.c. of potassium 
molybdate solution and make the solution up to, say, 50 c.c. 

The Gomfarison. — Make the two solutions up immediately and let them 
stand 20 minutes in order that the yellow tint of the phosphomolybdate may 
develop its maximum intensity. The intensities of the colours of the two 
solutions are now compared in a suitable colorimeter.^ If the colour of the test 
solution be too strong for comparison, an aliquot portion is diluted as usual. 

^ P. E. Alossandri, Pharm. Centr., 35, 170, 1865; C. Lepierre, Bull. 80c. chim., (3), 
15, 213, 1896; A. Jolles and F. Neurath, Mouats.f 19, 5, 1898; A. Jolles, Arch. Hygiene^ 
34, 22, 1899; A. Pagnoul, Ann. Agronom.y 25, 549, 1899; O. Schreiner, Joum. Amer. Ohem. 
80c., 26, 806, 1904; 25, 1056, 1903; O. Schreiner and B. E. Brown, i6., 26, 1463, 1904; 

F. P. Veitch, t6., 25, 169, 1903; J. G. Smith, ib., 26, 897, 1904; T. E. Hewitt, ib., 27, 
121, 1906; C. Estes, ib., 31, 247, 1909; F. P. Veitch, Chem. News, 89, 73, 89, 101, 1904; 

I. Greenwald, Journ. Biol. Chem., 21, 29, 1915; C. E. Millar and F. A. Gangler, Joum. 
Ind. Eng. Chem., 7, 619, 1915; Z. Y. Tsen, Acad. Sinica Inst. Chem. Mem., 4, 1, 1931; 

G. Misson, Bull. 80c. chim, Belg., 31, 222, 1922. 

* Sodium phosphate is difficult to deal with owing to efflorescence. J. A. MuUer {Bull. 
80c. chim., (3), 25, 1000, 1901 ) proposes the more stable microcosmic salt — NaHNH4P04 . 4HjO. 
The crystalline Caj(HP04)2.4H40 is quite stable in dry air or over phosphoric anhydride in 
a desiccator. It is a valuable standardising agent. 

* Potassium Molybdate Solution. — Dissolve 8 grms. of the salt in 50 c.c. of water, and 
make the solution up to 100 c.c. with nitric acid (sp. gr. 1’2). According to Jolles and 
Neurath (lx.), ammonium molybdate is liable to become turbid and is not so sensitive as 
sodium or potassium molybdate. The coloration develops its maximum intensity at 86° in 
a short time. The colour with potassium molybdate develops more quickly and is sharper 
and purer in tone than with sodium molybdate. 

* N. Passerini {Oazz. Chim. Ital., 41, i, 182, 1911) recommends adding 2 c.c. of a cold 
saturated solution of gallic acid to the test glasses before the other solutions are added; 

J. Pouget and D. Chouchak (Bull. Soc. chim., (4), 5, 104, 1909; (4), 9, 649, 1911) use strychnine 
sulphate with the phosphomolybdate. 

< Nessler's glasses may be used in place of the colorimeter. One Nessler's glass is filled up 
to the 20 c.c. mark or the 50 c.c. mark with the test solution. At the same time, other 
Nessler^s glasses are filled to the same volume with solutions containing different amounts 
of the standard phosphate solution and the molybdate solution. By comparing the tint 
of the standard with the tint of the unknown solution, the amount of phosphoric acid in the 
solution can be determined. 
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It is important to make sure that sufficient potassium molybdate is present to 
react with all the phosphate, by adding a further portion of the molybdate and 
diluting at the same time. The solution should contain 5 c.c. of nitric acid, 
and 4 c.c. of the ymtassium molybdate, per 50 c.c. of solution. Unless the 
standard and the test solutions have approximately the same amounts of 
these two reagents an appreciable error may be introduced. For smaller 
amounts of phosphorus, use a standard phosphate solution half the strength 
indicated above.^ 

Errors. — If the solution under investigation be turbid, it should be filtered 
through biscuit-ware ^ (page 717 ), evaporated to dryness and then taken up 
with water and again filtered. Organic matter, if present, may produce a 
coloured solution. In that case, the organic matter must be destroyed or a 
correction must be made. V’^eitch destroys organic matter by ignition with 
magnesium nitrate and subsequent evaporatioi\ with nitric acid. Large 
amounts of ammonium salts — nitrate and chloride — intensify the colour, and 
hence lead to high results. Aluminium sulphate --^12(804)3 — gives a dark, 
more or less opaque solution which spoils the determination. If less than 
1 part of iron per 20 million parts of the solution be present, no particular harm 
can be noticed, but if larger amounts be present, the colour is intensified, and 
the result is vitiated unless the amount of iron be known and an allowance 
made for its effect. If iron and alumina be present, therefore, the phosphorus 
should be se])arated as magnesium phosphate by Joulie/s process l)efore the 
phosphorus determination is made.^ Calcium nitrate, barium chloride, 
potassium nitrate, separately and mixed together, give no Jippreciable error. 

(b) Namias-Denig^s Process. 

A sensitive method, particularly suitable for determining traces of phos- 
phorus in material of biological origin, is based on the fact that ammonium 
phosphornolybdate is reduced to “molybdenum blue” under conditions where 
the excess of ammonium molybdate, used in the process, is not reduced. 

The blue oxide of molybdenum is generally regarded as M03O8, i.e. 
M0O2 . 2M0O3, and it was characterised as such by Berlin in 1850 ; but Deniges 
maintains that it has the composition M0O2 . 4Mo03.^ 

The production of “molybdenum blue” was used by Namias as far back 
as 1890 for the colorimetric determination of phosphorus though, in recent 
years, Deniges’ name has become attached to the process.^ 

^ For miscellaneous colorimetric processes, see H. Kleinmann, Biochem. Zeit.y 99, 4.5, 1919; 
Y. Terada, *6., 145, 426, 1924; F. F. Tisdall, Journ. Biol. Chem., 50, 329, 1922; A. Giigoire, 
Bull. Soc. chim. Bdg., 29, 2.53, 1920; C. V. Bordeianu, Ann. Bci. Univ. 14, 3.53, 1927; 

F. Alien, H. Weiland and H. Loofmann, Zeit. Pflanz. Diing., 32A, 33, 1933. 8ee also foot- 
note 3, page 685. 

* If the nitric acid solutions be passed through ordinary filter-paper, thei*e may be an 
error owing to the contamination of the solutions by phosphates and silica dissolved from 
the filter-paper. 

’ The magnesium phosphate is dissolved in nitric acid. The magnesia precipitate (page 
210) may also be evaluated by determining the amount of phosphorus it contains colori- 
raetrically and calculating the corresponding amount of magnesia. (). Schreiner and B* E. 
Brown, Joum. Amer. Ckem. 80 c., 26, 1463, 1904. 

* J. W. Mellor, A Comprehensive Treatise on Inorganic and Theoretical Chemistry y London, 
II, 629, 1931; G. Denigds, Compt. rend., 185, 777, 1927. 

* R. Namias, 8 UxM Eiseny 10, 1060, 1890; E. Riegler, Bull. Acad, Bci. RoumaniCy 2, 272, 
1914; P. N. van Eck, Pharm. Weelcb.y 55, 1<^7, 1918; G. LenJgds, Compt. rend, 171, 802, 
1920; 185, 777, 1927; Compt, rend, 80 c. bud., 84, 876, 1921; Mikrochem. Pregl FesL, 27, 
1929; Butt, 80 c, pharm, Bordeaux, 68, 1, 1930; Chem, Zentr,, (1), 2088, 1931; R. P. Bell 
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Details for the procedure, based on Truog and Meyer's work, are as 

follows : — 

Standard Solution . — Dilute 10 cx. of the stock phosphate solution (page 683) 
to 1(X) c.c. to give a diluted stock solution. Pipette out, say, 10 c.c. of the 
diluted stock solution into a 100 c.c. stoppered graduated cylinder. Dilute 
to 95 c.c. with silica-free distilled water, add 4 c.c. of acid ammonium molybdate 
solution ^ and shake thoroughly. Now add 6 drops of stannous chloride 

solution 2 and shake. Dilute to exactly 100 c.c. and again shake. This 

standard solution contains 1 grin. P2O5 per million c.c. of solution. 

Test Solution . — A suitable volume of the solution under examination is, if 
necessary, made nearly neutral wdth acid or alkali according to circumstances. 
After dilution, the reagents are added to it, followed by final dilution to 100 c.c., 
exactly as in the preparation of the standard solution. In all cases the 
test solution must contain exactly 4 c.c. of the acid molybdate reagent and 
6 drops of the stannous chloride solution per 1(X) c.c. 

Comparison. The. test and standard solutions are compared in a colori- 
meter in the usual way. The two solutions must be made up immediately 
before use and the comj)arison should be made within 10 minutes after adding 
the stannous chloride solution, as thereafter the colour begins to fade. The 
addition of an extra drop of stannou.s chloride will restore the full colour for a 
further period of 10 minutes.^ Magnesium, aluminium, calcium and man- 

ancl E. A. Doisy, Jonrn. Biol. Chew.y 44 , 55, 1920; A. P. Briggs, ib., 53 , 1922; 59 , 255, 

1924; T. Kuttncr and H. H. Cohen, i‘ 6 ., 75 , 5J7, 1927; T. Kuttner and L. Lichtenstein, i5., 
86 , 671, 1930; D. Florentin, Auu. Chirn. a?w/., 3 , 295, 1921; L. Losana, Giorn. Chim. Ind. 
Appl.., 4 , 60, 1922; W. B. G. Atkins, Journ. Agri. 14 , 192, 1924; M. von Wrangell, 
Lawiw. Jahrh., 63 , 669, 1926; Chem. Zentr., (2), 816, 1926; F. W. Parker and J. F. Fudge, 
Soil iSVi., 24 , 109, 1927; H. D. Chapman, ib., 33 , 125, 1932; A. V. Levitzki, Nauch. Agron. 
Zhur.., 4 , 783, 1927; S. N. Rozanov, Trans. Sci. Inst. Fertilisers, Moscow, No. 55, 139, 1928; 
E. Truog and A. H, Meyer, lad. Eng. Chem. Anal. Ed., i, 136, 1929; H. 1). (Chapman, 16 ., 
3 , 282, 1931; R. .1. Robinson and H. E. Wirth, ib., 7 , 147, 1935; PJ. .N. Isakov and V. A. 
Kazarineva, IJdobr. Vrozhai, 2 , 416, 1930; 8 . R. Zinzadze, ib., 3 , 827, 1931; Proc.. Internal. 
Soc. Soil Sri., 6 , 95, 1931; Aim. Agron., No. 3, 321, 1931; Zed. Pflanz. iMng., 16 A, 129, 
1930; 23 A, 447, 1932; P’. Alien, H. Weilandand H. Loofraann, ib. ,^2A, 33, 1933; L. Urbanek, 
Mezog. Kutat, 4 , 39, 1931 ; Chem. Ze.nir., ( 1 ), 2643, 1931; PL Tschopp and E. Tschopp, Helv. 
Chim. AcUi, 15 , 793, 1932; P. Urech, Zeit. anal. Chem., 92 , 81, 1933; N. E. Prestov, Journ. 
Chem. Ind. Russia, 8 , Nos. 15-16, 22; No. 20, 15, 1931; W. R. G. Atkins andE. G. Wilson, 
Biochem. Journ., 1223, 1916; P\ Pavelka and H. Morth, Mikrochem., 16 , 239, 1934; N. 
Tatarinova and M. Makuchenko, Chim. ei Ind., 33 , 470, 1932; C. Zinzadze, Ind. Eng. Chem. 
Anal. Ed., 7 , 227, 1935; H. L. Brose and E. B. Jones, Nature, 138 , 644, 1936; C. H. Fiske 
and Y. Subbarow, Journ. Biol. Chem., 66 , 375, 1925; H. Etienne, Bull. Soc>. chim. Belg., 45 , 
516, 1936. 

^ Acid Ammonium Molybdate Solution. — Dissolve 25 grms. of ammonium molybdate 
ill 200 c.c. of distilled water at 60'^ and filter. Dilute 280 c.c. of sulphuric acid (sp. gr. 1 -84), 
free from phosphorus and arsenic, to 800 c.c. When both solutions have cooled, add the 
ammonium molybdate solution, slowly and with constant shaking, to the solution of sulphuric 
acid. Again cool to room temperature and dilute to a litre. 

2 Stannocs Chloride Solution. — Dissolve 25 grms. of stannous chloride, 8 nCl 2 . 2 H 20 , 
in a litre of 10 per cent, (vol./vol.) hydrochloric acid. P’ilter if necessary. Store under a 
layer of mineral oil, to prevent atmospheric oxidation, in a bottle fitted with a syphon tube 
and burette tap from which the solution can be drawn off in drops. H. D. Chapman {Soil 
Sci., 33 , 125, 1932) says that the solution oxidises slowly, even when covered with a layer 
of paraffin oil, but that it can be kept in narrow bottles for several months without serious 
deterioration. 

* For the determination of small quantities of phosphorus by nephelometric methods, 
based on the insolubility of strychnine phosphomolybdate, see I. Pouget and D. Chouchak, 
Bull. Soc. chim., (4), 5 , 104, 1909; 9 , 649, 1911; P. A. Kober and G. Egerer, Journ. Amer. 
Chem. Soc.., 37 , 2373, 1916; D. J. Matthews, Journ. Marine Biol. Assoc.. V.K., ii, 122, 
261, 1916-18; E. B. Meigs, Journ. Biol. Chem., 36 , 335, 1918; H. Kleinmann, Biochem. 
Zeit., 99 , 150, 1919; S. G. Clarke, Analyst, 56 , 518, 1931; E. Bautenberg, Mikrochem., 10 , 
467, 1932; F. Alten, H. Welland and H. Loofmann, Zeit. Pfianz. Dung., 32 A, 33, 1933. 
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ganese iu considerable amounts are harmless, as is silica when not in excess 
of 700 parts per million. Ferric iron, if present, should be reduced to the 
ferrous state; organic matter may be removed by ignition with magnesium 
nitrate. Arsenates give a similar reaction to phosphates and must be removed 
by hydrogen sulphide. All reagents, apparatus, filter-paj)er and water 
should be tested for absence of phosphorus and arsenic. New glassware 
should be “weathered” by treatment for 24 hours with warm sulphuric- 
chromic acid mixture. 

§ 333. The Simultaneous Determination of Phosphorus and Silica. 

Silica, as indicated above, is the great enemy of the colorimetric process for 
phosphates, since it produces a yellow-coloured silicomolybdate which was 
used by Jolles and Neurath for the colorimetric determination of silica. 
Woodman and Cay van ^ found that the colour of the silicomolybdate required 
from to hours to develop its maximum intensity. This gives a means of 
correcting the determination of phosphorus for the influence of silica, and also 
for determining the amount of silica in the phosphate solution. If nitric acid 
and ammonium molybdate be added to the solution as quickly as possible, a 
certain intensity of colour is developed by the silica. If, however, the 
ammonium molybdate be added an hour before adding the nitric acid, the 
intensity of the colour due to the silica is but half (0*49) as great as before. 
Phosphates give the same intensity under both conditions. Let x denote the 
amount of P2O5 present, and y the amount of silica present. The intensity of 
the colour produced by the silica is 1*25 times the intensity of the colour 
produced by the same amount of P2O5. Hence, x-f l*25y will reprejsent the 
joint effect of the silica and the phosphorus in terms of the phosphate standard, 
or 

^=x + l*25y (1) 

The value of A is determined by the colorimetric process indicated above. 

If, in preparing the test solution indicated above, the addition of the nitric 
acid be deferred for one hour, and the comparison made 20 minutes afterwards, 
the colour produced by the silica will be but half its former value. Hence, 
x + ^(l*25y) will represent the joint effect of the silica and the phosphorus in 
terms of the standard, or 

H = x + i(l-25^) (2) 

Multiply this equation by 2, and subtract equation (1) from the result, and we 
get the value of x, that is, 

Amount of P2O5 — 23- A 

Similarly, by subtracting one equation from the other, we get the value of y, or 

Amount of SiOg = T6(.4 - B) 

In illustration, suppose that we find the value A for P2O5 in the solution 
prepared by adding the ammonium molybdate and the nitric acid simul- 
taneously to be 27, and the value of B for PgOg in the solution when the nitric 
acid is added one hour after the ammonium molybdate to be 16. Obviously, 
from the above equations, 

Amount of SiOg - 1*6(27 - 16) « 17*6 
Amount of PgOg = 2x16 - 27 *5 

1 A. G. Woodman and L. L. Cayvan, Joum. Amer, Ghem. Soc.^ 23 , 96, 1901 ; A. G. Wood- 
man, t 6 ., 24 , 735, 1902; F. P. Veitch, » 6 ., 25 , 169, 1903; O. Bohreiner, ib., 25 , 1056, 1903; 
26 , 808, 1904; A. T. linooln and P. Bicker, id., 26 , 976, 1904; O. Sohreiner and E. B. Brown, 
id., 26 , 1463, 1904. 
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When the proportion of phosphorus to silica is small, Lincoln and Barker 
recommend the addition of, say, 5 c.c. of the standard phosphate solution to the 
test solution and then conduct the process as indicated above. Due allowance 
is made for the phosphorus which has been added. 

From what has been said above, it will be obvious that the colorimetric 
process may be used for the determination of small quantities of soluble silica 
when phosphorus is absent.^ 


§ 334. The Analysis of Bone China Bodies. 

The following numbers represent the ultimate percentage composition of a 
typical fired body, and show the kind of mixture now under investigation : 

SiO^ AI2O3 FogOa MgO CaO K^O Na^O l\0^ 

38*0 16-0 1-2 1-0 22*0 2-5 L5 18-0 

With unfired l)odies, free carbon, carbon dioxide and the loss on ignition may 
also have to be determined.- The amount of phosphoric oxide may or may 
not be sufficient to combine with all the alumina and ferric oxide. If the 
phosphoric oxide be in excess, lime and magnesia will be precipitated as 
phosphates along with the iron and aluminium phosphates.^ It is therefore 
necessary to modify the scheme of analysis indicated for clays. Several 
processes have been devised for dealing with the problem.^ The following 


^ A. .lolles and F. Neurath, Zeit, angeMK Ch-em.^ ii, 315, 1898; R. Salvador! and G. Pellini, 
Gazz. Chim. Ital., 30 , i, 191, 1900; F. Dienert and F. Wandenbulcke, CompL rend.^ 176 , 
1478, 1923; H, W. Swank and M. G. Mellon, Ind. Eng. Chem. AmiL Ed.^ 6 , 348, 1934; I. P. 
Alimarin and V. S. Zverev, Trans. Inst. Earn. Minerals ( U.S.tS’.E.), No. 63, 1934; O. Liebknecht, 
L. Gorb and E. Bauer, Zeit. angew. Chnn.^ 44 , 860, 1931. H. Hermann {Zeit. anaL Chein.., 
46 , 318, 1907) recommends potassium tungstate in place of potassium molybdate as a quali* 
tative test for colloidal (soluble) silica — page 765. 

* For the minor constituents of bone ash, see W. L. Hill, H. L. Marshall and K. D. Jacob, 
Ind. Eng. Chem., 24 , 1306, 1932, 

® For the removal of phosphoric oxide in analysis and for the analysis of phosphated 
silicates, see C. C. Semple, Journ. Eoc. Chem. Ind., 36 , 933, 1917; G. Vortmann, Zeit. anal. 
Chem., 56 , 465, 1917; J. S. Teletov and N. N. Andronikova, ib., 80 , 351, 1930; Ukrain 
Chem. Jonm., 4 , 341, 1929; T. Millner and F. Kdnos, Zeit. anal. Chem., 92 , 253, 1933; J. D 
Cauwood, J. H. Davidson and V. Dimbleby, Joum. Sac. Glass Tech., 13 , 270T, 1929; J. 
Bougault and E. Cattelain, Journ. Pharm. Chim., ( 8 ), 14 , 97, 1931; Compt. reyid.., 193 , 1093, 
1931; G. E. F. Lundell and J. I, Hoffman, Journ. Assoc. Off. Agric. Chem., 8 , 184, 1924; 
B. Solaja, Zeit. anal. Chem., 80 , 334, 1930. 

* The acetate process is based on the assumption that the iron and aluminium phos- 
phates are precipitated from a slightly acetic acid solution containing ferric oxide, alumina, 
lime and phosphoric oxide by means of ammonium acetate. There are several modifications. 
The precipitate is contaminated with calcium phosphate — C. Glaser, Zeit. anal. Chem., 31 , 
383, 1892; W. Hess, Zeit. angew. Chem., 7 , 679, 701, 1894; F. Wyatt, The Phosphates of 
America,, New York, 150, 1892; H. T. Thomson, Journ. Soc. Chem. Ind., 5 , 152, 1886; 15 , 
868 , 1896; Chem. News, 54 , 152, 1886. In the so-called caustic alkali process, the bases 
other than aluminium hydroxide are separated while the alumina is held in solution by the 
addition of an excess of caustic soda — L. Lasne, Bull. Soc. chim., (3), IS> 6 , 118, 146, 1896; 
0. von Griiber, Zeit. anal. Chem., 30 , 9, 1891; Chem. News, 63 , 146, 1891. In the oxalate 
PROCESS, the solution remaining after the separation of the silica is mixed with sufficient 
tartaric acid to prevent the precipitation of alumina, etc., when ammonia is added to the 
solution. The lime is then removed as calcium oxalate by the addition of ammonium oxalate. 
The filtrate is evaporated to dryness in a platinum dish and the organic matter destroyed by 
heat. The residue is taken up with hydrochloric acid, and the alumina, etc., separated as 
usual — L. Blum, Zeit. anal. Chem., 39 , 152, 1900. H. Immendorff {Land. Vers. Stat., 34 , 
379, 1887) precipitates the lime as oxalate in a solution very slightly acidified with hy£o- 
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method has been found to give good results in the routine analysis of bone 
china bodies. A great many of the details are carried out as described for 
clays and there is no need to repeat full particulars. 

Loss on Ignition , — The loss on ignition is determined on a gram of the dry 
(110°) powdered sample in the usual way ^ (page 136). 

Separation of the Silica . up a further gram of the sample with 
sodium carbonate, cool, extract the cake with water and acidify with nitric 
acid instead of hydrochloric acid. Separate the silica as usual by two 
evaporations to dryness with an intervening filtration.*^ The residue left 
after evaporation of the separated silica to dryness with hydrofluoric and 
sulphuric acids may contain a trace of phosphorus pentoxide. Hence it is 
fused with a little sodium carbonate, the cake is decomposed with dilute 
nitric acid and the resulting solution added to the filtrate from the silica. 

Separation of Phosphoric Oxide . — The phosphoric oxide is separated from 
the silica filtrate as ammonium phosphomolybdate by the alternative procedure 
given on page 674. Accordingly, for every 100 c.c. of filtrate add 15 c.c. of a 
30 per cent, solution of ammonium nitrate. Add the acid ammonium molyb- 
date solution ^ in the cold, then warm on a water bath but do not boil.^ Finally 
stir well and stand overnight. Filter through a gravimetric paper of suitable 
size and wash the precipitate with acid ammonium nitrate solution ® until 
free from molybdate.® 

chloric acid. See also footnote 5, page /)87. In the sulphate process the lime is removed 
by precipitation as calcium sulphate in the presence of alcohol before the precipitation of 
aluminium and ferric phosphates by ammonia. E, Glaser, Zeit. anqetv. Chem.t 2, 036, 1889; 
R. Jones, ib., 4, 3. 1891; J. H. Vogel, ib., 4, 357, 1891; Chan. Ztg.,'lS> 495. 1891 ; T. Meyer, 
ib., 14, 1730, 1890; H. H. B. Shepherd, Chtm. News, 63, 251, 1891; VV. H. Krug and K. V. 
McElroy, Journ. Amer. Chem. Sor., 17, 200, 1895; Zeit. anal. Chem., 30, 206, 1891; T. M. 
Chatard, Trans. Amer. Inst. Min. En^., 21, 109, 1892-3; E. T. Tcschemacher and J. 1). Smith, 
Chem. News, 62 , 84, 1890; N. Blattner and J. Brasseur, »6., 76, 150, 1897; H. Herzog, ib., 
102, 25, 1910; Journ. Iml. Eng. Chem., i, 477, 1909; H. VV. VV'^iley, Principles and Practice 
of Agricultural Analysis, Easton, Pa., 2, 224, 1908. 

1 For the volatilisation of phosphoric oxide during the calcination for loss on ignition, 
see E- Lautemann, Liebig's Ann., 113, 240, 1800; S. Leavitt and J. A. Leclerc, Jouru. Amer. 
Chem. Soc., 30, 301, 617, 1908. A sample of cereals calcined at low redness gave 2*14 per 
cent, of ash and, at bright redness, 2-08 per cent. Another sample gave respectively 2-18 
and 2*10 per cent. There was therefore no serious loss under the conditions of the experi- 
ment. G. Lechartier {Compt. rend,, 109, 727, 1890) found the loss of phosphorus and also 
of sulphur is not serious if the operation be properly done. For the loss of sulphur during the 
calcination, see also G. S. Fraps, Journ. Amer. Chem. 80 c., 23, 199, 1901; E. Fleurent and 
L. I^evi, Bull. Soc. chim., (4), 9, 379, 1911. 

* The complete removal of sodium nitrate from the precipitated silica can be ascertained 
by mixing 0*5 c.c, of the washings with 1*3 c.c. of pure sulphuric acid in a porcelain crucible 
and adding 0*5 c.c. of a freshly prepared 0*02 per cent, solution of diphenylbenzidine in 
sulphuric acid. No blue colour should develop — E. A. Letts and F. W. Rea, Journ. Chem. 
80 c., 105, 1157, 1913. 

* As bone china bodies contain about 18 per cent, of 1*205 or 7-86 per cent, of phosphorus, 

1 grm. of material will contain about 0*0786 grm. P. Thus, 0 0786/0*03 = 2*62 times the 
quantity of acid ammonium molybdate solution given on page 674 will be needed. Since it 
is advisable to have an excess of the reagent over the calculated quantity, dissolve 7 grms. 
of ammonium molybdate in 35 c.c. of water, add 3 drops of concentrated ammonia and 
pour the solution into 35 c.c. of concentrated nitric acid. 

* When the precipitate has settled, the clear liquid should be tested with a little more 
of the molybdate reagent to make sure that enough has been added, 

* Acid Ammonium Nitrate. — Dissolve 50 grms. of ammonium nitrate in water, add 
40 c.c. of nitric acid (sp. gr. 1*42) and dilute to 1000 c.c. 

* To a few c.c. of the washings add a few c.c. of ammonium sulphide. Stand for 5 minutes 
and then add concentrated hydrochloric acid, drop by drop. A brown to black precipitate 
indicates molybdenum. A trace of molybdenum may be shown by the appearance of a 
blue colour — molybdenum blue.” 



THE DBTEEMINATION OP PHOSPHORUS. 68g 

The precipitate of ammonium phosphomolybdate is dissolved in ammonia ^ 
and the phosphoric oxide in the solution precipitated as ainniouium mag- 
nesium phosphate (page 674). 

Removal of Molybdenum , — The acid filtrate from the ammonium phos- 
phomolybdate contains the excess of ammonium molybdate used for the 
precipitation and the molybdenum in it must be removed before the analysis 
is continued. The solution is therefore transferred to a capacious conical 
flask and concentrated ammonia added until a faint permanent y)recipitate is 
formed. Then add, say, 50 c.c. of 10 per cent, ammonium sulydiide solution, 
shake well, stoy)y)er the flask and stand for 15 to 20 minutes. Transfer the 
flask to a fume cuy^board and add concentrated hydrochloric acid, droyj by 
drop, to the dark orange-coloured solution until acidic. Molybdenum is 
y)reciy)itated as the sulphide MoHg.^ Filter the bulky yjreciy)itate through a 
15 (un. y)ay)er and wash it well with hot water. Again treat the filtrate with 
ammonia, ammonium sulphide (say 10 c.c.) and hydrochloric acid to ensure 
that the last traces of molybdenum have been ])recipitated.® The final 
filtrate, after the complete removal of molybdenum, is boiled to expel hydrogen 
sulphide, oxidised with a few c.c. of nitric acid and, if necessary, evaporated to 
about 250 c.c. From this point onw^ards the analysis is continued as with the 
filtrate from the second silica in a normal clay.^ The alkalies are determined 
on a sej)arate sample. 

A typical analysis of a bone china body by the above ]:)rocedure gave : — 

SiOg AlgOg FcjOa MgO CaO KaO Loss Total 

32-29 14-59 0*13 0*06 26-34 2-82 0-43 18-62 5-04 l(K)-32 


^ Any residue, insoluble in ammonia, should be filtered off, washed and ignited in a 
yffatinum crucibh?. Fuse the residue with a little sodium carbonate, extract the cold cake 
with water, filter and wash. Acidify the filtrate with nitric acid, boil, make ammoniacal 
and add the solution to the ammoniacal solution of the ammonium phosphomolybdate. 
The insoluble residue on the paper, after the sodium carbonate fusion, is dissolved in nitric 
acid and the solution added to the filtrate and w^ashings from the precipitate of ammonium 
phosphomolybdate. 

^ Z. Porkowski, Prztmysl Che.m.^ i6, 160, 1932; T. Millner and F. Kuno.s, Zeit. atmL Chtin 
90 , 161, 1932; A. Lassieur, Ann. Chim. anal. Chim. appl.^ 16 , 197, 1934. For the co-precipita- 
tion of iron with molybdenum sulphide, see page 447. 

* The filtrate sometimes develops a blue colour, owing to the formation of a trcice of 
“molybdenum blue.” If this pf'raists in the final filtrate, boil to expel hydrogen sulphide, 
oxidise the solution with a few drops of nitric acid and again treat, as before, with a few 
c.c. of ammonium sulphide solution. 

^ For the determination of magnesium in the presence of phosphates, see J, I. Hoffman, 
U.S. Bur, Bland. Journ. Research, 9 , 487, 1932; Thompson, hid. Chemist, 10 , 142, 1934; 
G. Glomaud, Joum. Pharm. Chim., ( 8 ), 19 , 14, 1934. 
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THE DETERMINATION OF SULPHUR. 


There is little t^hance of discovering any exact method for the determination of sulphates 
by precipitation as barium sulphate, which shall at the same time be generally 
applicable and require no corrections, and yet not owe its accjuracy to a (com- 
pensation of errors; for the reason that some of the requisite conditions apf^ear 
to be mutually incompatible. — J, Johnston and L. H. At)am8. 

§ 335- The Properties of Barium Sulphate. 

Sulphur compounds in clayH and sili(^ates are transformed into soluble 
sulphates by fuvsion with sodium carbonate under oxidising conditions. The 
acidified solution is treated with a soluble barium salt and insoluble barium 
sulphate is precipitated. This is washed, dried, ignited in the usual manner 
and weighed as Ba804. The analytical value of barium sulphate was recog- 
nised very early. Bergmann made use of it about 1750 and Vauquelin, Kirwan 
and Klaproth, Aiken, Berard, Berzelius and other })rominent w^orkers on the 
foundations of analytical chemistry studied its composition.^ Until com- 
paratively recently, many books on analysis gave students the impression 
that the weight of the barium sulphate indicated the amount of sulphur 
trioxide in a given sample with unerring precision. It has long been certain 
that the results, unless definite precautions be taken, can only be approxi- 
mately correct and may indeed be untrustworthy. The method, in fact, is 
peculiarly sensitive to modifications in the conditions of the experiment. In 
1871, Glover ^ quoted the following analyses of seven different samples of 
pyrites by three different professional analysts, A, B, C: — 


Table LXIV. — Test Analysis for Sulphur in Pyrites. 





Per cent, of sulphur. 



Sample No. 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

A . 

38-80 

40-90 

39-60 

39-30 

41-60 

38-20 

39-70 

B . 

38-00 

40-90 

39-10 

39-50 

41-40 

38-00 

39-20 

C . 

40-20 

42-70 

41-10 

i 

40-70 

43-50 

1 

40-(X) 

41-10 


In some cases the difference amounts to about 2 per cent. Since somewhat 
similar results may be met with, even to-day, it is necessary to examine the 
more important sources of error. 


^ T. Bergmann, De Analysi Aquamm^ Stockholm, 1778; L. N. Vauquelin, Ann, Chim» 
Phys., ( 1 ), 50 , 168, 1804; J. E. Berard, ib., ( 1 ), 71 , 69, 1809; J. J. Berzelius, ib., (1), 78 , 
30, 1811; A. Aiken, Nicholson's Joum., 22 , 204 ^, 1809; R. Kirwan and M‘. H. Klaproth, 
Oehlen's Journ.^ 5 , 616, 1808. • J. Glover, Chem. News, 23 , 67, 1871 • 
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It is generally stated that sulphxiric acid will show one part of ''barium” 
in between 80, (XX) and 250, (K)0 parts of solution. According to Bottger,^ 
0*0000015 gram-molecule of potassium sulphate per litre will give a sensible 
turbidity with barium chloride in about 6 hours, and 0*0000039 gram-molecule 
of barium chloride per litre will give a sensible turbidity with potassium 
sulphate in about 2 hours. 

1. The Adsorption of Salts by the Precipitated Barium Sulphate , — The ease 
with which salts and acids, themselves soluble in water, are carried down 
and the difficulty of subsequently removing these impurities are characteristic 
of precipitating barium sulphate. Berzeli us, ^ for example, said in 1820: “The 
impurities are in a state of combination which cannot be broken up by an 
excess of acid.” Turner ^ also long ago pointed out that barium sulphate 
has a tendency to carry down other salts during its precipitation. He said 
(1829): “The adhesion of potassium sulphate to the precipitate ensues even 
in a dilute solution; and it is not prevented by the presence of other salts, 
such as potassium nitrate, ammonium chloride, or ammonium nitrate. The 
quantity of adhering salt is variable, depending apparently as well on the 
relative quantity of the two salts, and the strength of the solution, as on the 
manner and extent of edulcoration. I have known it to increase the weight 
of the barium sulphate by J per cent.” 

A large number of observers ^ have ]>laced similar facts on record. Salts 
of the alkalies and the alkaline earths,® silica, magnesium, cobalt, copper. 


* F, Jackson, Journ. Amer. Chem. Soc.y 25, 992, 1903; VV. Botlgor, Zeit, angew. Chem., 
25, 1992, 1912. 

2 J. J. Berzelius, Ann. Chini. Phys,, (2), 14, 376, 1820. 

» E. Turner, Phil. Trans., 119, 295, 1829; H. Rose, Pagg. Ann., 113, 627, 1861. See 
also J. J. Berzelius, Jahresbericht, 142, 1831, and a discussion between Berzelius and 
T. Thomson, ih., 77, 1827; Phil. Mag., (2), 4, 453, 1828; (2), 5, 221, 1829. 

* K. FrefiKJiiius, Zeit. ami. Chem., 8, 52, 1869; 9, 52, 1870; 19, 53, 1880; 16, 339, 1877; 
30, 452, 1891; R. Fresenius and K. Hintz, ib., 35, 170, 1896; G. Briigehnann, ib., 16, 19, 
1877; E. Hintz and H, Weber, ib., 45, 31, 1906; H, Weber, ib., 45, 714, 1906; G. Lunge, 
ib., 19, 419, 1880; G. Meineke, ib., 38, 210, 1899; T. O. Sloane, Journ. Amcr. Chem. Soc., 
3, 37, 1881; C. W. Foulk, ib., i8, 793, 1896; J. Johnston and L. H. Adams, ib., 33, 829, 
1911; L. Archbutt, Journ. Poe. Chem. Jnd., 9, 25, 1890; W, Smith, ib., i, 85, 1882; P. 
Jannasch, Journ. prakt. Chem., (2), 40, 233, 1889; C. Diehl, ib., (1), 79, 430, 1860; R. Silber- 
Ixjrger, MonaU., 25, 220, 1904; A. Ziegeler, Chem. Centr., (3), 12, 555, 1881; W. Ostwald, 
Zeit. phys. Chem., 34, 495, 1900; G. Hulett, ib., 37, 385, 1901; 47, 357, 1904; F. W. Kiister 
and A. Thiel, Zeit. anorg. Chem., 22, 424, 1900; G. Hulett and L. H. Duschak, ib., 40, 196, 
1904; (). N. Heidenreieh, ib., 20, 233, 1899; A. Fischer, ib., 42, 408, 1904; A. Tliiel, ib., 
36, 85, 1903; T. W. Richards, ib., i, 150, 187, 1892; Proc. Amer. Acad., 26, 258, 1891; 
T. W. Richards and H. G. l^arker, ib., 31, 67, 1896; O. Herting, Zeit. angew. Chem., 12, 
274, 1899; Chem. Ztg., 23, 768, 1899; E. Ruppin, ib., 33, 17, 398, 1909; 34, 1201, 1910; 
J. Sacher, ib., 33, 28, 1909; O. Folin, Journ. Biol. Chem., i, 131, 1905; E. F. Teschemacher 
and J. D. Smith, Chem. News, 24, 61, 66, 171, 1871; N. Glcndinning and A. Edgar, ib., 24, 
140, 220, 1871; S. Wyrouboff, Bull. Soc. chim., (3), 21, 1046, 1899; J. I. Phinney, Arner. 
J. Science, (3), 45, 468, 1891; W. S. Allen and H. B. Bishop, Inte.rnat. Cong. App. Chem., 
8, i, 33, 1912; H. B. Weiser, Journ. Phys. Chem., 21, 314, 1917; D. Balareff, Zeit. anorg. 
Chem., 167, 237, 1927; 168, 154, 1927; 169, 267, 1928; Zeit. anal. Chem., 72, 303, 1928; 
L. de Brouck^re, BuM. Soc. chim. Bdg., 39, 174, 1930; Journ. Chim. phys. 27, 543, 1930; 
H. G. Grimm and G. Wagner, Zeit. phys. Chem., 132, 131, 1928. 

* For alkali sulphates, see E. Turner, Phil. Trans., 119, 295, 1829; R. Bunsen, Zeit, 
anal. Chem., 10, 396, 1871; H. Hose, Handbuch der analytischen Chemie, Leipzig, 2, 368. 
1871; W. A. Turner, Amer. Journ. Sci., (4), 38, 41, 1914; F. L. Hahn and R. Keim, Zeit. 
anorg. Chem., 206, 398, 1932 ; B. Te&ak, BuU. Soc. chim. Roy. Yougoslav, 3, 147, 1932. Potassium 
chloride and chlorate, H. Rose, Pogg. Ann., 11$, 627, 1861; Kretschy, Zeit. anal. Chem., 
to, 396, 1871; B. Sohultze, Wagner's Jahresber., 2 ^, 1882. Alkali chlorates and nitrates, 
R. Fresenlus, Zeit. anal, Chem., 9, 62, 1870; T. S. Gladding, Journ. Amer. Chem. Soc., 16, 
398, 1894. Lithium salts, K, Diehl, Liebig's Ann., izi, 98, 1862; J. N. Friend and W. N. 
Wheat, Analyst, 57, 669, 1932. 
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iron ^ and aluminium compounds, ^ etc.,® may be carried down ^ with the 
precipitate. In illustration, known quantities of barium chloride and sulphuric 
acid were mixed in the presence of the salts indicated in Table LXV.; the 
results were somewhat high under conditions where slightly low results would 
have been obtained in the absence of the contaminating salts. 

Table LXV, — Effect of Foreign Salts on the Precipitation 
of Barium Sulphate. 


BaCb.2H*(), 

i Salt added. 

BaSO^ 


grm. taken. 

1 5 grm. 

1 

found. 


0-5046 

i 

1 

0-4814 

. 

t)-(KH)4 

0-5020 

1 K(3 1 

1 0-4931 

f 0-0137 i 

0-5013 

1 NaCI 1 

1 0-4849 

1 0(H>61 

0-5027 

i KCIO3 

i ! 

0-4907 1 

4 0-()107 j 


Hence, some of the salt carried down with the precipitate* is probably 
weighed with the barium sulphate.® Further experiments show that occlusion 
occurs in presence of all the common metallic salts and of sulphates soluble in 
water; and that the amount of this occlusion per gram-molecule is nearly the 
same for all the metals. Hence, all barium sulphate precipitates have a complex 
composition owing to the presence of occluded salts, e.g. sodium nitrate,® 
ammonium salts, sodium, potassium and ammonium chlorides, potassium and 

1 Accjordirig to C. K. Gyzander (Chem. News, 93, 213, 1906), ferrous salts are not so liable 
to contaminate the precipitated barium sulphate as ferric salts; h(*nce, before prt‘oipitating 
the barium salt in the presence of iron, some recommend the addition of a reducing agent 
such as hydroxylamine hydroc^hloride. 

* E. A. Schneider, Zeit. phys. Chem., 10, 425, 1895; H. J. M. Oeighton, Zvit. anorg. 
Chern.f 63, 53, 1909; L. Moser and P, Kohn, ib., 122, 299, 1922; A. Mits(4ierlich, Journ. 
praki. Chern., (1), 83, 455, 1861. 

® For the adsorption of: — Barium nitrate and chloride, sec E. Mitscherlich, Fogg. Ann., 
55, 209, 1842; E. Siegle, Journ. praki. Chem., (1), 69, 142, 1856; H. Rose, Potpj. Ann., 113, 
627, 1861; F. W. Mar, Amer. Journ. Science, (3), 41, 288, 1891; P. E. Browning, ih,, (3), 
45, 403, 1893; J. I. Phinney, ih., (3), 45, 468, 1893; T. W. Richards and H. G. Parker, Zeit. 
anorg. Chem., 8, 413, 1895; Z. Karaoglanow, Zeit. anal. Chem., 56, 225, 1917; F. 0. (jrermuth, 
Amer. Joum. Pharm., 99, 271, 1927. Chromium salts, L. W. Winkler, Zeit. angew. Chem., 
33, 287, 1920; M. N. Pavlov, Ukraine Chem. Journ., 2, 353, 1926; E. A. Nikitina and A. V. 
Babajeva, Trans. Jnst. Pure Chem. Reag., 10, 20, 1931. Cerium salts, J. C. G. Marignac, 
Arch. Science phys. nai., 8, 265, 1848; Liebig^s Ann., 68, 216, 1848. l^ranium and thorium 
salts, L. A. Vasil’eva, Uchen. Zapiski Kazan Gosud. Univ., 90, 15, 1930. Platinum salts, 
C. E. Claus, Journ. praki. Chem,, (1), 8S, 129, 1862; Jahresbericht, 323, 1861. Vanadium 
salts, H. Hose, Handbuch der analytischen Chemie, Leipzig, 2, 456, 1871. Zinc chloride, 
P. Jannasch and T. W. Richards, J(mm. praki. Chem., (2), 39, 321, 1889; F. W. Kiister and 
A. Thiel, Zeit. anorg. Chem., 22, 424, 19(H). Sulphuric acid, H. Rose, Handbuch der analy- 
tischen Chemie, Leipzig, 2, 455, 187] ; F. L. Hahn and R. Keim, Zeit. anorg. Chem., 206, 
398, 1932. Phosphoric acid, T. Scheerer, J<mm. praki. Chem., (1), 75, 113, 1868; 
J. Spiller, Chem. News, 10, 219, 1864; T. von Fellenberg, Mitt. Lebensmittelunters Hyg., 6, 
191, 1915; Chem. Zentr., (2), 1262, 1915; L. W. Winkler, Zeit. angew. Chem., 33, 287, 1920; 

I. Majdel, Bull. Soc. chim. Roy. Yougoslav, i, 25, 1931. Organic aciids, P. Jannasch and 
T. W. Richards, Journ. prakt. Chem., (2), 39, 325, 1889; J. Spiller, Journ. Chem. 80 c., 10, 
110, 1858; T. S. Gladding, Joum. Amer, Chem. 80 c., 16, 398, 1894; F. W. Kiister and 
A. Thiel, Zeit. anorg. Chem., 19, 97, 1899. 

^ Either by adsorption or mechanically or in chemical combination. 

® Y. Kato and I. Noda, Mem. Coll. Set. Eng. Ky60, 2, 217, 1910; E. T. Allen and 

J. Johnston, Joum. Amer. Chem. 80 c., 32, 688, 1910; Journ. Ind. Eng. Chem., 2, 196, 1910; 
W. A. Turner, Amer. Journ. Sci., (4), 38, 41, 1914. 

® This forms caustic soda on strong ignition. 
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sodium sulphates. Potassium salts are more likely to be occluded than sodium 
salts. Magnesium sulphate is scarcely occluded at all, and the error from 
alkali and ammonium chlorides is very small, unless very small precipitates 
are in question, when this error becomes of increasing importance. In general, 
the greater the concentration- of the alkali salts in the mother liquid^ the greater 
the amount of salt oeduded by the precipitate. For instance, Allen and Johnston 
found that 350 c.c. of a solution containing the equivalent of 2 grins, of barium 
sulphate and 2 c.c. of a 2 per cent, solution of hydrochloric acid, gave the 
following results in the presence of sodium chloride: 

Sodium chloride . .0 .5 10 20 30 50 70 100 grms. 

Occluded sail in precipitate . 8-2 17-4 19 0 24*4 31*4 38-4 45*8 47*6 nigriWH. 

Barium chloride, the precipitating agent, may also be carried down with 
the precij)itat.ed barium sulphate — about 0-15 per cent, is present in slowly 
form(*d precipitates.^ Some of this may be removed by washing with dilute 
nitric or acetic acid, but another source of error may affect the work when the 
precipitate is subjected to acid treatment — page 697. 

It is not always practicable to dissolve the precipitated barium suljihate 
and reprecipitate, as is frequently possible with most preeijutates affected in a 
similar way. Mitscherlich ^ suggested purifying the precipitate by dissolving 
it in concentrated sulphuric acid ^ and reprecipitating the barium sulphate by 
dilution with water. The precipitate ^ is dissolved in a platinum crucible or 
dish with 10-15 c.c. of concentrated sulphuric acid and the solution poured in 
a thin stream, with vigorous stirring, into 350 c.c. of water. The solution is 
heated to facilitate the filtering of the purified barium sulphate. The soluble 
salts to a great extent remain in solution. Examples of two successive 
extractions of two different precipitates may be quoted: 

1. II. 

First extraction . 0-0101 0-0248 grm. sodium sulphate. 

Second extraction . . 0-0(X)8 0-0021 grm. sodium sulphate. 

This process is by no means satisfactory, particularly where the original 
precipitate is contaminated with barium salts. However, according to Rose,® 
the alkali salts are removed so completely that the spectroscope can afterwards 
detect but the merest traces of them. Berzelius ® tried digesting the precipitate 
with hydrochloric acid, but the results w^ere not satisfactory and Rose says that 
this treatment is “useless.’’ Mar ^ obtained better results by evaporating 

^ A. Mitscherlich, Pogg. Ann.,, 55 , 214, 1842; E. Siegle, Journ. prakt. Chem,, ( 1 ), 69 , 142, 
1856; C. W. Foulk, Journ, Amer. Chem, Soc,, 18 , 793, 1896; W. A. Turner, Amer, Journ, 
Science, (4), 38 , 41, 1914; B. Teiak, B ,Soc. chim, Roy. Yotigoatav, 3 , 147, 1932. 

* A. Mitscherlicjh, Journ. prakt. Chem., ( 1 ), 83 , 456, 1861; W. G. Mixter, Chem. News, 27 , 
53, 1873; Amer. J. Science, (3), 4 , 90, 1872; F. H. Storer and A. H. Pearson, ib., (2), 48 , 870, 
1869; F. A. Gooch and D. U. Hill, ib., (4), 35 , 311, 1913; Chem. News, 109 , 195, 1914; 
Z. Karaoglanow, Zeit. anat. Chem., 56 , 225, 1917. F. Stolba {DinylePs Journ., 186 , 43, 
1863; Cf^m. News, 9 , 133, 1864) proposed to purify the barium sulphate by washing it with 
solution of copper acetate followed by hot water, but this is also “useless” — R. Fresenius, 
Zeit, anal, Chem., 9 , 52, 1870; H. Rose, Handbuch der analytischen Chemie, Leipzig, 2 , 455, 
1871 ; Z. Karaoglanow, l.c.; G. McP. Smith, Journ. Amer, Chem. Soc., 39 , 1152, 1917. 

* J. Nickl^s, Amer, J, Science, (2), 39 , 90, 1865; Chem. News, 11 , 125, 1865. 

* E. Kuppin {Chem. Zig., 33 , 17, 398, 1909; 34 , 1201, 1910) boils the precipitate four 
times in acidulated w'atcr. J. F. 8 acher, ib., 33 , 218, 941, 1909; M. J. van’t Kruys, Chem. 
Wmkbm, 6 , 735, 1909, 

s H. Rose, HancUmch der amlytischen Chemie, Leipzig, 2 , 27, 1871. 

* J. J. Berzelius, Ann, Chim, Phys., (2), 14 , 376, 1820; G. Briigelmaivn* ZeU, anal, Chem., 
x 6 , 22, 1877; H. Rose, Handbuch der cmalytischen Chemie, Leipzig, a, 455, 1871. 

’ F. W. Mar, Chem. Nem, 63 , 256, 1891; Amer. J. Science., (3), 43 , 521, 1892. 
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the sulphuric acid solution of the sulphate to dryness, washing the crystals so 
obtained with water on an asbestos pad in a Gooch crucible, followed by 
ignition and weighing. The removal of silica by digesting the barium sulphate 
with hydrofluoric acid requires care, because barium sulphate is decomposed 
by the treatment. Thus Sleeper ^ obtained the following numbers on weighing 
2*1563 grms. of barium sulphate after each successive evaporation with 
hydrofluoric acid: 

2*1457 2*1295 2*1224 2*1041 2*1022 2*0800 2*0549 

The barium sulphate, after the digestion, should ])e treated with a drop of 
sulphuric acid. As a matter of fact, Slee])er observed no contamination of the 
precipitated barium sulphate with silica when the former was preci])itated 
from artificial mixtures of a soluble sulphate with sodium vsilicate. 

Barium sulphate is freed from many impurities by fusion with four or 
more times its weight of potassium carbonate, whereby the barium is com- 
pletely converted to carbonate, which can be washed, dried and weighed as 
such or re-converted to sulphate. Scheele did not know about this fusion 
method for decomposing heavy spar, for he used charcoal or honey; Marggraf 
used potassium carbonate to decompose Bologna stone; and Wieghe recom- 
mended Marggraf’s process, but since he used only one atid a half equivalents 
of potassium carbonate to one equivalent of barium sulphate, the decomposition 
was never complete. Later, Htromeyer used the carbonate for the same 
purpose. Rose ^ first worked out the proper mass relations for complete 
decompovsition. He found it necessary to use six or seven times the equivalent 
weight of potassium carbonate to ensure complete conversion of the barium 
sulphate to carbonate, and even this amount of sodium carbonate does not 
decompose the sulphate completely after one and a half hour’s fusion. How- 
ever, on account of the lower molecular weight of sodium carbonate, a quantity 
of either carbonate equal to four times the actual weight of the barium 
sulphate will suffice for the decomposition of the latter. 

The important thing is to avoid the mutual precipitation of salts from the 
mother liquid with the barium sulphate. The barium chloride solution should 
not be added suddenly, but rather in drops, gradually, with constant stirring. 
In illustration, the two following experiments may be cited to show the differ- 
ence in the weight of the precipitate obtained when the barium chloride is 
added suddenly and in drops — the theoretical amount of barium sulphate was 
49*33 per cent. : 

I. II. 

In drops ..... 49*23 49*30 

Suddenly ..... 50*03 49*90 

These and other experiments show that the rapid addition of the preci/piixini gives 
a more impure precipitate than when the prex^ipitant is added slowly,^ Indeed, 


1 J. F. Sleeper, Chem. Netos, 69 , 63, 1894. 

* H. Rose, Fogg, Ann., 95 , 96, 284, 426, 1855; C. W. Schecle, Samndiche phgsische utid 
chemischc Werke, 2 , 179, 1793; A. S. Marggraf, Chemische Schrifien, Berlin, 2 , 135, 1767; 
O. G. Wiegleb, CreWs Neueste Enideckungen in der ChemiCt 2 , 14, 1781; F. Stromeyer, 
Unkrsuchungen nber der Mineralkorper und anderer damit verwandter Substanze^n, G 6 ttingen, 
1821. 

* Z. Karaoglanow, Zeit, ancU, Chem.^ 57 , 77, 1918; D. Balareff, Zeit. anorg, Chem,, 123 , 
69, 1922; K, P. Chatterjee, ib,, X2i, 128, 1922; A. G. Murray, Jimrn, Amer, Pharm, Assoc,, 
X 3 , 424, 1924; J. M* Taylor (Joum, 80 c, Chem, Ind,, 42 , 294T, 1923; F. L. Hahn and E. Otto, 
Zeit. anorg. Chem., 126 , 257, 1623; 1. M. Kolthofi and M. J. van Cittert, Pharm, Weekb., 
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if the precipitate which has been formed suddenly be fused with sodium 
carbonate, and, when cold, leached with water, filtered and the filtrate treated 
with silver nitrate as described on page 746, a precipitate of silver chloride is 
obtained corresponding, in amount, with the excess in the preceding figures, 
calculated on the assumption that the excessive amount of barium sulphate 
is due to adsorbed barium chloride. This demonstrates the adsorption of 
barium chloride by the precipitate formed under the conditions stated. If the 
barium chloride be added slowly, the contamination of the precipitates with 
phosphates is also reduced to a minimum.^ 

Jf much hydrochloric acid be also present, ^ a greater excess of barium 
chloride is needed to precipitate a given amount of sulphuric acid; and con- 
versely,^ a greater excess of a soluble sulphate is needed to precipitate a given 
amount of barium chloride. Hence, the- risk of contamination of the prcMlpitated 
sulphate with barium chloride is greater ^ the greater the amount of free hydrochloric 
acid present^', but, tvithin certain limits, the greater the acidity of the solution, 
the less the amount of the salt occluded by the prex^ipitated barium sulphate, Allen 
and Johnston consider that the l>est results are obtained when the “sulphate*’ 
solution contains 20 to 30 c.c. of 5N-hydrochloric acid per 500 c.c.,® and the 
amount of “sulphuric acid” is such that 5 to 10 c.c. of normal barium chloride 
solution are needed for the precipitation. If bariuiri is to be determined, the 
solution should contain about 0*5 per cent, hydrochloric acid before adding 
the precipitating agent, say ammonium sul])hate (10 per cent, solution). A 
considerable excess of the latter is needed for complete precipitation. 


60 , 1177, 1923; Zelt. anal. Chem., 63 , 392, 1923) recommends running the barium chloride 
and sulphate solutions slowly and simultaneously into boiling wate^r, acidulated with hydro- 
chloric acid, 

^ T. von Fellcnborg, Mitt. LebensmUlehmtera Hyg., 6 , 191, 1915. 

3 G. llulett and L. H. Duschak {Zeif. anorg. Chem., 40 , 196, 1904) found that, on heating 
to 600^ the barium sulphate precipitated by sulphuric acid from barium chloride solution, 
some hydrogen chloride was evolved and the moistened residue afterwards reacted alkaline. 

.SO4H .01 

Hence they argued that the precipitated sulphate is really a mixture of lia<; , Ba<; 

^SO^H \SO4H 


and \S ()4 and that these substances, when heated, form barium sulphate or a basic 
Ba< 

\oi 


sulphate or chloride and hydrogen chloride. N. A. Rudnev (Uchen. Zapiski Kazan Qoaud, 
Univ., 90 , 1054, 1930) says that the use of barium nitrate, or the presence of nitric acid, 
gives liigh results owing to the formation of (BaN 05 ) 2804 . The error increases with increasing 
concentration of nitric acid, reaches a limit and then decreases. 

« F. W. Mar {Chem. News, 63 , 256, 1891; Amer. J. Scieswe, (3), 41 , 288, 1891; (3), 43 , 
521, 1892) and P. E. Browning ( 16 ., (3), 45 , 399, 1893) state that if a sufficient excess of 
sulphuric acid be present, the precipitation of barium as sulphate is not affected by the 
presence of up to 10 per cent, by volume of hydrochloric acid, nitric acid or aqua regia. 
E. Murmann (Oesier, Chem. Z(g., 13 , 227, 1910) recommends a largo excess of hydrochloric 
acid with a few drops of alcohol to facilitate the precipitation of the barium sulphate. J. L. 
Osborne {Journ. Phys. Chem., 17 , 629, 1913) coagulates the precipitate by the addition 
of a concentrated solution of ammonium acetate. 


* J, O. Roos, Kungl. Teknis. Hogs. Materialpruf., 34, 1896-1906; M. Huybrechts, Bull. 
80 c. chim. Belg., 24 , 177, 281, 1910. 

® O. Folin {Joum. Biochem., i, 131, 1906) prescribes, as safe limits, 1 to 4 c.c. of concen- 
trated hydrochloric acid per 1 ^ c.c. of solution. K. P. Chatterjee (Zeit. anorg. Chem., 121 , 
128, 1922) says that the concentration of hydrochloric acid should not be greater than O’l 
per cent, by volume of the solution. L. W. Winkler (Zeit. angew. Chem., 33 , 59, 1920) and 
H. B. Jensen (Analyst, 53 , 136, 1928) report losses when barium sulphate is precipitated 
in 0*01 to 0 * 02 N-soltttion 8 of hydrochloric acid. 
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Jaiinasch and Richards ^ attributed the retention of iron by the precipitate ^ 
to the formation of a double ferric barium sulphate, and add that, in a solution 
containing ferric chloride, “an accurate determination of sulphuric acid by 
direct precipitation with barium chloride is not practicable.’’ Hence, in 
determining sulphur in, say, pyrites the iron should be first removed, as 
Lunge recommends, by precipitation with ammonia before precipitating the 
barium sulphate.^ An insignificant trace of sulphur may be lost owing to 
adsorption by the ammonia precipitate, or by the separation of a basic ferric 
sulphate with the ammonia precipitate. According to Lunge,^ this need not 
be feared if the solution, after treatment with a moderate excess of ammonia, 
be heated to about 60° or 70° (not over) for about 10 minutes. The solution 
should still smell strongly of ammonia. The preci})itate is filtered off and the 
sulphate precipitated from the filtrate as described below. With the same 
object in view, Treadwell ® recommends supersaturating the solution with 
ammonia in the cold and afterwards raising the temperature almost to boiling 
with constant stirring. The precipitate is filtered and washed until the 
washings give no turbidity with barium chloride after standing 5 minutes.® 

In addition to the (i) douhle salt hypothesis of rlannasch and Richards, 
there is the (ii) coynplex salt hypothesis, Ostwald suggested an analogy between 
the heated solution containing iron sulphate and solutions containing chromium 
sulphate and this led Kiister and Thiel to assume that the complex Ba(FeS 04)4 
is precipitated with the barium sulphate. Richards objected to this view 
and rather fiivoured the formation of a basic complex, Fe(S 04 ) 0 H. It has 
not yet been possible from the data available to decide what complex is present. 
Schneider considers that the double salt hypothesis is unsatisfactory and 


^ G. 8 . Fraps, Aimr. Chem. Journ,, 27 , 288, 1902; R. Fresenius, Zeii. anal. Chfini., 9 , 52, 
1870: P. Jannasch and T. W. Richards, Jonrn. prnkt. Chem., (2), 39 , 321, 1889; 40 , 233, 
1889; C. B. Williams, Journ. Amer. Chem. Sor., 24 , 658, 1902; G. McP. Smith, ih., 39 , 1 152, 
1917; J. H. Graham, Journ. Franklin InM., 159 , 441, 1905; V. M. Shlapin, Vchpn. Zapiski 
Kazan Go.^ud. Univ., 88 , 461, 1928; E. Turner, Phil. Trans., 119 , 291, 1829; C. K. Claus, 
Journ. prakt. Chem., (1), 85 , 129, 1862. 

* For the adsorption of ferric salts by barium sulphate, see E. Dittler, Kolloid Zeit., 21, 
27, 1917; L. de Brouckere, Pull. Acad.'^Koy. Belg., (5), 13 , 827, 1927; (5), 15 , 170, 1928; 
Bull. Soc. chim, Bdg., 38 , 409, 1929; A. Oiacalone and F. Russo, Oazz, Chim. Ital., 66 , 631, 
1936. 

® M. Dennstedt and F. Hassler, Zeit. angew. Chem., 16 , 1233, 1903; G. Lunge and R. 
Stierlin, 16 ., 18 , 446, 1656, 1921, 1905; G. Lunge, ih., i 6 , 1081, 1903; Zeit. anal. Chem., 19 , 
414, 1880; Journ. Amer. Chew, taioc., 17 , 69, 1895; T. 8 . Gladding, ib., 16 , 398, 1894; i 8 , 
446, 1896; N. J. Lane, ib., 18 , 682, 1896; G. von Knorre, Chem. Jml., 28 , 2, 1906; K. Jene, 
Chem. Ztg., 29 , 362, 1905; H. Mennicke, ib., 29 , 4951, 1905; B. N. Gottlieb, ib., 29 , 668 , 
1905; F. W. Kiister and A. Thiel, Zeit. anorg. Chem., 19 , 97, 1898; E. Martin, Mon. Sci., 
(5), 3 , (ii), 686 , 1913; (5), 4 , (i), 866 , 1914; C. Zay, Stat. sperim. agrar. lUil., 49 , 530, 1916; 
Chem. Zenir., ( 1 ), 446, 1917. F. Johnson {Chem. News, 70 , 212, 1894) recommends reducing 
the ferric to ferrous iron by boiling the solution with sodium hypophosphite before the 
precipitation. W. S. Allen and H. B. Bishop {Eighth Inter. Cong. App. Chem., i, i, 33, 
1912; H. C. Moore, Journ. Ind. Eng. Chem., 8 , 26, 1916) reduce the iron with aluminium 
powder. E. J. Virgin {Teknisk Tide. (Kemi), 53 , 1 , 1923) uses hydroxylamine hydrochloride. 
H. Koelsch {Chem. Ztg., 43 , 117, 1919) says that the prior removal of iron has little 
on the purity of the precipitate. See also I. M. Kolthoff and M. J. van Oittert, Pharm. 
WeM., 60 , 1177, 1923; Z. Karaoglanow, Zeit. aruil. Chem., 56 , 561, 1917. D. P. Liebenberg 
and S. Leith {Journ. 8. African Chem. Inst., 14, 47, 1931) reduce the ferric iron with potassium 
iodide. 

^ G, Lunge, Zeit. anorg. Chem., 19 , 454, 1899; F. W. Kiister and A. Thiel, ib., 19 , 97, 
1899; 22 , 424, 1900; O, Herting, Zeit. angew. Chem., 12 , 274, 1899; 0, Herting, Chem, 
Ztg., 23 , 768, 1899; O. N. Heideiireich, Zeit. anorg. Chem., 20 , 233, 1900; C. R. Gyzander, 
Chem. News, 93 , 213, 1906. 

* F. P. Treadwell, Kurzes Lehrbuch der analytischen Chemie, Leipzig, 2 , 385, 1911. 

* In doubtful cases the precipitate should be ignited and fused with sodium carbonate 
and the aqueous extract of tne mass tested to make sure that sulphates are absent. 
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argues for the (iii) solid solution hypothesis, in which it is assumed that ferric 
sulphate can dissolve in barium sulphate only up to a point of saturation. 
Kolthoff and Vogelenzang maintain that the simultaneous precipitation of 
other salts with barium sulphate can be caused by (i) conglomerate formation, 
(ii) solid solution, (iii) adsorption, (iv) mixed crystals, (v) mechanical inclusion, 
and (vi) chemical reaction.^ 

2. The Solubility of Barium Sulphate. — Barium sulphate is but sparingly 
soluble in water, ^ 1(X) c.c. of water at 18° dissolving 0-0CX)23 grm. of barium 
sulphate, while 1()0 c.c. of water at 100° dissolve 0*(X)041 grm. The freshly 
precipitated sulphate is rather more soluble than the precipitate which has 
stood for some time in contact with the mother liquid.® Curiously enough, a 
precipitate of barium sulphate which is filtered aud washed ifnmediately after 
precipitation is less easily freed from occluded salts by the washing, and therefore 
contains more occluded salts than one which has been left to stand some time, say 
overnight. The difference is considerable when the amount of the salt in 
the solution is large. For instance, a solution containing the equivalent of 
2 grms. of barium sulphate and 5 grins, of sodium sulphate gave a precipitate 
containing; 

Ocdiidcd Na^SO^ . 22 « lU O 174 14-0 12-2 10 4 8-2 7-6 mgrms. 

Time standing . ir» min. 3 hrs. 18 hrs. 2 days 4 days 48 days 1.50 days 210 days. 

These experiments were made at 20°. Experiments at 100° showed that 
rather less salt is occluded than at the lower temperature. 

The solubility of the barium sulphate is augmented by acids.* Thus, 
100 c.c. of a solution containing hydrochloric acid dissolved the following 
amounts of barium sulphate: 

HCl . . L82 3-65 7*29 grms. 

Ba804 . . . 0*0067 0*0089 0*0101 grm. 


* W. Ostwald, Zfit. phya. Chem., 29, 340, 1899; F. W. Kiister and A. Thiel, Zeif. anorg. 
Chem., 22, 424, 1900; 25, 319, 1900; T. W. Richards, ib., 23, 383, 1900; E. A. Schneider, 
Zeit. phyn. Chem., lo, 425, 1892; 1. M. Kolthoff and E. H. Vogelenzang, Phmm. Weekb,, 56, 
122, 1919. 

* F. Cracc-Calvort, Chem. Gaz., 13, 55, 1856; Manchester Lit. and Phil. Soc. Mem., 14, 
85, 1857; Journ. praki. Chem., (1), 68, 305, 1856; A. F. Hollemaii, Zeit. phys. Chem., 12, 
125, 1893; F. Kohlrausch, ib., 50, 355, 1905; 64, 129, 1908; G. A. Hidett, ib., 37, 385, 1901; 
W. Bottger, ib,, 46, 521, 1903; $6, 83, 1906; R. Freseniua and E. Hintz, Zeit. anal. Chem., 
35, 170, 1896; R. Fresenius, ib., 9, 52, 1870; 30, 455, 1891; Z. Karaoglanow, ib., 56, 225, 
1917; F. W. Kiister, Zeit. anorg. Chem., 12, 261, 1896; D. Balareff, ib., 145, 122, 1025; 
A. C. Melcher, Joum. Amer. Chem. Soc., 32, 50, 1910; E. W. Neuman, ib., 55, 879, 1933; 
F. Margueritto, Compt. re.nd., 38, 308, 1854; M. Lemarchands, ib., 187, 601, 1928; 1. M. 
Kolthoff and E. H. Vogelenzang, Plmrm, Weekb., 56, 122, 1919; F. Kohlrausch and F. Rose, 
Ann. Phys. Chem., (2), 50, 127, 1893. 

® Cf. page 201. W. H, Wollaston, Phil. Trans., 103, 51, 1813; W. Ostwald, Zeit. phys. 
Chem., 34, 495, 1900; G. Hulett, ib., 37, 38.5, 1901; 47, 357, 1904; 1>. P. von Weimarn, 
Orundzyge der Dispersoidchemie, Dresden, 119, 1911; E. G. Pierce, Chem. Engineer, 24, 62, 
1916; H. B. Weisor, Journ. Phys. Chem., 21, 314, 1917. 

^ G. S. Fraps, Amer. Chem. Journ., 27, 288, 1902; H. Rose, Pogg. Ann., 95, 108, 1855; 
K. Piria, 11 Cimento, 5, 257, 1847; E. Siegle, Journ. prakt. Chem., (1), 69, 142, 1866; W. 
Ostwald, ib,, (2), 29, 49, 1884; O. L. Erdmann and M. Mittenzwey, ib., (1), 75, 214, 1868; 
E. 0. Nicholson and D. S. Price, Phil. Mag., (4), ii, 169, 1856; H. M. Noad, Journ. Chem. 
Soc.,, 9, 16, 1856; W. Ostwald and W. Banthisch, Journ, prakt, Chem,, (2), 29, 52, 1884; 
C. Gutkowsky, Ber., 5, 330, 1872; G. Lunge, Joum. Soc. Chem. Jnd., 4, 32, 1885; E. T. 
Allen and J. Johnston, Journ. Amer. Chem. Sac., 32, 588, 1910; T. S. Gladding, ib,, 16, 
398, 1894; R. Fresenius, Zeit, anal. Chem., 9, 62, 1870; Z. Karaoglanow, ib., 56, 225, 487, 
1917; I. M. Kolthoff and E. H. Vogelenzang, Pharm. Weekb., 56, 122, 1919; F. C. Calvert, 
Chem. Oaz., 13, 66, 1866; M. Lemarchands, Compt. rend., 187, 601, 1928. 
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and nitric acid: 

HNO 3 • • 3 15 6-31 12-61 31*52 grins. 

BaS 04 . , ()-0()7() 0-0107 0-0170 0-0241 grm. 

Calvert noticed that precipitated barium sulphate is “less soluble in hydro- 
chloric than in nitric acid,” but in either case the solubility is sufficient “to 
cause chemists to avoid use of an excess of these acids in delicate analyses.” 
Hence, if much free hydrochloric or nitric acid is present in the solution under 
investigation, it should be removed by evaporation.^ Dilute sulphuric acid 
lowers the solubility, but barium sulphate is fairly soluble in the concentrated 
acid. Thus, 100 parts of sulphuric acid, sp. gr. 1*81, dissolve 0*66 part of 
barium sulphate, and 100 parts of anhydrous sulphuric acid dissolve 15-50 
parts .2 Again, 100 c.c. of 40 per cent, hydrobromic acid dissolve 0-04 grm. 
of barium sulphate; and the same amount of 40 per cent, hydriodic acid, 
0*0016 grm.^ Hydrogen peroxide ^ and free chlorine ^ also increase the 
solubility of barium sulphate. 

Alkali chlorides, barium nitrate and potassium chlorate do not apj)reci- 
ably affect the solubility of barium sulphate; but alkali and ammonium 
nitrates,® phosjffiates and salts of the organic acids, have a marked effect on 
the solubility.’ 

Some substances inhibit the precipitation of barium sulphate. Thus, 
chromium salts® may entirely prevent the precipitate forming; ferric salts® 
behave in an analogous way, but much more feebly; tartaric and racemic 
acids restrain precipitation slightly and alkali citrates very markedly.^® 
Under special conditions nitric, metaphosphoric and metaboric acids 


^ R. Fresenius, Zeit. anal. Chem., 9 , 52, 1870; T. W. Richards and H. G. Parker, Zeil, 
anorg. Chem.^ 8 , 420, 1895. 

* H. Struve, Zeit. anal. Chern., 9 , 34, 1870; C. C. Sclleck, Pogg. Ann., 133 , 137, 1868; 
J. Nickids, Amer. Journ. Sri., (2), 39 , 90, 1865; Lies Bodari and E. *1ac(|uemin, Compt. 
rend., 46 , 1206, 1858; E. Varenne and M. Paiileau, ih., 93 , 1016, 1881; T. Garside, Chem. 
News, 31 , 245, 1875; O. Aschan, Chem. Ztg., 37 , 1117, 1913; F. Bergius, Zeit. phys. Chem., 
72 , 338, 1910; P. P. von Weimarii, ib., 76 , 218, 1911; Z. Karaoglanow, Zeit. anal. Clte.m., 
56 , 225, 1917; N. R. Trenner and H. A. Taylor. Journ. Phys. Chem., 35 , i;i36, 19,31. 

® A. R. Haslam, Chem. News, 53 , 87, 1886. 

^ A. Gawalovski, Zeit. Oester. A path. Ver., 44 , 258, HKK). 

* O. L. Erdmann, Journ. prakt. Chem.^ ( 1 ), 75 , 214, 1858. 

* M. Mittentzwey, Journ. prakt. Chem.,{l), 75 , 214, 1858; R. Fre.seaius, Zeit. anal. Chem., 
9 , 62, 1870; J. J. Berzelius, Ann. Chirn. Phys., 14 , 374, 1820. 

^ For the influence of various salts on the solubility of barium sulphate, also Z. Kara- 
oglanow, Zeit. anal. Chem., 56 , 225, 417, 1917; 57 , 77, 1918; 106 , 129, 1936; Zeit. physikal. 
Chem., AiyS, 143, 1937; E. W. Neuman, Journ. Amer. Chem. Soc., 55 , 879, 1933. Kara- 
oglanow concludes that, in general, the solubility of barium sulphate in electrolytes depends 
upon the ions present. Barium and sulphate ions lower the solubility; calcium and chloride 
ions are neutral, while hydrogen, sodium, potassium, strontium, divalent lead, ferric iron 
and nitrate ions all increase the solubility, 

* A. Reooura, Ann. Chim. Phys., (7), 4 , 494, 1895; W. R. Whitney, Zeit. phys. Chem., 
20 , 40, 1896; Z. Karaoglanow, Zeit. anal. Chem., 56 , 417, 1917; L. W. Winkler, Zeit. angeiv, 
Chem., 33 , 287, 1920; M. N. Pavlov, Ukraine Chem. Journ., 2 , 353, 1926. 

® R. EVesenius, Zeit. anal. Chem., 19 , 53, 1880; Z. Karaoglanow, ib., 56 , 417, 1917; 
G. Lunge, ib., 19 , 419, 1880; T. S. Gladding, Journ. Amer. Chem. 8 oc., 16 , 398, 1894; W. 
Ostwald, Zeit. phys. Chem., 29 , 340, 1899. 

J. Spiller, Journ. Chem. Soc., 10 , 110, 1858; Chem. News, 8 , 280, 1863; 19 , 166, 1869. 

E. Schone, Pogg. Ann., 112 , 214, 1861. 

T. Scheerer, Journ. prakt. Chem., ( 1 ), 75 , 113, 1858. A. Weisler {Zeit. anorg. Ckem., 
28 f 198, 1901) said he had no difficulty in analysing barium metaphosphate, whereas Graham 
stated that the acid prevents the precipitation. According to D. W. Horn (Amer. Chem, 
Journ., 27 , 495, 1902), the reference to Graham is wrong, for T. Graham (Phil. Tram., X 23 , 
253, 1833; Pogg. Arm., 32 , 69, 1834) obtained precipitates which were too heavy. The 
statement, usually found in text-hooks, which Weisler attributed to Orahan^ is based on 
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interfere sirailarly. It is possible that soluble double salts or complexes are 
formed in some cases. It is generally considered advisable to avoid, whenever 
possible, precipitating barium sulphate in the presence of free mineral acids, 
alkali and ammonium nitrates. 

The solubility of the precipitate is increased by the presence of thorium, 
ferric and aluminium salts, but not so much by magnesium salts. Thus, 


Grams per litre 

1 

2-5 

5 

10 

25 

50 

100 



Grams of barium sulphate dissolved per 1(X) o.c. 


Ferric chloride 

. 0 0058 

00072 

0-0115 

00123 

()()150 

00160 

0-0170 

Aluminium chloride 

. 0-0033 

0 0043 

0-0060 

00094 

0-0116 

00170 

0-0175 

Magnesium chloride 

. 0-0030 

0(K)30 

0-CK)33 

0-(K)33 

0-(K)50 

0 0050 

0-0050 


The presence of copper nitrate, too, gives low results owing to the solubility 
of barium sulphate in an aqueous solution of copper nitrate. Hence, adds 
Phillips,^ the nitric acid should ])e replaced by hydrochloric acid by converting 
the copper nitrate to chloride. The same ditfi(;ulty does not then occur. 

3. The Reduction of the Sulphate to Sulphide,— When ])arium sulphate is 
ignited in the presem'e of lilter-paper or organic matter, ‘'an appreciable 
amount of barium sulj)hate may be reduced to sulphide and the amount so 
reduced may be twdce as great in a covered crucible as w'hen ignited in an 
open crucible.” The jnecipitate should be nmistened wdth sulphuric acid, 
followed by evaporation to dryness, and again ignited in order to transform 
the sulphide back to sul])hate.^ According to Richards,® if the crucible be 
kept at such a temy)erature that the paper chars before bursting into flame, 
no considerable reduction occurs then, or in the subsequent burning-out of 
the charred paper. If a Gooch crucible be used. Ripper^ says that the results 
are inaccurate, because the adhesion of the barium sulphate to the asbestos 
prevents the proper washing of the precipitate. This statement is opposed 
to the work of Mar and Phinney, w^ho recommend the use of Gooch’s crucible. 
With care, and the use of a good thick pad of asbestos, the Gooch crucible 
does not give results less accurate than filter-paper. 

4. Losses hy Volatilisation^ — ^arixim sulphate is not appreciably decom- 
posed at temy)eratures likely to be obtained during the ignition over a Bunsen 


the experiments of T. Seheerer {Journ. prakt. Chnn., ( 1 ), 75 , 113, 1858; confirmed by J. Spiller, 
Chem, News, 10 , 219, 1864), which showed the difficulty of satisfactorily precipitating barium 
sulphate in the presence of metaphosphoric acid. In explanation, it is possible that Weisler 
converted the meta- into the ortho-acid before precipitation —Spiller (Z.c.) found that ortho- 
phosphoric acid has no solvent influence. R. Maddrell ( Ann., 61 , 53, 1847) mentions 
no difficulty in analysing barium dimetaphosphate by heating it with sulphuric acid, while 
H. Lfidert {Zeit. anorg. Ckem., 5 , 33, 1894) obtained rather unsatisfactory results with the 
hexametaphosphates. T. Fleitmann {Fogg. Attn., 78 , 361, 1849) avoided the difficulty in 
analysing barium metaborates by digesting the finely ground salt with sodium carbonaf>e. 

** D. W. Honi, Barium Sulphate in Qravimeiric Analysis, Baltimore, 52, 1900; Amtr. 
Chem. Journ,, 27 , 495, 1902. 


^ H. J. Phillips, Chem. News, 62 , 239, 181K). For thorium, see E. White, Thorium and its 
Compounds, London, 26, 1912; F. R. Balcar and G. Stegeman, Journ. Phys. Chem., 32 , 
1411, 1928. 

* C. W. Marsh, Journ. Anal. App. Chem., 3 , 164, 1889; Chem. News, 59 , 309, 1889; S. F. 
Acree, Journ. Biol. Chem., 2 , 135, 1906; H. Pellet, Ann. Ghim. anal., 12 , 186, 318, 1907; 
P, Truchot, t 6 ., 12 , 267, 1907; Z. Karaoglanow, Zeit. anal. Chem., 56 , 225, 1917; I. M. 
Kolthofi and E. H. Vogelenzang, Pharm. Weekb., 56 , 122, 1919; H. Koelsch, Chem. Ztg., 
43 , 117, 1919. 

* T. W. Richards and H. G. Parker, Zeit. anorg. Chem., 8 , 417, 1895. 

* M. Ripper, Zeit. anorg. Chem., 2 , 36, 1892; F. W. Mar, Chem. News, 63 , 256, 1891 ; Amer. 
J. Science, (3), 43 , 626, 1890; J. J. Phinney, ib., (3), 45 , 468, 1891. 
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burner. Doeltz and Mostowitsch^ found that a sample of pure barium 
sulphate lost 9 per cent, in weight when heated between 10 and 20 minutes 
in a platinum crucible at 1580°. This temperature is, however, much higher 
than ivS obtained in ordinary ignition, and if barium sulphate should be so 
decomposed, the original amount of barium sulphate can be restored by 
moistening with sulphuric acid and recalcination for a short time. If, however, 
mu(*h vsilica be present, appreciable decomposition may occur at much lower 
temperatures. Allen and Johnston ^ say that, if the barium sulphate be 
precipitated from solutions containing alkali sulphates, it “always occludes a 
certain amount of ‘free’ sulphuric acid w'hich is taken up as acid sulphate 
of the alkali metal.” Alkali chlorides increase the amount of this impurity, 
and it is greater wdth solutions containing potassium than sodium sulphate. 
The “free” sulphuric acid * is lost by volatilisation during ignition, wdiereas 
under ideal conditions all the sulphuric acid should have been converted into 
barium sulphate (in the determination of sulphur). If ammonium salts are 
present, some ammonium sulphate is precipitated with the barium sulphate; 
and since all but a trace of the occluded ammonium sulphate is driven off 
during ignition, the total loss by volatilisation is the resultant of these two 
effects. For instance, by adding ammonium chloride to 350 c.c. of a solution 
containing 20 per cent, of hydrochloric acid and the equivalent of 2 grins, of 
barium sulphate, the following results were obtained; 

Table LXVl. - Volatili nation Losses during Ignition of Barium Sulphate, 


Loss in grms. 


Ammonium 




chloride. 

Due to 

Due to '‘free“ 


j 



ammonium 

sulphate. 

sulphuric 

acid. 

Total. 

grm. 




0 


. , 

0-0112 

0 



0-0111 

5 

0()244 

0-0039 

0 0283 

5 

0-0244 

0-0055 

0-0299 

10 

0-0259 

0-0113 

0-0.372 

10 ' 

1 

0-0259 

0-0096 

0-0355 


Hence, ammonium salts and a large excess of free acid should be avoided in 
solutions where the sulphur is to be determined. 

5. Sulphur in the Glass of Beakers and Flasks , — According to Bunge,* 
baryta water and lime water can act on glass and a thin layer of corresponding 
sulphate is often deposited on glass in which such solutions have been used. 


^ F. (). BocJtz and W. Mostowitsch, Zeit, anorg, Chem,, 54, 146, 1907; W. Mostowitsch, 
Metallurgies 6, 450, 1909; W. 8chatz, ib,, 8 , 228, 1910; J. Boussingault, Compt, reitd,^ 64, 
1159, 1867; Zeit, anal, Chem,^ 7> 244, 1868; Z. Karaoglanow, 16., 56, 225, 1917; R. Bunsen, 
Liebig's Ann., ill, 262, 1859; 8. Popov and E. W. Neuman, /nd. Eng. Chem, Anal. Ed,, 
2, 45, 1930; E. G. Mahin and B. Kilian, Proc. Indiana Acad. Sci., 36, 155, 1929; C. W. 
Marsh, Journ. Anal. App. Chem,, 3, 164, 1889. 

* E. T. Allen and J. Johnston, Jrmm, Amer, Chem, Soc., 32, 588, 1910; Joum, Ind. Eng, ’ 
Chem., 2, 196, 1910. 

^ It arises from the free acid in the original solution, and increases with it up to a certain > 
point. 

* 0. Bunge, Zeit, anal, Chem,, 52, 15, 1913, 
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Glass made from Glauber’s salt (sodium sulphate) usually contains sulphates. 
Hence there is the possibility of a slight error by the solvent action of reagents 
on the glass vessels used in the analysis. 

§ 336. The Determination of Sulphates in Clays and 
Insoluble Silicates. 

The F union . — It is first necessary to get the silicate into solution. X gram 
of the dry material ^ is fused in a platinum crucible with five to six times its 
weight of sodium carbonate. If iron pyrites be present, about 0*25 grm. of 
sodium nitrite ^ should also be intimately mixed with the contents of the 
crucible. The mixture is heated very slowly 
as described for the potassium pyrosulphate 
fusion (page 166). 

Preventimj Contamination ivith Sulphur 
from Flame Gases . — In order to protect the 
contents of the crucible from sulphur com- 
pounds derived from the flame gases, Hille- 
brand ^ fits the crucible into a hole in an 
asbestos board; and Gumming, into a 
vitreous silica ])late. The hole should be 
large enough to expose from one-half to 
two- thirds of the crucible to the flame. 

The asbestos will not stand the temperature 
many times, but its life may be prolonged 
by ])lacing over a larger hole a disc of stout 
platinum foil with a hole for the crucible in 
the centre. The board should be inclined 
at an angle, as illustrated in fig. 144, so as 
to deflect the products of combustion up- 
wards and prevent their contact with the 
mouth of the crucible.^ 

One of the many forms of blast lamp on the market burning methylated 
spirit may be used with advantage for the fusion. There is then no need to 
protect the crucible as just described. Barthel’s lamps ^ are quite satisfactory. 

* If sulphur, chlorine and fluorine are to be determined, take 2 grms. 

* Both nitrite and carbonate, and indeed all the reagents, should be tested to ensure the 
absence of sulphur compounds. (See footnote 6, page 706.) 

8 W. F. Hillebrand, Bull. U.S. Qeol. Sur., 176, 196, 1900; A. C. Gumming, Proc. Boy. 
Soc. Edm., 32, 17, 1912. The hole in the silica plate can be bored on a lathe with a copper 
tube fed with carborundum. 

* Contamination with Sulphuk during Ignition over Gas Flames. — See D. S. Price, 
Joum. Chem. Soc.^ 17, 51, 1864; Zeit. anal. Chem., 3, 483, 1864; A. levins, 16., 102, 412, 
1935; G. L. Ulex, Zeit, Oesamnit. Naturwiss.^ 36, 492, 1870; Zeit. anal. Chem.y 10, 246, 1871 ; 
J. W. Gunning, ih„ 7, 480, 1868; U. Collan, ih., 32, 213, 1893; L. von Szathmary, id., 45, 
6(K), 1906; R. Fresenius, id., 16, 339, 1877; A. Wagner, id., 20, 323, 1881; A. Lieben, id., 
32, 214, 1893; Mon. Set., (4), 6, 683, 1892; MonaU., 13, 286, 1892; A. Vogel, Ber., 2, 741, 
1869; E. PHwoznik, id., 2$, 2200, 2676, 1892; G. Lunge, Jmrn. prakt. Chem., (2), 40, 239, 
1889; J. van Leeuwen, Bee. Trav. Pays-Bas, ii, 103, 1892; J. W. Gunning, Chem. News, 
17, 161, 1868; R. Woy, Zeit. offent, Chem., 8, 389, 1902. 

Contamination with Sulphur during Evaporation over Gas Flames. — See O. Binder, 
Chem. Ztg., x6, 264, 1892; E. von Meyer, Joum. prakt. Chem., (2), 42, 267, 1892. On 
evaporating 2 litres of distilled water down to 50 c.o. in 6 hours on a water bath, Meyer 
found the water contaminated with sulphur equivalent to 0*0426 grm. of barium sulphate. 

» G. Barthel, Chem, Ztg,, 14, 1443, 1890; 16, 1106, 1892; Zeit. anal. Chem., 30, 596. 
1891; 31, 67, 1892; Ber,, 2 $, 2646, 1892. Directions for use are supplied with the burner, 
wliich uses the principle of Bunsen's flame. 



Fig. 144. — Fusion for Sulphur. 
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Fig. J45 illustrates one in use. These lamps may be obtained equivalent to 
one, two or four Bunsen burners. Electric crucible furnaces can also be 
used. 

The Leaching of the Fused Cake , — When the fusion is completed and the 
crucible has cooled, the cake must be removed as described on page 144. The 
cake is digested in a porcelain basin with the washings from the crucible until 



Fio. 145. — Spirit Burner for iSulphur Fusions. 

it is completely disintegrated. Filter through a small filter-paper, say 9 ctn., 
and wash with a dilute solution of sodiuni carbonate. If chromium be 
present, the solution will be yellowish. The filtrate contains the alkali 
sulphates, chlorides and silicates; and the sodium salts of chromic, vanadic, 
phosphoric, arsenic, molybdic and tungstic acids (if present). Barium 
carbonate, sodium zirconate and thoria, if present, remain undissolved on 
the filter-paper.^ The filtrate is treated with barium chloride as described 
below. 


* For the subsequent treatment of the residue, see page 582. There is reason to suppose 
that a little sulphur sometimes remains behind with the residue — e.flr., with thoria — because 
in test experiments less sulphur is found than is known to be present — E. White, Thorium 
and Its Compounds, London, 26, 1912. 
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§ 337* "The Determination of Sulphur as Barium Sulphate. 

A drop of methyl orange is added to an aliquot portion (150-250 c.c.) of 
the solution,^ contained in a 500 c.c. beaker covered with a clock glass to 
prevent loss by spurting on neutralisation. Concentrated hydrochloric acid 
is now added, drop by drop, from a pipette, inserted through the lip of the 
beaker, until the solution is just acidic. An excess of hydrochloric acid is 
next added to the extent of 1 c.c. per 100 c.c. of solution,^ Boil to expel 
carbon dioxide. Wash down the sides of the beaker and also the cover. 
Heat the dilute ® solution to boiling and add, gradually,^ say, 15 or 25 c.c. of 
a hot aqueous solution of barium chloride,^ tritk constant stirring,^ but avoid a 
great excess.'^ Boil for a few minutes.® If a drop of the supernatant liquid 

^ If chlorine is to be determined, make the solution up to, say, 200 c.c., and set 100 c.c. 
asitlo for the chlorine determination (page 746). The volume of the solution should be such 
that not more than about 0*2 grm. of barium sulphate is precipitated from 100 c.c. of mother 
liquid. H. Bunsen (Zeit, anal. Chew., lo, 396, 1871) recommends a dilution such that 100 
c.c. gives about 0*1 grm. of barium sulphate. 

® K. 1\ Chatterjee {Zeit. anorg. Chem., 121, 128, 1922) says that the concentration of 
hydrochloric acid should not exceed 0*1 pt^r cent, by volume. 8ee also H. II. Jensen, Aymlyftty 
53, 136, 1928. 

* According to H. Rose {Uandbttc.h der analyiischen Chemie, Braunschweig, i, 489, 
1851) the pre(;ipitate is liable to run through the filter-paper if formed in concentrated 
solutions, and T. W. Hichanls and H. G. Barker {Zeit. anorg. Ohem., 8, 421, 1895) consider 
that the more dilute the solution the loss the barium chloride is adsorbed by the precipitate. 
On the other hand, V. Njegovan and V. Marjanovic {Ztnf. anal. Cheni.y 73, 271, 1928; 93, 
353, 1933) say that by precipitating corutentrat ed sulphate solutions with concentrated 
barium chloride, followed by dilution and heating for some time, a coars<Jy granular pre- 
cipitate is formed which does not adsorb other salts from solution. 

^ Added from a burette or pifH?tte with a capillary tip, so that about 4 minutes is needed 
for running in 20 c.c. — Z. Karaoglanow, Zeit. anal. Chem.y 57, 77, 1918; A. G. Murray, 
Journ. Amer. Plmrm. Assoc. y 13, 424, 1924. 

Barttm Chloride Solution. — Dissolve 122 grins, of barium chloride (BaCi2.2H20) 
in KKK) c.c. of water (K). Here 1 c.c. eoiTc.spond8 with 0*104 grm. of BaClg. Note that 
commercial barium <!hloridc sometimes contains sulphur compounds derived from the heavy 
spar used in making the chloride. The heavy spar is reduced to sulphide and some soluble 
iinoxidised sulphur compound may be retained by the crystals of the chloride — .1. l^attinsoii 
and J. T. Dunn, Journ. Soc. Chem. Ind., 24, 10, 1905. Note also that rubber stoppers 
sometimes contaminate solutions with sulphur compounds derived from the vulcanising agent 
— antimony sulphide. It may also be added that barium chloride prepared as a by-product 
in the manufacture of hydrogen peroxide may contain an impurity which reduces potassium 
permanganate — L. Blum, Zeit. anal. Chem.y 29, 139, 1890. 

* This point is of very great importance, particularly when much sulphate is to be 
precipitated. The object is to prevent, as far as possible, the mechanical inclusion of barium 
chloride with the precipitate. 

^ If a great excess of barium chloride is present, the precipitation is incomplete 
(Z. Karaoglanow, Zeit. anal. Chem.y 56, 417, 1917). According to J. J. Berztdius {Lehrhuch 
der ChemWy Dresden, 2, ii, 596, 1826), when solutions containing equivalent amounts of 
barium chloride and potassium sulphate are mixed, 2*25 per cent, of the barium remains 
in solution; and according to L. Joulin {Ann. Chim. Phys.y (4), 30, 274, 1873), when 1/5000N- 
Bodium sulphate and barium chloride solutions are mixed, l/27th of the salts remain un- 
docomposed after 24 hours — precipitation is complete in about 4 days. H. Rose {Hand- 
buch der analyiischen ChemiCy Leipzig, 2, 454, 1851) says that a certain excess of barium 
chloride hastens complete precipitation, and T. W. Richards and H. G. Parker (Zeit. anorg. 
Chem.y 8, 421, 1895) conclude that an excess of the barium salt diminishes the solubility 
of the precipitate while not increasing the amount of adsorbed barium chloride. 

* When the precipitation oisours at the boiling temperature — both solutions^ hot — the 
precipitate is more granular, settles more quickly, filters letter and washes eaaier than if the 
solutions be cold (page 85). H. Rose (Handhuch der analyiischen ChemiCy Leipzig> 2, 455, 
1851) says that the precipitate formed in hot solutions is purer than in cooler solutions, 
and N. A. Menshutkm (Analytical Chemistry , London, 309, 1895) says that the precipitate 
is amorphous and runs through the filter-paper if formed in cold solution. Conversely, 
F, G, Germuth (Amer. Journ. Pharm., 99, 271, 1927) advocates precipitation in the cold* 
both for concentrated and dilute solutions. 
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on a watch-glass gives a turbidity with a drop of barium chloride, add sufficient 
barium chloride, slowly, drop by drop, with constant stirring, to precipitate 
all the sulphate in solution.^ If no turbidity occurs, let the solution stand 
2 hours in a warm place, or, say, overnight.^ Carefully decant the clear 
liquid through a (say, 7‘5 cm.) filter-paper and wash four times by decantation 
with hot water,® containing 1 cubic centimetre of hydrochloric acid per litre.* 
Transfer the precipitate to the filter-paper and wash with hot water until 
a drop of the washings gives no turbidity with silver nitrate. The washing 
of the barium sulphate requires great care, because other salts are precipitated 
from the solution along w’ith the barium sulphate. Ignite the wet precipitate 
in a platinum crucible. The paper is folded loosely over the precipitate to 
prevent spattering. The paper should be charred very gradually and the 
final temperature should not exceed dull redness. The crucible is then cooled 
and w^eighed. Plvaporate with a few drops of hydrofluoric acid and a drop of 
sulphuric acid to expel any silica present.® Re-ignite in an incliiuHl, uncovered 
crucible over the Bunsen flame® and again weigh. Any sul})hide8 formed 
through the reducing action of the carbon of the filter-pai)er are soon re- 
oxidised and there is usually no need to add a drop of nitric acid and of 
sulphuric acid. If the washing has been properly done, the ignited barium 
sulphate will be a granular white powder; if otherwise, the powder may 
sinter to a more or less hard cake. The weight of the barium sul[)hate, 
multiplied by 0‘13735, gives the corresponding amount of sulphur; the weight 
of the barium sulphate, multiplied by 0*34299, gives the corresponding amount 
of 8O3; and multiplied by 0*58324, the corresponding amount of calcium 
sulphate. 

To illustrate the results which can be expected by this process, the following 
numbers represent the amounts of barium sulphate obtained in eight deter- 
minations with one-gram samples of the same clay: 

0*0191; 0*0203; 0*0201; 0*0195; 0*0190; 0*0193; 0*0195; 0*0196 grm. 

The mean is 0*0196; the maximum deviation, ±0*0007 grm.— that is, 
± 0*07 per cent, on the total clay. 

§ 338. The Determination of Sulphur in Pyrites, 

Limestones and Coals. 

The sulphur question is of importance in certain branches of the clay 
industries, not only on account of the defects produced in glazes by fuels with 
abnormal amounts of sulphur, but because the manufacture of some modern steels 


^ J. .Johnston and L. H, Adams {Journ. Amer, Chem. Sor.f 33, 829, 1911} recommend 
evaporation of the whole to dryness on a steam bath immediately after the precipitation. 
Extract the mass with hot water; Alter through paper; w*ash until the washings are free 
from chlorides ; ignite very carefully over a Bunsen burner to avoid reduction. The weight 
of the precipitate is corrected by dissolving an equivalent amount of pure potassium or 
sodium sulphate in a medium resembling the solution under analysis and determining the 
sulphate as just indicated. The difference between the calculated and found results is 
used as a correction factor for the weight of the precipitate obtained in the actual analysis. 
In that case it is supposed that results can be obtained within ± 0*06 per cent, of the total 
sulphur actually present in the solution. 

* If a small amount of sulphur be present, the precipitate forms very slowly, 

^ collecting the washings, to prevent having to re-filter 

all the liquid should the washings begin to run through turbid. 

^ It is well to test the runnings with a drop or two of sulphuric acid to make sure the 
barium chloride was in excess. 

* If no silica is likely to be present, the ignition is conducted in a porcelain crucible. 

® Not the blast, or SO, may be lost. See “ 4,” page 699. 
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is influenced by the sulphur in the bricks, derived (1) by absorption from the 
fuel gases and (2) from the sulphates or pyrites in the clays themselves. The 
methods for the quantitative determination of sulphur in coal, clays and 
silicates may conveniently be grouped under four headings.^ The selection 
of the process for any particular problem is to be decided by the number of 
determinations to be made, the object of the determinations and the nature 
of the samples under investigation. 

The occlusion of iron by the precipitated barium sulphate was known to 
Berzelius, 2 who expressed the opinion (vide p. 69()) that it is necessary to begin 
by removing the iron. Suggestions have been made to avoid the difficulty 
hy*™ (i) Separating the iron and sulphur by fusion with some oxidising flux. 
Fresenius ® fused pyrites with a mixture of ])otassium nitrate and alkali 
carbonates, extracted the cold mass with cold water, removed the nitric 
acid from the solution by evaj)orating wdth hydrochloric acid and then pre* 
cipitated the sulphate. The method has been repeatedly tested and has 
come to be regarded as a criterioiiv by which the accuracy of other methods 
can be judged.** It is considered, however, to be tedious and troublesome. 
The oxidising flux attacks the platinum crucible and the dissolved platinum 
may interfere with the iron determination,^* and there is a danger of con- 
tamination from the sulphur in the coal gas wlien the fusion is done over a 
gas flame (page 701). (ii) Be])arating the iron as hydroxide, by means of 
aqueous ammonia, from the solution in which the sulphuric acid is to be 
determined — see Lunge’s ])rocess, page 710. (iii) Reducing the iron in solution 
to the ferrous state before precipitating the barium sulphate.® The idea is 
that the ferrous iron will not be carried down by the precipitating barium 
sulphate. The concensus of opinion is that the reduction is ineffective and 
that additional complications arise from the presence of excess of the reducing 
agent — zinc, aluminium, magnesium or sodium amalgam, (iv) Retaining 
the iron in solution by the addition of organic acids before precipitation. 
This scheme was proposed by Jamiasch and Richards,’^ and they tried formic, 
acetic and citric acids, but no particular success was obtained. 

I. Dry Fusion ivith Alkalies followed by Treatmenl with Oxidisiny Agents. 

Eschka\s Method for Coal and Coke. — This process ® depends upon the 
oxidation of the sulphur of the fuel by the oxygen of the air in the presence of 

^ L. Carapredon, Domge du Soufre dans tea Prmluils dc la Sidvrugic, Paris, 180(5; H. 0. 
Moore, Journ. Ind>. Eivg. Chem,^ 7 , 634, 1015. 

* J. J. l^erzclius, Ann, Chim. Phys.^ (2), 14 , 376, 1820; D. W. Horn, Avier. Chem. Journ. ^ 
27 , 500, 1902. 

* R. Fresenius, Zeit. anal. Chem., 16 , 339, 1877; 19 , 53, 1880. 

* G. Lunge, Zeit. anal. Chem,, 19 , 419, 1880; P. Jannasch and T. W. Richards, Journ. 
prakt. Chem,, ( 2 ), 39 , 333, 1889; G. Lunge (with Obregia), ib., ( 2 ), 40 , 241, 1889; Zeit. 
angew. Chem., 2 , 476, 1889; T. S. Gladding, Journ. Amer. Chem. Soc., 16 , 401, 1894; Chem. 
News, 70 , 182, 1894; G. Lunge and E. Misslin, Zeit. anorg. Chem., 21 , 198, 1899. 

* P. Jannasch and T. W. Richards, Journ. prakt. Chem.., ( 2 ), 39 , 334, 1889. 

® P. Jannasch and T. W. Richards, Journ. prakt. Chem., (2), 39 , 322, 1889; F. W. Kuster 
and A. Thiel, Zeit. anorg. Chem., 22 , 424, 1900; O. N. Heidenreich, ib., 20 , 233, 1899; G. Lunge 
and J. Bebie, ib., 21 , 200, 1900; C. Meineke, Zeit. anal. Chem., 38 , 209, 351, 1899; W. S. 
Allen and H, B. Bishop, Eighth Inter. Cong. App. Chem., 8 , i, 33, 1912; H. C. Moore, 
Journ. Jnd. Eng. Chem., 8 , 26, 1916. 

’ P. Jannasch and T. W. Richards, Journ. prakt. Chem., (2), 39 , 325, 1889; T. S. Gladding, 
Journ. Amer. Chem. 80c., 16 , 339, 1894. F. W. Kiister and A. Thiel (Zeit. anorg. Chem., 
19 , 101, 1899) tried oxalic and tartaric acids with fair success. 

® A. Esohka, Oe^sier. Zeit. Berg. HuU., 22 , 111, 1874; Zeit. anal. Chem,, 13 , 344, 1874; 
L. Blum, ib., 27 , 446, 1888 ; 0. Herting, Chem, ZVg., 23 , 768, 1899; G. L. Heath, Journ. Amer. 
Chem. 80 c., aO) 630, 1898; 21 , 1127, 1899; S. S. Sadtler, ib., 27 , 1188, 1905; F. U. R, Steh- 

45 
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magnesia ^ and sodium carbonate ^ and on the transformation of the products 
of the oxidation into sulphates. Bromine water is now generally used for the 
oxidation. The sulphates are then precipitated by barium chloride in the 
usual way. The results are good and the process is in common use. Details 
of the operation are as follows: 

One gram ^ of the powdered^ sample is intimately mixed in a 30 c.c. 
platinum ® crucible with 3 grins, of Eschka's mixture,® and about 2 grins, 
more of this mixture is spread as a layer over the contents of tlie crucible to 
form a kind of cover. The open crucible is placed slant-wise on a triangle and 
heated with a sulphur-free dame — jiage 702. The mixture must be heated 
very gradually to drive off* the volatile matter without risk of losing sulphur. 
A small escape of sulphur dioxide can be detected by its smell. The heating 
should never be such as to blacken the covering layer of Eschka's mixture. In 
about half an hour the lower half of the crucible should be red-hot and the 
temperature is then raised until the whole crucible is red-hot. It is an advantage 
to stir the mixture occasionally with a stout })latinum wire. When all the black 
particles liave been burnt -a condition recognised by the grey colour of the 
mixture in the crucible changing to a yellow or yellowish-brown colour the 
crucible and contents are allowed to cool. 

Transfer the more or less ])ulverulent mixture to a 200 c.c. beaker and 
digest it for about 30 minutes with 75 c.c. of hot water. Filter the clear 
liquid into a 300 c.c. beaker and wash the residue twice by decantation; 
then transfer it to the filter-paper and wash it with water until the beaker 
contains about 200 c.c. of liquid. Add a slight excess of bromine water, 
about 4 c.(!., and enough hydrochloric acid to make the solution slightly acid. 
Boil and precipitate the sulphates with barium chloride as described on 
page 703,’ 


mann, «6., 24, 644, 1902; A. C. Langmuir, i6., 22, 99, 1900; C. W. Stoddart, ib., 24, 852, 
1902; A. A. Blair, Journ. Ind. Eng. Chcm., i, 689, 1909; F. M. Stanton and A. C. Fieidner, 
Tech. Paper U.S. Bur. Mmes, 8, 7, 1912; I. C. Allen and 1. W. Robertson, 16., 26, 3, 1912. 

^ W. 0. Ebaiigh and 0. B. Sprague {Journ. Amer. Chem. Soc.^ 29, 1475, 1907 ; Cheni. News^ 
96, 240, 1907; L, Sznajder, Chem. Zig., 37, 1107, 1913) use zinc oxide in place of magnesia; 
T. St Warunis {Zeit. anal. Chem., 50, 27(3, 1911; Ber., 45, 869, 1912), copper oxide; S. D. 
Hayes {Amer. Chemist, 5, 271, 1875), lime and soda; ( 3 . Fahlberg and M. W. lies {Ber., ii, 
1187, 1878), caustic potash (and bromine water); J. Clark {Journ. Soc.. Chem. Ind., 4, 329, 
1885), soda and magnesia. W. F. K, Stock {Chem. News, 30, 211, 1874), and F. C. Garrett 
and E. L. Lomax {Jourfi. Soc. Chem. Ind., 24, 1212, 1905), prefer calcium oxide to magnesia, 
because it is more easily obtained free from sulphur. 

2 F. Hundeshagen {Chem. Ztg., 16, 1070, 1892; Chem. News, 66, 169, 1892) says that 
sodium carbonate is not so efficient as potassium carbonate in retaining sulphur. J, O. 
Handy {Journ. Anal. App. Chem., 6, 611, 1892) considers that Hundeshagen’s statement 
is of no significance in practice; and this agrees with the general opinion of those who use 
the process. 

® If 0*6867 grm. of the sample be taken, every 0*001 grm. of barium sulphate represents 
0*02 per cent, of sulphur. 

* Large grains do not burn readily. If the powder passes a 60’s lawn, it is generally 
satisfactory. 

^ A porcelain crucible can be used in place of a platinum crucible, but the combustion is 
then rather slower — particularly with coke. 

« Eschka’s Mixtube. — ^Two parts of light calcined magnesia are intimately mixed with 
one part of anhydrous sodium carbonate. Calcined magnesia of commerce often contains 
sulphate. If the amount is considerable, it can be removed by boiling with sodium carbonate. 
A correction can be made for the sulphur in the sodium carbonate and magnesia by means 
of a blank experiment. 

^ R. Fresenius (Zeit. atutl. Chem., 13, 346, 1874) remarks that the process gives the total 
sulphur. If calcium sulphate be present in the form of gypsum, the latter can be decomposed 
by first boiling the weighed sample with sodium carbonate, filtering and washing— F. 0. 
Calvert, Chem. News, 24, 76, 1871. 
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II. Dry Fusion with Alkalies and Oxidising Agents. 


In these processes the sample is fused with sodium carbonate and potassium 
nitrate, or sodium nitrate (page 701), or ammonium nitrate,^ and the residue 
taken up with water and evaporated with hydrochloric acid to expel the nitric 
acid before treatment with barium chloride. Fusion with sodium peroxide ^ 
offers many advantages; the chief disadvantage is the violence of the reaction 


with coal. To overcome this difficulty, Parr 
ignites the mixture in a closed bomb of about 30 
c.c. capacity, as described below. 

Parr's Process for Coal^ Coke and Sulphide 
Ores, — One gram of finely powdered potassium 
perchlorate ^ is weighed out and transferred to 
the fusion cup of the bomb and to it is added 
15 grms. of sodium peroxide.^ The cover is 
placed on the cup and the contents thoroughly 
mixed by shaking. Then 0*5 grm. of the coal is 
added and the mixture again well shaken. 

For anthracites, cokes and sulphide ores, 0*2 
grm. of pure benzoic acid is added to the mixture 
of potassium chlorate and sodium peroxide and 
incorporated with it before the addition of the 
weighed quantity of the sample. 

After ignition and cooling, the fusion cup is 
removed from the bomb and placed in a 300 c.c. 



beaker; 50 to 75 c.c. of water are added and the Yiq. 146. Parr’s Bomb. 


beaker covered with a clock glass. The mixture 

is heated until the charge has dissolved up, when the cup is removed and 
rinsed. The solution is just neutralised with hydrochloric acid (from 30 to 
34 c.c. of acid of sp. gr. 1*16 will be needed) and then 1 c.c. of acid in excess 
is added. 


In one j)attern of apparatus, the bomb, A, fig. 146, consists of a steel 
cylinder, 4 cms. internal depth, 3 cms. internal diameter, with walls 4 mm. 
thick, in which the fusion cup, H, rests. The bomb is closed by a cover plate. 


^ 8 . F. and H. E. i’eckhara, Journ. Soc.. Chem. Ind., 16 , 996, 1897; Journ. Amer. Chem. 
80 c., 21 , 772, 1899; W. Koch and F. W. Upson, ib., 31 , 1355, 1909; 11 . Schreiber, ib.^ 32 , 
977, 1910; A. C. Langmuir, i 6 ., 22 , 99, 1900; J. Lidow, Journ, Russ. Rhys, Chem, 80 c,, 31 , 
667, 1899; 8 . Aufrecht, Pharm, Zeit., 41 , 469, 1896; R. Dubois, Bull. Assoc, chim. 7ie/gr., 
IS, 225, 1901; J. D. van Leeuwen, Rec. Trav. chim., ii, 103, 1892; Z. Karaoglanow, 
Zeit. afial, Chem., 56 , 561, 1917; T. Gedeon, Magyar Chem. Fol., 37 , 71, 1931. 

* S. W. Parr, Journ. Amer. Chem. 80 c., 22 , 646, 1900; 30 , 764, 1908; C, Sundstrom, ib., 
25 , 184, 1903; J. D. Peiinock and D. A. Morton, ib., 25 , 1265, 1903; C. Glaser, ib., 20 , 130, 
1898; Chem. Ztg., 21 , 40, 1897; H. Koelsch, ib., 40 , 174, 1916; A. von Asboth, ib., 19 , 
2040, 1895; 8 . W. Parr, W. F. Wheeler and R. Berolzheimer, Journ. Ind. Eng. Chem., i, 
689, 1909; H. C. Moore, ib., 8 , 26, 1916; F. H. Franklin, ib., 5 , 839, 1913; F. von Konek, 
Zeit. angew. Chem., x 6 , 616, 1903; T, St Warunis, Chem. Ztg., 34 , 1285, 1910; E. Roe, 
Chemist- Analyst, 13 , 4, 1915; D. P. Liebenberg and 8 . Leith, Journ. 8 . African Chem. Inst., 
14 , 47, 1931; R. J. Rosser and F. N. Woodward, Journ. Chem. Soc., 2357, 1932; H. Schill- 
baoh {Zeit. angew. Chem., 16 , 1080, 1903. W. Melzer, Brennstoff Chemie, 7 , 313, 1926) uses 
barium peroxide. 

3 Potassium perchlorate has displaced the chlorate as an accelerator since, inter alia, 
the reaction with the perchlorate is not so violent — S. W. Parr, Ind. Eng, Chem. Anal. Ed., 
2 , 10. 1930. 

* If too little peroxide is used, the reaction is explosively violent; if too much, the com> 
bustion is incomplete. Imperfect mixing leads to explosive or incomplete combustion. 
The peroxide must be rapidly weighed and brushed from the watch-glass with a glass brush. 
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Cy carrying two insulated pole pieces, D, D, which pass freely through holes 
cut in the cover itself. The cover plate is clamped in ]>osition by screw E, 
which engages the flanges on the cover and the bomb. The charge is “fired’ 
by passing a current through a piece of iron fuse-wire, F, connectijig the 
lower ends of the pole pieces. 


Til. Oxidation by Heating the Substance in a Current of Air or Oxygen, 
under Ordinary or under Rediu^ed Pressure, 

Combustion Process for Pyrites in Clays . — The determination of sulphur 
combined as pyrites can be effected in several different ways. The combustion 
process is as follows: — A hard glass tube, A (fig. 147) — length 40 cm. — is 
drawn out and bent at right angles ^ as shown at B in the diagram. One 
end of the glass tube is connected with a wash-bottle, C,^ containing dilute 
potash solution (approximately 3N-KOH), and the other fitted with a pair of 



Fig. 147. — Determination of Sulphides. 

Volhard’s absorption tubes, ^ D and E, each containing about 50 c.c. of an 
aqueous solution of potash.^ 10-20 grins, of the finely powdered and dried 
(110'’) clay is spread in a thin layer on the bottom of a long porcelain boat, 
which, in turn, is placed in the combustion tube at A, The end E is connected 
with an aspirator and a current of air is drawn through the apparatus. The 
bubbles of gas should not pass through C more rapidly than admits of their 
being easily counted. The combustion tube is gradually heated to redness ^ 
in the vicinity of the boat containing the powder. Any deposit which forms 


1 Uniform bends can be made in glass tubing of wider bores by first packing the tube 
well with powdered graphite and closing the ends of the tube with rubber bungs. The 
packed tube is then heated and bent as usual. 

* S. Schiff, Chem, Ztg., 14 , 233, 1890, Almost any other form will do quite well. 

8 J. Volhard, Liebig's Ann., 176 , 282, 1875. The two shown in the diagram are modifica- 
tions by R. Fresenius {Zeit. anal. Chem., 14 , 333, 1875). M. Troilius’ (M. Troilius, Notes on 
the Chemistry of Iron, New York, 37, 1886) or E. P. Perman’s {Chem. News, 93 , 213, 1906), 
or any of the numerous other varieties of bulbs, can be used in place of Volhard’s. 

* Potash Solution: 16*8 grms. of potassium hydroxide freed from sulphates by alcohol 
are dissolved in water, 1 c.c. of bromine is added and the whole made up to 100 c.o. 

8 A Ramsay’s attachment for an ordinary Bunsen burner is convenient for this purpose. 
W. Ramsay, Chem, News, 49, 2, 1883. 
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in the tube in the vicinity of B should be driven forward by heating the tube 
with a spirit lamp, working the flame gradually from A to B. The sulphur 
dioxide formed is oxidised by the hypobrornite in the absorption vessels to 
sulphuric acid.^ At the end of the combustion — about 30 minutes — the 
absorption vessels are removed and the contents are washed into a beaker. 
Any* sulphates remaining in the bent section of the tube AB are removed by 
drawing water up and down it by suction. The solution and washings are 
conibined and hydrochloric acid added to neutralise the free potash and to 
decompose the potassium hypobrornite. The whole is boiled and, if necessary, 
concentrated by evaporation. A hot aqueous solution of barium chloride is 
added and the barium sulphate determined as usual (page 703). 

The clay is supposed to be free from calcium and magnesium carbonates; 
otherwise, calcium or magnesium sulphate may be formed, and the results 
will be correspondingly low. Water-soluble calcium and magnesium sulphates, 
however, may be determined before and after the combustion, and an allow- 
ance made for this disturbing reaction. 

In some cases, say ''volatile sulphur'* in fuels, the combustion tube is 
packed towards the middle with about 5 cm. of platinised quartz or asbestos, 
instead of with co})per oxide as in the combustion tube, page 640. The 
substance under investigation is placed in a boat on the opposite side of the 
platinised asbestos to the potash absorption bulbs. The tube is heated very 
gradually and a current of oxygen is passed through the system. The 
platinised asbestos ensures the oxidation of the sulphur dioxide and the 
[)otash solution absorbs the fumes of sulphuric anhydride.^ 

Combustion in the Bomb Calorimeter ,^ — The combustion of 0*7 to 1*0 grm. 
of the sample in a bomb containing 10 c.c. of water with oxygen under a 
])rcssure of 30 to 40 af.mospheres ^ is said to give results “more accurate and 
rapidly than all other methods.” The apparatus is rather expensive and 
hence is only used where a comparatively large number of determinations is 
made. There are several bomb calorimeters on the market and specific 
directions for manip\ilating the bomb are supplied with each instrument. 


^ Hydrogen peroxide is sometimes used in place of bromine, and the sulphuric acid may 
be determined by titrating the standard potash solution used in D and E before and after 
the combustion. The day is then supposed to be free from amraoniacal compounds, and 
the hydrogen |>eroxidc from sulphur compounds. M. Fleischer, Protocoil Sitz. Zentral- 
Moorkomm., 20, 50, 1886; M. Berthelot and G. Andre, Ann. Chim. Phys., (6), 25, 302, 1892; 
M. van Bemmelcn, Lands. Vers. SUii., 37, 284, 1890; P. Jannasch, Chem. Ztg., 14, 566, 1890; 
Zeit. anorg. Chem., 6, 303, 1894; Journ. prakt. Chem., (2), 40, 233, ISJK); (2), 41, 566, 1890; 
P. Jannasch, V. Wasowicz, K. Ashoff and T. Bicks, ib., (2), 45, 94, 1892; K. Zulkowsky, 
DinghPs Joum., 241, 52, 1881 ; L. P. Marchlewski, Zeit, angew. Chem.., 3, 567, 1890; A. Sauer 
Zeit. anal. Chem., 12, 32, 178, 1873; F. Muck, ib., 14, 16, 1875; W. Hemmler, ib., 33, 75, 
1894; O. Lindt, ib., 4, 370, I860; O. Pettersson and A. Smitt, ib., 32, 385, 1893; W. G. 
Mixter, Amer. J. Science, (3), 4, 90, 1871; M. Dittrich, Zeit. anorg. Chem., 83, 27, 1913; 
M. A. von Heis, Slaht. Eisen, 14, 963, 1894. 

* C. F. Mabery, Joum.. Amer. Chem. Soc., 16, 544, 1894; W. E. Barlow (with B. Tollens), 
ib., 26, 341, 1904; W. G. Mixter, Amer. Chem. Joum., 2, 396, 1880; G. Brugelmann, Zeit. 
anal. Chem., 15, 1, 1876; 16, 1, 1877; A. Sauer, ib., 12, 32, 1873; C. M. Warren, Proc. Amer. 
Acad., 6, 472, 1871; I. Bay, Compt. rend., 146, 333, 1908; O. Hammer, Zeit. angew. Chem., 
22 , 440, 1909; O. Brunck, ib., 18, 1560, 1905; M. Holliger, ib., 22 , 436, 1909; I. C. Allen and 
I. W. Rolxirtson, Tech. Paper U.S. Bur. Mine.s, 26 , 8, 1912. 

3 J. C. Allen, W. A. Jacobs and G. A. Burrell, Bull. U.S. Bur. Mine.s, 19, 8, 1911; I. C. 
Alien, Min. Seient. Press, 81, 569, 1900; R. Arnold, R. Anderson and I. C. Allen, Bull. 
U.S. Oeol. Sur., 398, 265, 1910; T. 0. Allen and I. W. Robertson, Tech. Paper U.S. Bur. 
Mine^, 26 , 10, 1912; O. A. Filliti, Bull. Soc. chim., (4), 21 , 338, 1899; N. W. Lord, Prof. 
Paper U.S, Oecl. Sur., 48, 174, 1906; D. Lohmann, Chem. Ztg., 35, 1119, 1911. 

^ If a lower pressure is used, there is a risk of inoomplete combustion of the sulphur. 
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The treatment of the residue in the bomb is similar to that indicated above 
when dealing with Parr’s process.^ 

IV, Wet Treatment with Oxidising Agents binder Ordinary or under 

High Pressures. 

The sample may be treated with various oxidising agents — aqua regia,^ 
potassium dichromate and fuming hydrochloric acid,® hydrogen peroxide,^ 
nitric acid and potassium nitrate ^ or nitric acid under pressure • These 
methods are usually less convenient than the dry fusion processes. 

Lunge's Wet Process for Pyrites. — Warm 0-5 grm. of the given pyrites with 
about 100 c.c. of a mixture of 3 vols. of nitric acid (sp. gr. 1*4) and 1 vol. of 
concentrated hydrochloric acid, with occasional stirring, taking care to avoid 
loss by spurting. If free sulphur should separate,® add cautiously a little 
potassium chlorate in order to oxidise the sulphur to sulphuric acid. Evaporate 
the solution to dryness on a water bath and repeat the evaporation with 5 c.c. 
of concentrated hydrochloric acid until nitrous fumes cease to be evolved. 
Add 1 c.c. concentrated hydrochloric acid to the residue and, in a few minutes, 
100 c.c. of hot water. Filter and wash with hot water.® Treat the combined 
filtrate and washings with a moderate excess of ammonia; heat the solution 
to 60° or 70° for 10 to 15 minutes. The solution should then smell strongly 
of ammonia. Filter and wash until the washings give no turbidity with 
barium chloride after standing for a few minutes.^® The combined filtrates 

^ If the bomb has a lead washer, the washings from the bomb are boiled for about 10 
minutes with a 5 per cent, solution of sodium carbonate and then filtered. This treatment 
decomposes any lead sulphate which may be formed. 

* E. Martin, Min. Sci., (5), 3 , i, 686 , 1913; (5), 4, ii, 866 , 1914; C. Zay, Stat. sperm, 
agrar. Ital., 49, 530, 1916; Chem. Zentr.^ (1), 446, 1917; T. J. 1. Craig, Chem.. News^ I15, 
253, 265, 1917; Z. Karaoglanow, Zeit. artal. Chem., 56, 561, 1917; D. P. Liebenl)erg and 
S. Leith, Jaum. 8 . African Inst. Chem., 14, 47, 1931; H. A. J. Pieters and M. J. Mannens, 
Chem. Weekb., 29, 261, 1932; L. M. lol’son, Zavadskaya ImI)., 3 , 116, 1934. 

® K. Charitschkoff, Petroleum Zeit., 2 , 714, 1907. 

* E. V. Lecocq and H. Vandervoort, Bull. 80 c. chim. Belg., 16 , 181, 1902. 

® F. W. Gill and H. S. Grindley, Journ. Amer. Chem. Soc., 31 , 52, 1909; A. Goetzl, Zeit. 
angew. Chem., 18 , 1528, 1905; F. C. Calvert, Chem. News, 24 , 76, 1871. 

* L. Carius, LieMg^s Ann., 136 , 129, 1865; Zeit. anal. Chem., 4 , 451, 1865; G. Anelli, 
Bass. Min. Met. Chim., 34 , 1, 1911; R. Holand, Chem. Ztg., 17 , 99, 130, 1893. For nitric 
acid and bromine, see G. Lunge, Journ. Amer. Chem. 80 c., 17 , 397, 1895; T. S. Gladding, 
ib., 16 , 398, 1894; Chem. News, 70 , 181, 1894; T. J. I. Craig, ib., 115 , 253, 265, 1917; D, P. 
Liebenberg and S. Leith, Journ. 8 . African Chem. Inst., 14 , 47, 1931; for nitric acid and 
potassium chlorate, see 1). P. Liebenberg and S. Leith, l.c.; for sodium chlorate, see F. G. 
Hanley, Eng. Min. Journ., 105 , 385, 1918; for bromine in carbon tetrachloride, see W. S. 
Allen and H. B. Bishop, Eighth Internal. Cong. App. Chem., i, i, 33, 1912; for sodium hydroxide 
and bromine, see T. M. Drown, Chem. News, 43 , 89, 1881. 

’ G. Lunge, Zeit. anal. Chem., 19 , 419, 18^; 20 , 417, 1881; Zeit. angew. Chem,, 2 , 473, 
1889; Journ. 80 c. Chem. Ind., 8 , 966, 1889; Fifth Int. Congress App. Chem., 399, 1906; 
E. Hintz and H. Weber, Zeit. anal. Chem., 45 , 31, 1906; A. Noaillon, Zeit. angew, Chem., 
10 , 351, 1897; H. C. Moore, Journ. Ind. Eng. Chem., 7 , 634, 1915. 

® G. Chandron and G. »Juge-Boirard {Compt. rend., 174 , 683, 1922) say that some sulphur 
always separates if the temperature exceeds 60°, while at room temperature there is no 
separation but the time needed for oxidation is much longer. 

* The residue may be dried, ignited and weighed as a mixture of silica, silicates and 
sulphates of lead, barium and calcium. With calcareous or magnesian clays, there is a danger 
of loss as indicated on page 709. 

C. Zay {Stat. sperim. agrar. Ital., 49 , 530, 1916; Chem. Zentr,, ( 1 ), 446, 1917; Kastner, 
Ann. Chim. anal., (2), 9 , 134, 1927) advises a double precipitation of the iron. E. J. Virgin 
{Teknisk Tids, (Kemi), 53 , 1 , 1923) either dissolves the precipitated ferric hydroxide in hydro- 
chloric acid and precipitates any sulphate in this solution with barium omoride, or reduces 
the iron with hyduroxylamine hydrochloride but does not subsequently remove it. 
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should occupy about 250 or 300 c.c.^ Acidify the solution with hydrochloric 
acid, avoiding an excess. Heat the solution to boiling; remove the flame; 
add, all at once, 2 barium chloride solution with constant stirring.^ The 
addition of too great an excess of barium chloride leads to high results. Let 
the whole stand about 40 minutes. Decant the clear liquid, filter, wash, 
ignite and weigh as barium sulphate.^ 

S'ul'phides Decomposed by Acids . — When the sulphides — say sulphides of 
the alkalies or alkaline earths — can be d(^compos(5<l by boiling acids,® grind, 
say, 5 grins, of the powder with water 
to a thin slurry. Transfer the slurry 
to a (250 c.c.) gas developing flask 
(tig. 148) fitted with a stoppered funnel 
and an exit tube so that any gas 
generated may be passed through, say, 

10 c.c. of a solution of cadmium 
acetate (or aminoniacal cadmium 
chloride).® Add hydrochloric acid to 
the mixture in the flask, via the 
stoppered funnel. Warm the contents 
of the flask and drive off the hydrogen 
sulphide by a current of air, or pre- 
ferably hydrogen, which enters 
through the stopjiered funnel. Filter 
off tlie precipitated cadmium sulphide 
through a small paper and wash it 
once or twice with a 10 per cent, 
solution of ammonia. Place the filter- 
paj)er and jirecipitate in a conical 
flask, add about 50 c.c. of water and 
shake. Now add 5 c.c. of hydro- 
chloric acid (sp. gr. 1*16) and run in 
a measured excess, say 10 c.c., of a 
standard solution of iodine. Thor- 
oughly shake for about half a minute 
and titrate the excess of iodine with a standard solution of sodium thiosulphate 
as indicated on page 370. 


^ If the volume is greater, concentrate by evaporation. 

* Compare page 694. 

* The adsorption error (page 691) is supposed to compensate the loss caused by the 
solubility of the barium sulphate in the mother liquid — G. Lunge, Journ. Amer. Chfm. 

17, 772, 1895. 

* The method has often been condemned and often vindicated — P. Jannasch and T. W. 
Richards, Joum. praht. Chem., (2), 39, 333, 1889; (2), 40, 236, 1889; G. Lunge (with Barbezat 
and Obregia), ib,, (2), 40, 239, 1889; Zeit. angew. Chmi., 2, 473, 1889; T. 8. Gladding, 
Joum. Amer. Chern. Soc., 16, 398, 1894; 17, 397, 1895; 18, 446, 1896; G. Lunge, ib., 17, 
181, 772, 1895; 18, 685, 1896; Zeit. an-gew. Chern., 8, 69, 1895; 9, 453, 1896; Zeit. anorg. 
Chem., 19, 454, 1899; F. W. Kiister and A, Thiel, ib., 19, 98, 1899; 21, 73, 1899; G. Lunge 
and E. Misslin, ib., 2I, 198, 1899; G. Lunge, ib., 21, 200, 1899; C. Meineke, Zeit. an^l. Chem., 
38, 209, 357, 1899; J. Clark, Joum. 80 c. Chem. Ind., 4, 329, 1885; J. Pattinson, ib., 9, 21, 
1890. 

« F. A. Kuhnlenz, Chem. Ztg., 31, 835, 1907; F. L. Crobaugh, Joum. Anal. App. Chem., 
7, 280, 1893; T. J. Morrell, Chem. News, 28, 229, 1873. 

* Cadmium Aobtate Solution. — D issolve 25 grm«. of cadmium acetate in 200 c.c. of 
glacial acetic acid, and make the solution up to a litre — F. L. Crobaugh, l.c. ; O. Herting, 
Chem. Ztg., 2X, 87, 1897. F. Weil (Compt. rend., 102, 1487, 1886) used a standard aminoniacal 
solution of s copper salt. After passing hydrogen sulphide through this solution, it was 
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There is a danger of losing sulphide when ferric salts are present. The 
hydrogen sulphide reduces the ferric salts and is itself oxidised. Hinrichsen ^ 
recommends adding, say, 10 c.c. of a 20 per cent, solution of stannous chloride 
to the mixture in the generating flask, in order to avoid the error. 

Oxidisahle Matter in Limestones. — The disintegration of limestones is 
supposed by some to be related to the amount of oxidisable matter, chiefly 
pyrites, which they contain, ^ and this is determined by the following process: — 
Add 25 c.c. of 0-1 N-potassiuni permanganate to 1 grm. of the dried (110^) and 
powdered clay in a 250 c.c. Erlenmeyer’s flask. When the powder is all 
moistened, add 100 c.c. of a 10 per cent, solution of sulphuric acid,® and shake 
the flask. If the colour of the potassium permanganate be discharged, add a 
second 25 c.c. of the permanganate solution. Heat the mixture on a water 
bath, with occasional shaking, for about half an hoiir.^ Run 30 c.c. of 
0*lN-oxalic acid into the flask.® Let the mixture stay on the water bath a few 
minutes longer. All the brown manganic compounds should have passed 
into solution. The excess of oxalic acid is titrated with 0-lN-potassium 
permanganate. Three one-gram samples should be used. The rcwsults are 
calculated to “oxygen consumed by the limestone.’’ The limestones examined 
by Peters consumed between 0-048 and 2-120 per cent, of oxygen.® 1 c.c. of 
0-lN-potassiura permanganate gives 0-0008 grm. of oxygen. 

§ 339- The Volumetric Determination of Sulphates — 
Raschig’s Process. 

Benzidine hydrochloride — Ci2H8(NH2)2.2HCl — in aqueous solution is 
hydrolysed in such a way that the solution behaves as if it contained 
benzidine — Ci 2 H 8 (NH 2 ) 2 ' -and hydrochloric acid. If such a solution be 
titrated with sodium hydroxide, the phenolphthalein wull develop a pink 
coloration after all the acid is neutralised by the soda. The reaction is 
quantitative. 8uy)pose, further, an excess of benzidine hydrochloride be added 
to a solution containing, say, sodium sulphate, sparingly soluble benzidine 
sulphate — (’| 2 ^^ 8 (NH 2 ) 2 -^ 2 »^^ 4 — precipitated : 

C\2H8(NH2)2.2HCI 4- NaaRO^ - 2NaCl + Ci 2 H 8 (N 112 ) 2 . H 2 SO 4 

The excess of benzidine liydrochloride can then be determined by titration 
with vstandard alkali. The difference between the titre of the benzidine 
hydrochloride added to the sulphate solution and that of the benzidine 
hydrochloride remaining after the precipitation of the benzidine sulphate, 
represents the “sulphate” in the given solution. This method, due to Muller, 

made up to a given volume and an aliquot portion titrated as indicated on page 367 for un- 
precipitated coppt^r. The difference between the result and the amount of copper originally 
present represented the amount precipitated by the hydrogen sulphide. R. K. Meade 
(Journ. Amer. Chem. Soc., 19, 581, 1897) used a solution of a lead salt; G. G. Boucher {Chem. 
NeAv.% 75, 121, 1897) usetl a solution of ferric chloride and titrated the ferrous salt formed 
by reduction. 

^ F. W. Hinrichsen, Mitt. k. Mater ial’priif. Amt., 25, 321, 1895. 

* A. M. Peters, Journ. Amer. Chem. Soc>., 25, 143, 1903. 

® 110 c.c. of sulphuric acid (sp. gr. 1-84) and 1800 c.c. of water. 

* Experiments show this to be sufficient to oxidise the pyrites, etc. 

® More if necessary. The volume of oxalic acid is adjusted so that at least 10 c.c. is 
present in excess of that which has been oxidised by the permanganate. If 25 c.c. of per- 
manganate were added, 30 c.c. of oxalic acid will suffice, provided not less than 5 c.c. of 
pc^rmanganate was reduced; otherwise more oxalic acid will be needed. 

« Phosphoric acid can l>e determined, if desired, in the solution by A. L. Emery’s volu- 
metric process {Journ. Amer. Chem. 80 c., 24, 896, 1902); the insoluble residue is reported 
as ’‘clay and sand.” 
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presupposes that the sulphate solution is exactly neutral. Since aluminium, 
iron, zinc and other sulphates do not give neutral solutions, these bases should 
be absent. Some of the benzidine hydrochloride is also adsorbed by the 
precipitated sulphate, which leads to high results. The latter difficulty is less 
marked if the precipitation be made in hot solutions. 

Instead of proceeding by Muller’s process, it is better to follow Raschig’s 
variation,^ and titrate the ])recipitated benzidine sulphate with standard 
alkali, using phenolphthalein as indicator. The end of the reaction is repre- 
sented by the equation : 

C, 2 H«(NH 2 ).,.H 2 S(), + 2NaOH = + 2 H 2 O + 

The Precipiiatimi. — Pipette, say, 100 c.c. of the neutral or feebly acid 
solution of the given sulphate, with constant stirring, into 500 c.c. of a cold 
solution of benzidine hydrochloride ^ in a 600 c.c. Erlenmeyer’s flask. Stir the 
mixture well with a glass rod. The voluminous crystalline precipitate of 
benzidine sulphate is allowed to settle for about 15 minutes and then separated 
by suction through a Witt’s filter plate (page 91) ^ — 4 cm. diameter on the 
upper side, and 3*5 cm. on the lower side. The supernatant clear liquid is 
poured through the funnel and the precipitate transferred by shaking the last 
fifth of the liquid before it is poured into the funnel. Any precipitate which 
sticks to the sides of the flask in which the precipitation was made can be 
washed off with some of the clear filtrate, or a wash- bottle filled with benzidine 
solution can be used. No cracks should appear in the precipitate as the last 
drop of mother liquid drains from the filter plate. The precipitate is washed 
twice with 5-10 c.c. of water ^ from a wash- bottle, directed so as to rinse down 
the sulphate adhering to the sides of the funnel. As the last of the wash-water 

' F. Raschig, 7jni. angew. Chein.^ 16, 617, 818, 1903; 18, 331, 1905; 19, 331, 1906; 
40, 864, 1927; C. Fricdheim and (). Nydegger, ib., 20, 9, 1907; L. W. Haase, ih,, 40, 595, 
1927; W. Muller, <7>., 16, 653, 1017, 1903; Her,, 35, 1587, HM)2; W. MiiUer and K. Diirkes, 
Zeit. anal. Chem., 42, 477, 1903; J. A. Aianasiu and A. 1. Veleulescu, ih., 90, 337, 1932; 
G. von Knorre, ib., 49, 461, 1910; Chem. Ind., 28, 2, 1905; O. Nydcggcr, lleber die Bestim- 
nmn^ der SrJnvefehdure durch Henzidin, Bern, 1907; Chem. Ztg., 52, 318, 1928; L. W. Haase, 
ib., 51, 637, 1927; Vlastimil and M. Matula, ih,, 50, 486, 1926; O. Huber, ib., 29, 1227, 
1905; A. Heezko, Zeit. anal. Chem., 50, 748, 1911; 51, I, 1912; K. K. Jarvinen, Ann. Acad.. 
JScieni. Fennica', 2, A, 4, 1910; 16, 1911; Chem, Ze/ntr., (1), 526, 1912; W. Vaiibel, Zeit. 
offent. Chem., 20, 426, 1914; 21, 1, 1914; F. W. Bruckmiller, Journ. Ind. Eng. Chem., 7, 
600, 1915; E. L. Skau and 1. L. Newall, ib., Aiud. Ed., 5, 180, 1933; M. Talenti, Giorn. 
Chim. ind. AppL, 8, 611, 1926; G. Testoni, Anmdi Chim. Appl., 18, 408, 1928; R. Gauvin 
and V. Skarzynski, Hull. Sac. chim.., (4), 13, 1121, 1913; G. W. Raiziss and H. Dubin, Journ. 
Biol. Chem., 18, 297, 1914; C. H. Fiske, ib., 47, 59, 1921 ; O. Rosenheim and J. C. Drummond, 
Biocheni. Journ., 8, 143, 1914; J. C. Drummond, ib., 9, 492, 1915; 1*. L. Hibbard, Boil Bci., 
8, 61, 1919; F. W. Heyl and B. Fullerton, Journ. Amer. Pharm. Assoc., 12, 617, 1933; M. 
Chatron, Journ. Pharm. Chim., (8), 13, 244, 1931; E. Lobstein and M. Angel, Ann. Chim. 
anal. Chim. appl., (2), 15, 389, 1933. Cf. A. Mutschin and R. Poliak, Zieii. aiial. Chem., 106, 
385, 1936; 107, 18, 1936; zo8, 8, 309, 1937. 

* Benzidine Hydrochloride. — Rub 40 grms. of benzidine thoroughly with 40 c.c. of 
water and wash the “slip” into a litre flask with about 750 c.c. of water. Add 50 c.c. of 
concentrated hydrochloric acid (sp. gr. 1*19) and, when all is dissolved to a clear brown 
solution, fill the flask up to the litre mark with water. If the solution be turbid, filter. For 
use, this solution is diluted with twenty times its volume of water. 150 c.c. will suffice for 
the precipitation of 0-1 grm. of H2SO4. Brown flecks may separate from the solution on 
long standing. These do no particular harm. 

® The filter plate is covered with two discs of moistened filter-pape^r. The discs of filter- 
paper are 4*6 cm. in diameter. The projecting 3 mm. rim of the filter-paper discs is care- 
fully pressed against the sides of the funnel by means of a glass rod with a square end. 
Successful work de})ends upon the tight closing of the joint between the funnel and the 
filter-paper. 

* llie benzidine sulphate is slightly soluble in water. By proceeding in this manner, the 
loss from this cause can be reduced to a minimum. 
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drains off, the filtration flask is disconnected from the pump.^ This must be 
done before the precipitate contracts to a more or less dry silver-grey skin.^ 

The Transfer of the Precipitate to the Titration Flask, — The funnel is then 
inclined at an angle of about 45° and the filter plate and precipitate are turned 
over on the side of the funnel, with the plate uppermost, by pushing a glass 
rod through the stem of the funnel. The filter plate is removed and the 
precipitate transferred to a 250 c.c. Erlenmeyer’s flask by the aid of the glass 
rod. The filter-paper is squeezed into a roll and also dropped into the flask. 
Any benzidine sulphate adhering to the funnel is washed into the flask with a 
vigorous jet of water. In all, about 25 c.c. of water should be used for the 
transfer. If any particles of the precipitate remain on the funnel, it is best 
to wipe them off with a small swab of filter-paper and transfer the latter to 
the flask. The benzidine sulphate should now be all in the flask, (flose the 
flask with a rubber stopper and shake it thoroughly, so as to form a kind of 
slurry — precipitate, filter-paper and water — quite free from lumps of benzidine 
sulphate. Remove the stopper from the flask and wash back any adhering 
particles of the sulphate with a few drops of water. 

The Titration, — Add about 2 c.c. of phenolphthalein ® and titrate the 
solution with 0*lN-sodium hydroxide until the red colour of the indicator 
appears. Warm the flask until the colour has disappeared and continue the 
titration until a faint red appears. Again heat the flask until the liquid boils, 
so as to expel any carbon dioxide. The end of the titration is shown by the 
persistence of a faint red colour in the liquid.^ At the end of the titration 
one or two drops of OdN-hydrochloric acid should remove the colour and this 
should not reappear after boiling two minutes. 

Example. — 100 c.c. of a solution of sulphate were poured into 500 c.c. of the benzidine 
solution. The benzidine sulphate slurry needed 4915 c.c. of O lN-NaOH to develop 
the proper coloration. Here, 49* 15 c.c. of O-lN-NaOH represent 0 2410 grm. of H2SO4. 
As a matter of fact, the solution really contained 0-2430 grm. of H2SO4. Hence, the 
error, 0 0020 grm., approached 0*9 per cent. But closer results can be obtained after 
a little practice in the method. 

Modification in the Presence of Iron Salts, — Nydegger tried the effect of 
slightly acidifying the solution with hydrochloric, nitric and acetic acids; the 
effect of additions of potassium, ammonium, copper, aluminium, zinc and 
chromium chlorides, potassium nitrate, sodium acetate, ammonium, zinc, 
manganese, cobalt, copper, aluminium and ferrous sulphates. The results 
were quite satisfactory. It is generally considered that no more iron should 


' Make sure that all the sulphuric acid hM been precipitated, by testing the filtrate with 
barium chloride solution. No precipitate should Ihj produced, but after standing 15 minutes 
a slight turbidity will probably appear owing to the decomposition of the trace of benzidine 
sulphate in the filtrate. The loss from this source is very small, and it is compensated by 
the slight excess of the O lN-NaOH — one or two drops, corresponding with 0*12 to 0*2 per 
cent, of sulphur — required for colouring the phenolphthalein adsorbed by the pulp of the 
filter-paper in the flask during the titration. 

* l>ried benzidine sulphate cannot be properly dispersed through the water and, in con- 
sequence, it will be but slowly decomposed by the sodium hydroxide during the titration. 
The results will then be low. If by accident undecomposed flakes of benzidine sulphate 
should appear in the liquid, boiling with a small known excess of sodium hydroxide will 
effect decomposition. The excess of soda can be determined by back titration with standard 
acid. 

* This unusually large amount of indicator is needed because some of the indicator is 
adsorbed by the paper pulp in the flask. 

* The tint can be recognised through the fibres of the filter-paper, but, if necessary, the 
paper can be allowed to settle to facilitate the observation of the end coloration* An intense 
red colour shows over-titration. 



THE DETERMINATION OF SULPHUR. 715 

be present than is represented by Fe : S. If ferric iron be present, some will 
be occluded with the precipitated benzidine sulphate and spoil the result.^ 
The ferric iron should be reduced to the ferrous condition before adding the 
benzidine hydrochloride. The reduction is best made with hydroxylamine 
hydrochloride, as described below. Satisfactory results can then be obtained 
with both copper and iron pyrites. 

For pyrites, Raschig recommends the following process: — 0-8 grrn. of 
finely powdered pyrites is placed in a dry 200 c.c. Erie nmeyer’s flask with 5 c.c, 
of fuming nitric acid. Heat the mixture on a water bath, with a funnel in the 
neck of the flask to prevent loss by spurting. The pyrites should be decom- 
posed in about half an hour. Add 30 c.c. of water and warm the mixture a 
short time to dissolve the iron salts. Dilute the solution — with or without 
the removal of the solid residue — to the 100 c.c. mark in a measuring flask. 
Pipette 20 c.c. of this solution into a 6(X) c.c. beaker, add 10 c.c. of a 1 per cent, 
solution of hydroxylamine hydrochloride and 500 c.c. of the benzidine solution. 
Stir the mixture with a glass rod and let it stand 15 minutes. Then proceed 
as described above. ^ 

Errors . — With a little practice, the results obtained by this method for 
sulphur in substan(*es such as ])yrites, riv^al in accuracy results with the barium 
chloride process. The more im})ortant sources of error are: (1) the slight 
solubility of the benzidine sulj)hate in water; (2) slight adsorption of benzidine 
hydro(diloride by the ])recipitated benzidine sulphate; (3) imperfect titration 
due to the “balling'’ of the sulphate when it is overdried; (4) imperfect 
precipitation of sulphate through using insufficient benzidine hydrochloride; 
and (5) the need for a slight excess of the O-lN-NaOH solution, owing to 
adsorption of the indicator by the paper pulp. Some of these errors com- 
pensate one another. The time needed for the determination of sulphur in 
pyrites by this method is something less than one and a half hours, but the 
method is time-saving only when a number of determinations under similar 
conditions has to be made. 

§ 340. Hinman’s Barium Chromate Process. 

In this method^ a measured excess of a standard solution of barium 
chromate ^ is slowly run into the boiling, faintly acidic solution of the sulphate, 
which should not contain more than 2 per cent, of sulphur trioxide. The 
solution is boiled for a few minutes and then made alkaline by the addition of 
ammonium hydroxide, whereby the excess of barium chromate is precipitated. 
The mixed precipitate of barium sulphate and chromate is filtered off and well 
washed with hot water. The soluble chromate in the filtrate and washings, 
produced by the reaction — 

Na2S04 + BaCr04 = Na2Cr04 + BaS04 


^ See L. W. Haase {Zeii. an^ew. Chem.^ 40 , 695, 1927) for the effect of ferric, magnesium 
and calcium salts on the accuracy of the method. 

* The number of c.c. of O lN-NaOH used represents the per cent, of sulphur in the 
pyrites. The other four-fifths of the solution in the measuring flask can be used for check 
determinations. 

• C. W. Hinman, Am^r. Journ. 8 ci., (3), 14 , 478, 1877; L. W. Andrews, Amer. Chem. 
Joum., II, 667, 1889; J. D. Pennock and D. A. Morton, Journ. Amer. Chem. 80 c., 25 , 1266, 
1903; G. Bruhns, ZetX CAcm,, 45 , 673, 1906; M. Holliger, f' 6 ., 49 , 84, 1910; D. Koszegi, 
ib., 77 , 203, 1929; R. Schmidt, t 6 ., 82 , 3.53, 1930; H. North, Amer. Journ. Pkarm.., 86 , 249, 
1914; Q. Naohtigall and F. Raeder, Arch. Hyg., 100 , 31, 1928; J. R. Andrews, Ind. Eng. 
Chem. Anal. Ed., 3 , 361, 1931. 

♦ 4 grms. of the pure, precipitated salt are dissolved in 1000 c.c. of LON -hydrochloric acid. 
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is determined by acidifying the solution with sulphuric acid, adding an excess 
of potassium iodide and titrating the liberated iodine with OlN-sodium 
thiosulphate. 1 c.c. of ()*lN-sodium thiosulphate rej)resents 0'0()2()69 grm. SO3. 
Alternatively, the soluble chromate can be deternuried by the ferrous sulphate- 
permanganate process, as given on page 530. 

§ 341. The Determination of the Soluble Salts in Clays. 

The “soluble salts” in clays are responsible for certain manufacturing 
difficulties, and consequently it may be of great importance to determine their 
amount and nature. In such cases the clay is boiled with water and the 
insoluble residue removed by filtration through filter-paper, or by settling.^ 



Fia. — Filtration through Forous Cone. 


It is, however, at this stage that the practical difficmlties arise, as the clay is 
sometimes so finely divided that the solid cannot be separated from the liquid 
by filtration even through a dozen filter-papers, and some clays take so long 
to settle that the solid matter appears to be in permanent suspension. The 
turbid filtrate may be evaporated to dryness on a water bath and dried at 
110®. The residue may then be extracted with water, and the filtrate will 
usually be quite clear.^ 

The most satisfactory method is to filter the solution through biscuit 
pottery or alundum ware,® glass Gooch crucibles with fine grade, sintered 

^ R. Fresenius, Anleitun^ zur qiLantitativen chemurJmi Analyse^ Braunschweig, 2, 606, 
1887; London, 2, 521, 1900. 

* J. Post, Chemisch-techfiische Analyse, Braunschweig, 2, 98, 1906. 

* L. rJ. Briggs {BulL U.8. Agric, Dept., 19, 31, li>02) and O. Schreiner and G. H. Failyer 
{ib., 31, 12, 1906) passed the solution through a Paste ur-Chamberlain water filter by means 
of a force-pump. J. W. Mellor, Trans. Cer. Sac., 5, 54, 1906; Pot. Oaz., 32, 1049, 1907; 
C. E. Munroe, Amer. J. Science, (3), i, 336, 1871; Chern. News, 24, 79, 1871; F. Klein, Amer. 
J. Pharm., 83, 342, 1911; E. B. Forbes, Journ. fnd. Eng. Chem., 4, 544, 1912; G. L. Spencer, 
ib., 4, 614, 1912; M. A. Williamson and P. A. Boeck, ib.,4, 672, 1912; H. O. Anderson, ib., 
3, 42, 1911; V. E. Brown and E. H. Kellogg, ih., 7, 686, 1915; W. B. Hicks, ib., 6, 829, 
1914; L. E. Saunders, Met. Chem. Eng., 9, “257, 1911; W. Pukail, Ber., 26, 1169, 1893; 
Chem. News, 72, 86, 1896. 
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glass filter discs fused into the base, paper pulp, or similar filtration media.^ 
A Gooch crucible in which the bottom of the crucible has neither been ])er- 
forated nor glazed can be used, or a biscuit crucible can be glazed inside and 
outside to within half a centimetre from the bottom. This crucible is fitted 
up like the regular Gooch crucible. Instead of using crucibles with a biscuit 
bottom, cones of porous earthenware can be used. These can either be fitted 
inside a suitable funnel, or fitted to the funnel-like neck of a Walther’s 
filtration flask, ^ as indicated in fig. 149. The porous cone is fitted into the 
funnel by means of a rubber ring, so as to make a tight joint. There is then 
no need for the perforated stopj)er.-^ Fig. 149 makes the arrangement clear. 
Rumpler’s filtration cups,^ made of thick, porous 
filter-paper, are sometimes convenient for filter- 
ing solutions which give trouble with ordinary 
filter-paper. Care should be taken to get the 
crucible ® and filter-paper to fit as indicated in 
the diagram, fig. 150. The inner layer in the 
diagram represents a section of the Kiimjder’s 
(nip, and the outer layer, the crucible. 

To conduct an experiment: boil gently about 
5 grins, of the finely ])Owdere(l clay with about 
250 c.c. of distilled water in a resistance glass 
flask for about half an hour. Cover the mouth 
of the flask with a watch-glass to minimise loss 
by evaporation and, if necessary, add more water 
from time to time. After the clay has settled 
somewhat, ])our the li(piid through the biscuit 
earthenware cone, fig. 149. The pump is now Fio. jr)0.---FiltTation by 
turned on and the cone is kept filled wnth licpiid. umptrs u s. 

The clay is w^ashed with hot distilled >vater, ami the 

filtrate is evaporated to dryness in a weighed dish. The residue is dried at, 
say, 110'\ ami its amount is expressed as a percentag(‘. The clay sometimes 
clogs the pores of the cone, so that the process of filtration is extremely slow. 
In that case, the liquid can be filtered through a Kiimpler’s cup® (fig. 150), 
and afterw^ards through the biscuit cone. The washing should be conducted 
until a few drops of the liquid running from the clay leave no perceptible 
residue when evaporated to dryness on jdatinum foil. The result of this 
experiment do(*s not necessarily re})resent the whole of the soluble salts in the 
clay. Some may be adsorb(Hl by the clay in such a way that they can only 
be removed, if at all, by an extremely prolonged w^ashing.’^ However, the 
adsorbed salts which are not removed by washing are not of importance from 
the point of view of “soluble salts,’’ and the result actually obtained is the 
datum required. The silica, alumina, etc., can be determined in the residue 
in the ordinary way (pages 147 ei seq,). 

^ E Greiner, Sprech., 42 , 399, 1909. 

* J. Walther, Pharm. Centr.^ 530, 1898. 

® The air in the rubber rings, under low pressure inside the flask — powerful suction — is 
apt to expand and burst the ring. Solid rubber rings do not work so well unless they are 
made of soft, very yielding rubber. 

^ A. Rflmplcr, Deut. Zuckerind., 29 , 21, 1904. 

® The cups fit crucibles 6*5 cm. high, 5*4 cm. upper diameter and 3*2 cm. diameter at the 
base (outside measurements). 

• Or through a fine grade filter-paper, then filtering the more or less turbid liquid through 
a filter crucible. 

^ For the removal of salts from solution by adsorption during filtration through earthen- 
ware filters, see W. B. Hicks, Ind, Eng, CKem,, 6 , 829, 1914. 
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§ 342. The Determination of Sulphates by the Turbidity Process. 

The sulphates in the clear solution, say, from the preceding operation, can 
be determined as barium sulphate by the method of page 703; or, more 
rapidly, if a number of determinations has to be made, by comparing the 
turbidity of a solution containing a known amount of barium sulphate in 
suspension with that produced in the given solution by the addition of barium 
chloride. The solutions must be dilute enough to produce an opalescent and 
not a settling precipitate. The opalescence depends largely on the size of the 
particles precipitated in the solution and this, in turn, is determined by the 
physical condition of the solution — e,g. the temperature and nature of other 
salts in solution. The method gives fairly satisfactory results for industrial 
work when speed is a vital factor. The standard and the solution under 
investigation should not be widely different in strength and, in consequence, a 
preliminary comparison should be made in test tubes. If the solution under 
investigation gives a very much more turbid solution than the standard, it 
should be diluted; and conversely. The solutions must not be diluted after 
the addition of barium chloride.^ 

Standard Solution , — A stock solution of calcium sulphate is made l)y 
dissolving 0*8962 grm. of calcium sulphate — CaS()4.2H20 — in a litre flask, so 
that 1 c.c. contains the equivalent of 0*0005 grm. SO4. Make 25 c.c. of this 
stock solution up to a litre to giv^e a standard solution. Pipette, say, 100 c.c. 
of the standard solution into a tightly stoppered wide-mouthed bottle. Add 
0*1 to 0*2 grm. of powdered, crystalline barium chloride and shake. Pipette 
50 c.c. of this solution into a Nessler’s glass surrounded by black paper or a 
black velvet jacket. 

Test Solution , — Acidify the filtrate from, say, 10 grms. of clay with hydro- 
chloric acid and make up to 250 c.c. with water. Pipette, say, 1(X) c.c. of 
this solution into a wide-mouthed bottle and treat as just described for the 
standard solution. 

Comparison , — Place the test solution in a burette and run it into a Nessler’s 
glass fitted with a black jacket, as indicated above, until the solutions in the 
two Nessler’s glasses appear to have the same turbidity. The comparison is 
made with the Nessler’s glasses resting upon a plate of clear glass supported 
over a sheet of black paper. 

Calculations . — Suppose that the two solutions have the same turbidity 
when 13 c.c. have been run from the burette. Then 13 c.c. of the test solution 
have the same turbidity as 50 c.c. of the standard, i.e, as 0*000625 grin. SO4. 
Hence, 250 c.c. will have the equivalent of : — 

250x0*000625/13 = 0*012 grm. SO4 

Thus, 10 grms. of the clay have the equivalent of 0*012 grm. of SO4; or, 0*12 
per cent, SO4; or 0*17 per cent. CaS04. 


^ T. W. Klchards and R. C. Wells, Amer. Chern. Joum., 31 , 236, 1904; Journ. Amer. 
Chem. Soc,y 27 , 459, 1905; J. I. D. Hinds, « 6 ., 18 , 661, 1896; 22 , 269, 1900; Chem. News, 
73 , 285, 299, 1896; D. D. Jackson, Journ, Amer, Chem. Soc,, 23 , 799, 1901; 8 . W. Parr and 
C. H. McClure, ib,, 26 , 1139, 1904; P. A. Kober, ib,, 35 , 290, 1585, 1913; S. W. Parr, W. F. 
Wheeler and R. Berolzheimer, Journ, Ind. Eng, Chem,, i, 689, 1909; S, W. Parr and W. H. 
Staley, ib., Anal. Ed., 3 , 66 , 1931; R. T. Sheen, H. L. Kahler and E. M. Ross, ib., 7 , 262, 
1936; R. Seifert, Siiddeutsche Apoth. Ztg,, 72 , 623, 1932; F. Bienert, Compt. rend., 158 , 
1117, 1914; J. T. Marshall and H. W. Banks, Proc. Amer, Phil, Soc., 54 , 1 , 1915; H, H. 
Willard and R. Schneidewind, Trans. Amer. Electrochem, Soc., 56 , 333, 1930; L. IE. Stout 
and A. W. Petohaft, ib,, 56 , 351, 1930; D. R. Williams, Itock Products, 30 , No. 8 , 54, 1936; 
R. B. Rudy, Joum, Mesearch Nat, Bur. Standards, x 6 , 656, 1936. 
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The most important disturbing influences arise from the introduction of side- 
lights during the comparison of the turbidities; and the mode of precipitation 
“ hot or cold, with the solid salt or with an aqueous solution - and whether the 
readings be made at once or after the solution has 
stood some time. Consequently, it is necessary to 
follow rigorously the same procedure in preparing the 
standard and the test solutions. 

Instead of using Nefisler's glasses for the com- 
parison, Richards and Wells use a nephelometer for 
coin])aring the turbidities of different solutions. 

Hinds and Jackson read the depth of the turbid 
liquid at which a standard sperm or wax candle 
flame just ceases to be visible; the corresponding 
amount of SO4 is read directly from a standard table 
prepared by empirical observations with solutions of 
known strength.^ The cylinders are 3*5 cm. wide, 

20 cm. high, and graduated from below upwards. 

The cylinder is supported over the lighted candle 
and the liquid, with the precipitate in suspension, 
is run in until the tip of the candle flame just dis- 
appears. In the Burgess-Parr turbidimeter, fig. 

151, a hollow tube, fitted with an eye-piece and an 
optical glass base, can be moved upwards or down- 
wards by means of a ratchet in a cylinder which 
contains the test solution. This cylinder is also 
provided with an optical glass bottom and it is fixed 
over a small electric lamp, maintained at a constant 
voltage. The tube is racked into such a position that 
the red filament of the lamp just becomes invisible. 

The distance between the two optical glass bases —Bur ess 

is then read on a millimetre scale. In other types Turbidimeter! 

of instruments the depth of liquid is kept con- 
stant and the voltage of the lamp varied until the glowing filament disappears. 

§ 343. The Amount of Barium Salt required to make the Soluble 
Sulphates in a Clay Innocuous. 

Boil 22*4 grins, of the clay ^ in a long-necked flask with a litre of water. The 
soluble sulphates pass into solution. Add 1 c.c. of a standard solution of 
barium chloride containing 10 grins. BaClg per litre. Shake the contents of 
the flask and pipette 2 c.c. into a small funnel, fitted with a close-packed 
filter-paper, over a test tube. This test tube is labelled No. I. Add another 
cubic centimetre of the barium chloride solution to the contents of the flask, 
shake and transfer 2 c.c. to a second test tube, labelled No. II. This operation 
is repeated with a series of test tubes ranged in order so that each tube repre- 
sents 1 c.c. more barium chloride solution than the tube immediately preceding, 
and 1 c.c. less than the tube immediately succeeding. Add about 3 drops of 
dilute sulphuric acid to each test tube. That tube in which a turbidity first 

* J. I. D. Hinds gives for SOj the relation y =0*0482 -r x, where x is the cylinder reading, and 
y the percentage value of SO, sought; and for CaO when the lime is precipitated as calcium 
oxalate y =0*036-- (a? -0*3), Different cylinders, and different amounts of raw material, 
would naturally require different formulae. 

• Air-dried, or natural undried olay, or day dried at 110°. 




720 A TREATISE ON CHEMICAL ANALYSIS. 

appears shows the tube which contains more than sufficient barium chloride 
to react with the sulphates. For instance, suppose that this is tube No. VI., 
with 6 c.c. of barium chloride; and that the preceding one, No. V., with 5 c.c., 
is clear. The end of the titration is somewhere between these two tubes, 
say 5*5 c.c.^ 

Practice ^ shows that with the above proportions every cubic centimetre 
represents 1 lb. of anhydrous barium chloride to be mixed with a ton of clay to 
transform the soluble sulphates into insoluble and inert barium sulphate. 
Hence, in the example under consideration, 5| lbs. of barium chloride are 
needed per ton of clay. If barium carbonate is used instead of the chloride 
to precipitate the soluble sulphates, an amount of it should be taken equal to 
twice the calculated quantity of chloride thus in the above case 11 lbs. will 
be needed.^ 

The results agree fairly well with practice, although the method has many 
faults. If much more than 20 c.c. of barium chloride be needed, the soluble 
salt difficulty cannot be cured by the barytes method. 

Seger and Cramer ® used a more elaborate ap])aratus than that just 
indicated, but it requires less expert manipulation. The results are similar. 
Some clays — e.y. Wetley marl — give liquids very difficult to filter clear and 
it is not then easy to determine the end of the barium chloride titration by 
the turbidity of the filtered solution. Li that case, it is necessary to separate 
the solution from the clay by filtration through bis(‘uit ware, as indicated on 
page 710. 

Distinction between Native and Precipitated Barium --Native 

ground barium carbonate, witherite, is far less effective in removing the 
soluble sulphates than is the precipitated product and the latter should always 
be used. There is no single test whereby witherite can be conclusively 
distinguished from the precipitated carbonate, but by a combination of tests 
it is usually possible to discriminate between them. Some, specimens of 
witherite are greyer in colour than the synthetic jnoduct and on solution in 
dilute hydrochloric acid leave a larger, denser and darker residue, though 
much depends on the source of the mineral and its subsequent history. Under 
a microscope, precipitated barium carbonate shows crystals of almost uniform 
size, whereas the crystal fragments from witherite are usually larger and more 
irregularly graded. Continued wet grinding may redin^e witherite to such a 
fine state of division that it is indistinguishable from the precipitated material 
under a microscope, but this contingency is somewhat remote in a commercial 
sample of the ground mineral. Sodium carbonate is commonly used in the 
preparation of commercial precipitated barium carbonate and, in the sub- 
sequent washing, the whole of the precipitant will rarely, if ever, be removed. 
Hence, if the filtrate obtained after boiling a few grams of the sample with 
distilled water gives an alkaline reaction, this is good evidence that the 
material is of synthetic origin, since witherite on similar treatment gives a 
neutral filtrate. 


1 C. Beringer and J. J. Beriiiger, Ghem, News, 59, 41, 1889; R. Wildonsteiii, Zeit, anal, 
Chern,, I, 432, 1862. 

* B. Kerl, Handhuch der gesammten Tonwaarenindustrie, Braunschweig, 71, 623, 1907. 

* Relatively more of the insoluble carbonate is needed because of the mixing difficulty. 
The soluble chloride is relatively easily brought in contact with the sulphates. 

* B. Kerl {l.c.) recommends adding three-quarters of the calculated quantity of barium 
chloride and barium carbonate equal to twice the deficiency in chloride. For example: 
calculated, 10 lbs. BaCl^; used, 7*5 lbs. BaC4 ^ lbs. BaCO,. 

^ H. A. Seger and E. Cramer, Tmind, Ztg., z8, 637, 1894; Hilfs-Oerdte fUr Beaujfsichiigung 
und V ervcUhmmnung des Betrkbes von Ziegeleien, Berlin, 96, 1911. 



CHAPTER XLITL 

THE DETERMINATION OF THE HALOGENS. 

§ 344. The Detection of Fluorides. 

Therp: is no universally applicable direct test for fluorides in silicates.^ The 
two most important of the older reactions available for qualitative tests are 

(1) the evolution of hydrogen fluoride, which occurs wdien a fluoride is heated 
with concentrated sulphuric acid. The reaction is expressed in (diemical 
symbols: CaFg -f- H2»S()4 = CaB04 + 2 HF. The presence of the hydrogen 
fluoride is recognised by its acition on glass — the so-called “etching test.’’ 

( 2 ) If silica or a silicate be present, most of the hydrogen fluoride reacts with 
the silica to form silicon tetrafluoride — SiF4 as indicated by the symbols: 
Si02 + 4 HF = 2H20 + SiF4. The silicon fluoride will not etch glass, but it will 
react with a drop of wat(*r, forming hydrofluosilicic and silichj acids. Thus, 
in symbols: 38 iF 4 + 3H2O = 2 H 2 KSiF 8 + HgSiOg. The latter give\s the drop of 
water a turbid aj)pearance - the so-called “hanging drop test.” If the 
silicate contains fluorides wdiich are not attacked by the concentrated acid, it 
is necessary to get the fluoride in a form - say, as calcium fluoride— susceptible 
to attack before either test (^an be applied. 

Colorimetric tests are now available (see })age 724 ). 

The Separalion of Fluorine as CalHum Fluoride from Fluo-silicates not 
attacked by Sulphuric Add} — Mix the fluo-silicate with about eight times its 
weight of sodium carbonate, fuse the mixture in a platinum crucible and, when 
the mass is cold, extract with water. The solution contains sodium fluoride 
and sodium silicate. Remove the silica by adding an excess of Schaffgotsch’s 
solution and allow the mixture to stand overnight in a warm place. Filter 
and evaporate the filtrate to a small volume. Add a little methyl red and 
carefully add dilute hydrochloric acid from a burette until the yellow colour 
of the indicator just changes to red. To make sure the mass is just neutralised, 
and no excess of acid is present, heat the solution to boiling —should a yellow 
colour reappear, add acid drop by drop until a red tinge is visible. Add an 
excess of a solution of calcium chloride and again boil the solution. Filter 
off the precipitate, wash, dry and ignite in a platinum crucible. Add acetic 
acid and evaporate to dryness. This converts any calcium carbonate into 
soluble acetate. Rub up the mixture with water and filter off the insoluble 


^ Fluorine, in Reagents. — P. Carles (Bull. Roc., chim., (4), 13, 553, 1913; Ann. Chim. anal., 
19, 101, 1914) finds that sulphuric and hydrochloric acids are generally free from fluorine, 
but nitric acid usually contains it. To remove the fluorine, redistil and reject the first two- 
thirds of the distillate. Potassium and sodium nitrates usually contain fluorine; they can 
be freed by boiling with barium nitrate and barium hydroxide and removing the excess of 
the barium salt by a current of carbon dioxide. Barium hydroxide usually contains insoluble 
fluorides, the alkali bicarbonates are rarely free from fluorine and ammonium carbonate 
always oontains it. 

* F. P. Treadwell, Analytical Chemistry, New York, x, 362, 1903. 
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calcium fluoride. Dry and burn off the filter-paper. The powder is then 
ready for the etching test. 

The Etching Tesf. — This is available for fluorides which are free from silica 
or silicates and which are attacked by concentrated sulphuric acid. A small 
clear glass plate, free from scratches, is thoroughly cleaned and warmed. A 
little molten wax ^ is poured on to the warm plate and the excess drained oft, 
so that a thin uniform layer of wax remains spread over the plate. The plate 
is allowed to cool in a horizontal position. While the wax is still warm, make 
a small + on tlie wax with a pointed instrument, so as to lay bare, but not 
to scratch, the glass. ^ 

The powder under investigation is placed in a ])latinum crucible,® along with 
2 or 3 c.c. of concentrated sulphuric acid.^ Warm the upper edge of the crucible 

cautiously and quickly with a small 
flame. Press the glass plate, w^axed 
side downwards, upon the crucible so 
that the cross is in the centre and the 
crucible is sealed to the plate when the 
wax cools. The crucible is supported 
in a hole in a j)iece of thick asbestos 
board, cut so as to fit the crucible 
tightly. Put two or three dro])s of 
water on the glass plate and press the 
end of a metal condenser® (fig. 152) 
down on the plate.® The disposition 
of the apparatus will be obvious from 
fig. 152, where C is the condenser, B 
the glass plate, A* the asbestos board 
and crucible and D the micro-burner 
for heating the crucible.^ When the 
mixture has been heated for about half 
an hour over a small flame — 9 mm. high 
and 6 mm. below the bottom of the 
crucible — remove the condenser and 
plate. Warm the plate a little and 
wipe off the wax. Clean the plate on 
both sides writh polishing powder which will not scratch the glass. Examine 
the plate by reflected light for any etching. A test should not be considered 
positive unless the cross can be seen from both sides of the glass.® 

^ Beeswax or, better, molt together equal weights of carnauba wax and paraffin wax, and 
thoroughly mix by stirring. 

* The marks are best made about 1 mm. wide and the two arms of the cross about 4 mm. 
long. The ends of the arms of the cross should be marked, on the uncoaied side of the glass 
with a scratching diamond or hie. 

® It is best to have everything in the crucible quite dry, since the etching is not always so 
well defined if moisture be present. 

* The sulphuric acid must be free from fluorides. This can be determined by a blank 
experiment. If fluorides be present, they can be removed by diluting the acid with water and 
evaporating down to its former volume. 

^ A shaving soap or similar container can easily be adapted for this purpose. 

« The etching is frequently done on the convex side of a waxed watch-glass and a little 
cold water is placed in the watch-glass to prevent the wax melting. 

’ It is advisable every now and again to put a couple of drops of water on the plate round 
the edge of the condenser to keep the wax from melting. 

* Sulphuric acid may corrode the glass so that the cross can be seen when the glass is 
breathed upon. The scouring with the polishing powder usually removes the sulphuric acid 
“stain.” 
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Woodman and Talbot^ state that their process, as described above, will give 
a recognisable test, that is, the cross will be visible from both sides of the 
plate, with 1 : 5,(X)0,000 parts of fluorine. The temperature is an important 
factor. Attempts have been made to estimate the amount of fluorine from 
the intensity of the etching, ^ and Woodman and Talbot obtained promising 
results by varying the temperature of the crucible. Thus: 


Table LXVII .- -Test Analyses for the Detection of Fluorine. 


Temperature. 

Distinguishes one part 
of fluorine per 

79- 82" 

25,000- 100, 0 (K) 

113" i 

100 , 000 - 1 , 000,000 

i:i 6 " 

1,000,000- 5,(K)0,(K)0 

173-178^ 1 

5,000, 000-25,000,(K)0 

213-218" 

25,000,000 or more 



This test is of very limited application so far as the silicate industries are 
concerned, because the complete absence of silica is essential if but small 
quantities of fluorine are in question.^ 

The Hanging Drop Test. — About half a gram of the thoroughly dried 
powder under investigation is well mixed with about 0*1 grin, of dried pre- 
cipitated silica and placed in the bottom of a test tube 
about 5 cm. long and 1 cm. wide. The test tube A 
(fiig. 153) is fitted with a one-hole rubber stopper, B. 

The stopper carries a piece of glass tubing, 0, closed at 
the upper end and inserted in the stopper so that the 
open end of the tube extends about 3 mm. below the 
stopper. The glass tubing C is nearly filled with two 
drops of water, Z), from a small pipette. The stopper 
and everything else inside the test tube must be quite 
dry. Pipette 1 or 2 c.c. of concentrated sulphuric acid 
into the test tube, and immediately insert the stopper 
without dislodging the drop of water in the little tube. 

Place the test tube in a beaker of water. Heat the water 
to boiling and, after 20- 30 minutes’ heating, if the 
substance contains appreciable quantities of fluorine, 
a heavy gelatinous ring of silicic acid will be found at 


Fig. 153.— Hanging 
Drop Test for Fluorides. 


^ A. G. Woodman and H. P. Talbot, Joum. Amer. Chem. Soc.^ 28 , 1437, 1906; 29 , 1362, 
1907; C. Blarez, Chem, News^ 91 , 39, 1905; A. E. Leach, Ann. Rep. Mass. State Board of 
Heatth, 36 , 309, 1905; G. W. M. WilUams, Chem. World, l, 255, 1912; B. Fetkenheuer, Wiss. 
veroffentl. Siemens- Konzern, x, (3), 177, 1922; S. K. Hagen, Mikrochem., 15 , 313, 1934; W. 
Partridge, Analyst, 44 , 234, 1919. 

* H. Ost, Beir., 26 , 152, 1893; but see O. Renner, Ueher die Bestimmung des Floors, Weida, 
i, Th., 1912; G. Forchhammer, Edin. Phil. Joum., 48 , 345, 1850; E. Oliver, Rev. universelle 
Mines, 14, 25, 1922; A. Mayerhofer and A. Wasitzky, Biochem. Zeit., 204 , 62, 1929; L. 
Fresenioa, K. Sohrdder and M. Frommes, Zeit. anal. Chem., 73 , 65, 1928; H. Spielhaczek, 
ib., xoo, 184, 1935. 

* For the speotrographic detection of fluorine, see J. Papish, L. E. Hoag and W. E. Snee, 
Ind. Eng. Chem. Anal. Ed., 2 , 263, 1930. For the detection of fluorine with ferric ferro- 
oyanide, see L. Kul’berg, Joum. Gen. Chem. {U.8.S.R.), 4 , 1440, 1934; by lanthanum, J. 
Fischer^ Zeit. anal. Chem., X04, 344» 1936; P. Giammarino, ib., xo8, 196, 1937. 
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the mouth of the little tube carrying the drop of water.^ With a little 
practice, or by conducting the test simultaneouvsly with powders containing 
known amounts of fluoride, a rough idea can be formed of how much fluorine 
is present, and whether the com))ound is worth a quantitative investigation 
by, say, Oettel and Hempers process (page 739). Carbonates should not be 
present, or the stopper may be blown from the tube or tlie tube burst. Hence, 
carbonates should be destroyed by calcination })efore the test is applied. 

De Boers Test , — The lakes formed between most metals and alizarin- 
sulphonic acid are discharged by an excess of hydroc.liloric acid, except 
that given by zirconium, which yields a reddish-violet solution. Fluorides 
convert this coloured solution into a yellow one by the removal of the zirconium 
as a complex fluoride and, according to de Boer, the reaction is so sensitive 
that it will detect one part of fluorine in a million of water.^ 

There are various ways in which the test is applied. Favelka uses test 
papers made by moistening filter-paper with basic zirconium chloride to which 
an excess of an alcoholic solution of alizarin has been added. The dry papers 
are moistened with one drop of 50 per cent, acetic acid and then one drop 
of the suspected solution is applied. In ihe presence of 0-0 1 mgrm. of fluorine, 
a yellow stain appears on the red paj)er. With insoluble fluorides, the j)owdered 
material is shaken with 5 c.c. of aqueous hydrochloric acid, containing 0-5 
to 1 grin, of borax, and a drop of the mixture is taken for the test. Alter- 
natively, the material is heated with silica and sulphuric acid and the test 
paper is held in the vapours. Alimarin ^ mixes ()-2 to 0*5 grrn. of the finely 
ground substance with 1 grin, of boric oxide and heats the mixture in a hard 
glass test tube, as in the Penfield water test (vsee page 641). If the substam^e 
contains fluorine, the liquid in the bulb will contain hydrofluoboric acid, 
HBF 4 , which is detected by its bleaching action on the zirconium lake either 
in solution ® or on test papers. This method is reported to detect 0‘(K)8 mgrm. 
of fluorine in 0*3 grm. of rock. Sulphuric, oxalic and phosphoric acids, and 
borates, interfere and strong oxidising agents must be reduced, or they will 
destroy the dye. Kolthoff and Stanby ® have developed the test so that as 
little as 0*005 mgrm. of fluorine can be detected in the presence of any metal 
or acid radical. A hard glass distillation flask of about 150 c.c. capacity is 


^ W. Kopp {Ber. Konig. tidchs, Ge^. Wiss.y 37, 1882) has modified the test. A small 
flask with exit tube is thoroughly dried, and a mixture of the finely powdered material with 
the precipitated silica is placed in the flask. Pour an excess of concentrated sulphuric acid 
into the flask. One end of a delivery tube is fitted to the flask, and the other end dipped 
into a small cylinder containing a decigram of colourless aniline (or ammonia) in 30 c.c. of 
water. Heat the flask to 50” or 60”. A white deposit about the part of the delivery tube 
which dips into the aniline indicates the presence of fluorine. The white glistening crystal- 
line solid — aniline silicofluoridc — which forms in the liquid may be digested with a solution 
of caustic soda in absolute alcohol and sodium silicofluoride will be formed. See also P. E. 
Browning, Amer. J. Science, (4), 32, 249, 1911 ; E. Hupp, Zeit. Nahr, Gennss., 22, 496, 1911; 
A. Sartori, Chem, Ztg., 36, 229, 1912; A. Kickton and W. Behncke, Zeit. Nahr, Genuss,^ 20, 
193, 1910; J. A. Reich, Chem, Ztg., 20, 985, 1896; W. Geilmann, Glaste^h, Ber., 9, 274, 1931; 
J. and R. Casares, Artal, Fis. Quim,, 28, 910, 1159, 1930. 

* J. H. de Boer, Chem. Weekb., 21, 404, 1924; Hec. Trav, chim., 44, 1071, 1925; 1. Stone, 
Joum. Chem. Educn., 8, 347, 1931; B. Koone, Chemist- Analyst, 20, No. 4, 14, 1931; I. M. 
Korenman, Zeit. anorg, allgem. Chem., 216, 33, 1933; R. Charonnet, Compi. rmd., 199, 1620, 
1934. For the detection of fluorine by mercuric succinimide and benzidine, see C. F. Miller, 
Chemist- Analyst, 26, 35, 1937. 

* F. Pavelka, Mikrochem., 6 , 149, 1928. 

* I. P. Alimarin, Zeit. anal. Chem., 81, 8, 1930. 

^ Mix 3 volumes of 0*4 per cent, zirconium nitrate solution with 2 volumes of a 0*4 per 
celiit. alcoholic solution of alizarin. 

« I. M. Kolthofl and M. E. Stanby, Ind. Chem. Anal. Ed., 6, 118, 1934. 
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used (fig. 154). It is closed by a ground glass cap carrying an inlet tube 
extending to the bottom of the flask and an exit tube the open end of which 
is sealed into a small test tube. The apparatus must 
be quite dry before use. The dry sample is placed in 
the flask, together with about 1 grm. of powdered 
quartz and 25 c.c. of concentrated sulphuric acid. 1 c.c. 
of purpuriu-zirconium reagent ^ is put into the small 
test tube. A current of air, dried by concentrated 
sulphuric acid, is passed through the flask, which is 
heated to 140° 150°, but no higher, in an oil bath. 

With decrea.sing quantities of fluorine, the reagent 
becomes yellow with incrcasiijg periods of heating as 
follows: — 

Fluorine, mgnns. , 1-0 0-1 0*05 0*03 0*01 0-(X)5 
Time, mins. . . 0*33 1 3 5 20 40 

§ 345. The Gravimetric Determination of 
Fluorine as Calcium Fluoride. 

The fluorides in many silicates are not decom})osed 
by digestion with sulphuric acid and, in consequence, « 

It IS necessary to get such fluorides into solution before and Stanb/s Apparatus, 
the analysis can be made. When much fluorine is present 

the silica must be determined by a special process, because part will be 
volatilised as silicon tetrafluoride when the aqueous extract of the sodium 
carbonate fusion is evaporated to dryness. 

According to Deville and Fouque,^ the loss on ignition can be determined 
without losing fluorine, since the decomposition of the calcium fluoride requires 
a higher temperature than for the expulsion of water.^ Alkali fluorides, 
however, volatilise at a comjiaratively low temperature. Thus, 0-549 grm. of 
sodium fluoride lost 0-4 per cent, in weight when heated for about 6 minutes 
in the full flame of a Bunsen burner and 0-2714 grm. lost 1*4 per cent, in 
weight under the same conditions, while no appreciable loss could be detected 
after heating 15 minutes with the flame just sufficient to redden the bottom 
of the platinum crucible.^ 

The methods for the isolation of the fluorides are rather tedious.® That 
commonly used is based upon one jiroposed by Berzelius and Rose.® The 


^ PiTRPiTRiN-ZiKCosiUM Heagent. — Dissolvc 0-16 grm. of zircouium oxycliloride in 
100 c.c. of concentrated hydrochloric acid and dilute with an equal volume of water. Now 
dissolve 0-009 grm. of purpurin (1 : 2 : 4-trihydroxyanthraquinone) in 30 c.c. of ethyl alcohol 
and add this solution slowly, to the zirconium oxychloride solution (not vice t^ersa). Add to 
the mixture a further 620 c.c. of concentrated hydrochloric acid and dilute to l(KK) c.c. 
Stand overnight before use; the solution will keep for about a month. 

* H. St 0. Deville and F. Fouque, CompL rend., 38 , 317, 1854. 8 ee footnote 6 , page 727. 

* If there is any danger of loss of fluorine during ignition, G. Tammann {Zeit. amiL Chem,, 
24 , 343, 1885) recommends adding a large excess of sodium carbonate or barium hydroxide. 

* S. Waldbott, Journ. Amer, Chem. xS'oc,, 16 , 418, 1894. 

® For a review of methods for the determination of fluorine, see M. Frommes, Zeit. anal. 
Chem., 96 , 211, 1934; 99 , 301, 1934; C. R. Wagner and W. H. Ross, Journ. Ind. Eng. 
Chem., 9 , 1110, 1917. 

* J. J. Bcirzelius, Pogg. Ann., i, 169, 1824; H. Rose, ib., 79 , 112 , 1850; T. M. Chatard, 
Tram. Amer. Inst. Min. Eng., 21 , 170, 1892-3; F. Wyatt, The PhcMpkateM of America, New 
York, 149, 1892; T. Korovaeff, Journ. prnkt. Che.m., ( 1 ), 85 , 442, 1862; P. Jannasch, Neues 
Jahr. Min., 2 , 123, 1883; A. A. Koch, Journ. Amer. Chem. 80 c., 29 , 1126, 1907; W. F. 
Hillebrand, Bull. U. 8 . Oeol. Sur,, 700 , 222 , 1919; L. Fricke, StaM Eisen, 24 , 889, 4904; 
B. Zdarck, Zeit. physiol. Chem., 69 , 127, 1910; K. Daniel, Zeit. anorg. Chem., 38 , 257, 1904; 
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compound is decomposed by fusion with alkali carbonate — with or without 
silica. Silica and the bases are precipitated from the solution of the fused 
cake with ammonium carbonate, ammoniacal zinc oxide (Berzelius’ solution) 
or ammoniacal mercuric oxide (Seemann’s solution) and from the resulting 
solution, calcium or barium fluoride, together with the oxalate, sulphate or 
carbonate, are precipitated. In the latter case the carbonate is removed by 
acetic acid and calcium fluoride remains.^ 

The First Silica Precipitation. — Two grams of the uiicalcined silicate are 
fused in a platinum crucible with about 12 grms. of sodium carbonate ^ without 
the blast.® The resulting cake is leached with water, filtered (filtrate A) and 
washed. Some of the silica, sodium zircoiiate, barium and calcium carbonates, 
if present, remain on the fllter-paper.^ The insoluble residue is rinsed into 
a basin and boiled for a few minutes with 50 c.c. of 5 per cent, sodium car- 
bonate solution to extract the remainder of the fluorine from it. The residue 
is again filtered off and washed free from alkali with hot water. The filtrate is 
added to filtrate A. A hole is poked through the filter-paper and the residue ® 
washed into an evaporating basin with hot 10 per cent, hydrochloric acid. 
The paper is washed free from chlorides and is reserved, together with the 
acid solution (solution X), for the determination of silica and bases. 

The Second Silica Precipitation. — Filtrate A and washings contain the 
fluorine as alkali fluoride, the remainder of the silica and also alumina, if 
present. Introduce 10 grms. of solid ammonium carbonate and digest the 
mixture for about 12 hours at about 40° to 50°, whereby the alumina and a 
further quantity of the silica are precipitated.® Filter and wash the pre- 
cipitate with aqueous ammonium carbonate. The filtrate (filtrate B) still 
contains some silica. The precipitate is dissolved off the paper with hot 
hydrochloric acid solution and the paper washed free from chlorides. The 
paper is retained and the acid solution and washings are added to solution X. 

The Third Silica Precipitation. — Evaporate filtrate B to dryness on a 
water bath; digest the residue with a little water and cool. Add two drops 

F. P. Treadwell and A. A. Koch, Zeit. anal. Chem., 43, 469, 1904; W. H. Adolph, Journ. 
Amer. Chem. Soc., 37, 2500, 1915; P. Urech, Chem. Zig., 86, 855, 1933; L. Graber, /rwy. chim., 
17, 123, 1929; M. Karasinski, BuU. intern. Acad. Polonaise^ 2A, 143, 1931; Ann. Rep. Pro- 
gress. Chem., 23, 196, 1927; G. A. 8huey, Journ. Assoc. Off. Agr. Chem., ii, 147, 1928; P. 
Deceuleneer, Ing. chim., 18, 78, 1934. 

^ Small amounts of fluorine can be determined colorimetrically with advantage — page 735. 

* Calcium fluoride cannot be completely decomposed by fusion with sodium carbonate, 
but the decomposition is complete if the fluoride be mixed with silica or a silicate, whereby 
a double sodium calcium silicate is formed. To avoid frothing, the silica and sodium car- 
bonate may be fused beforehand — P. Fuchs, Chem. Erde, 5, 99, 1930. Hence, if the fluorides 
be high and the silica low, the addition of 3 grms. of silica is recommended to ensure complete 
decomposition (page 740). This is not usually needed for Cornish stone, nor for glazes. 

’ G. Forchhammer stated that all the fluorine is not obtained by melting silicates, e.g. 
topaz or tourmaline, with sodium carbonate; and St&deler states that if the lid be removed 
during the fusion there will be a loss of fluorine {Journ. prakt. Chem., (1), 99, 66, 1866). 

* If sulphur and chlorine are to be determined, the solution from the fused cake can be 
made up to 250 c.c. Take 60 c.c. for the sulphur, 100 c.c. for the fluorine and 100 c.c. for 
the chlorine. But the solutions may be so dilute that it may be advisable to use a separate 
sample for these determinations rather than take a correspondingly greater amount of the 
original sample for this fusion. 

» W. H. Adolph {Journ. Amer. Chem. Soc., 37, 2500, 1915) recommends a second fusion 
of the residue to extract the last traces of fluorine from it. 

* J. I. Hoffman and G. £. F. LundeU (Bur. Standards Journ. Research, 3, 581, 1929) 
say that the precipitation of* silica at this stage is aided by adding a nitric acid solution of 
zinc nitrate until the concentration of sodium carbonate has been reduced to about 1 per cent. 

7 The liquid is inclined to froth and spit during the evaporation. Hence, the dish must 
be covered by a clock-glass until all the ammonium carbonate has been decomposed. Then 
remove the clock-glass and rinse its under side into the basin. 
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of methyl red indicator and run in from a burette 2N‘-nitric acid until the 
indicator begins to change colour. Boil off the dissolved carbon dioxide and 
cool; now add more nitric acid until, on heating, the yellow colour of the 
indicator does not return. Add, say, 5 c.c. of Seeniann’s solution ^ and 
evaporate the mixture until the smell of ammonia has disappeared. The 
precipitate, consisting of traces of silica and mercuric oxide, ^ is filtered oif 
(filtrate C) and washed with water. The precipitate and filter-paper are 
retained. 

The Precipitalion of the Fluoride as Calcium Fluoride. — Add nitric acid to 
filtrate G and washings until the alkali carbonate is nearly decomposed. If 
too much acid be run in, a little more sodium carbonate must be added, so 
that the solution is distinctly alkaline. Boil with a large excess of an aqueous 
solution of calcium chloride.^ Calcium carbonate and fluoride are precipitated.^ 

The Removal of Calcium Carbonate. — Collect the precipitate on a filter- 
paper,^ wash with hot water, dry and ignite slowly to faint redness,® in a 
platinum basin.’ Cover the basin with a clock-glass and introduce tlirough 


^ Seemann’s Solt^tion. — Mercuric oxide is precipitated by adding an aqueous solution 
of sodium hydroxide to a hot saturated solution of mercuric chloride. The precipitate is 
washed with hot water until a portion of it volatilises on platinum foil without residue. About 
20 grms. of moist mercuric oxide, freshly prepared as above, is dissolved to saturation in 
a litre of SchafFgotsch’s solution, made by dissolving 230 grms. of ammonium carbonate 
in 180 c.c. of ammonia solution (sp. gr. 0*92) and diluting to 3000 c.c. — F. Seemann, Zeit. 
awil Chfim.f 44, 343, 1905, 

Berzelius* Solution. — A solution of ammonio-zinc oxide, as originally recommended by 
J. fJ. Berzelius (/.c.), is sometimes used instead. Precipitate an aqueous solution of pure 
zinc sulphate with caustic potash. Filter, wash by decantation and dissolve the precipitate 
in ammonia — M. Kleinstiick, ZeAt. anal. Chem., 50, 697, 1911; J. I. Hoffman and G. E. F. 
Lundell, Bvr. Standards Journ. Re^earch^ 3, 581, 1929. 

* And phosphate, if all was not precipitated with the alumina. Test with a solution of 
ammonium molybdate. If phosphorus be present, add an excess of silver nitrate solution. 
This precipitates silver phosphate and carbonate. Warm the solution in order to coagulate 
the precipitate and filter. Precipitate the excess of silver nitrate with an aqueous solution 
of sodium chloride (2E). Boil the solution to coagulate the silver chloride and filter. Add a 
little sodium carbonate until the solution reacts alkaline. The same procedure removes any 
chromate as silver chromate — W. F. Hillebrand, Bull. TJ.S. Gcol. Sur., 700, 223, 1919. 

® Calcium Chloride Solution, — Dissolve 21 *9 grms. of the crystalline salt (CaClg . bHgO) 
in 100 c.c. of water (2E). 

* G. Starck and E. Thorin {Zeit. anal. Chem., 51, 14, 1912) add a known amount of oxalic 
acid and precipitate the fluorine with calcium oxalate by the addition of calcium chloride in 
a solution slightly acidified with acetic acid. The precipitate is filtered on asbestos, dried at 
210° and weighed. The calculated amount of calcium oxalate is deduced and the difference 
represents calcium fluoride. Sec also W. W. Scott, Ind. Eng. Chem.y 16, 703, 1924; F. A. 
Gooch and M. Kobayashi, Amer. Joum. ScA., (4), 45, 370, 1918. 

^ Calcium fluoride alone gives a slimy precipitate which is very difficult to filter, but in 
the presence of calcium oxalate or carbonate it filters better. G. G. Kandilarow (Bcr., 61 B, 
1667, 1928) recommends the use of membrane filters; P. Mougnaud {Compt. rend.t 194, 
1507, 1932) finds that calcium fluoride can be washed completely and rapidly by centri- 
fuging, and iS. G. Clarke and W. N. Bradshaw {Analyst, 57, 138, 1932) say that calcium 
fluoride can be precipitated and filtered without difficulty, even in the absence of co-pre- 
cipitates, if an excess of calcium chloride and filter-paper pulp be used. 

* A slight loss of fluorine may occur by ignition of the filter-paper in contact with calcium 
fluoride. G. Tammann, Zeit. anal. Chem., 24, 328, 1885; W. F. Hillebrand, Bull. U.8. Oeol. 
Sur., 700, 225, 1919. W. Hempel {Oasancdytische Methoden, Braimschweig, 347, 1900) 
found that 1*5 grms. heated 16 minutes at 1000° lost 0 019 grm.; and at a dull red heat, 
0*006 grm. F. Seemann {Zeit. anal. Chem., 44, 343, 1906) noticed a loss of 0 0(X)8 grm. 
when a gram was heated over a Teclu’s burner at 1000°; and F. P. Treadwell and A. A. 
Koch (Zeit. anal. Chem., 43, 469, 1904) found a loss of 0 0002 grm. after ignition for 10 minutes 
over a Teolu’s burner, and 0*0009 grm. after half an hour’s heating. P. Mougnaud {Compt. 
rend., 1733, 1931) says that calcium fluoride is stable in a covered crucible up to 800°. 

’ Instead of carrying this process any further, we may proceed to § 348, page 731. 
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a pipette, dilute acetic acid ^ in excess of that needed to dissolve the calcium 
carbonate. Heat the covered basin on a water bath until effervescence 
ceases, then remove the clock-glass, rinse its under side into the basin and 
evaporate to dryness. Digest the residue in water very slightly acidulated 
with acetic acid.^ Filter and wash as before, the filtrate being retained. 
The digestion with the weak acetic acid solution may be repeated, particularly 
if much fluorine be present, to ensure that the last traces of soluble calcium 
compounds have been removed; the filtrate is again retained.’** The complete 
removal of calcium oxide and carbonate is shown by the absence of residue 
when a dro]) or two of the filtrate is evaporated to dryness on a piece of 
platinum foil. The last filter-paper containing the precipitated calcium 
fluoride is ignited gently to faint redness in a platinum crucible — this tempera- 
ture just suffices to burn off the filter-paper — the crucible and contents are 
then vreighed. 

Owning to the solubility of calcium fluoride in acetic acid and to the possible 
loss of hydrofluoric acid when calcium fluoride is evaporated in contact with 
acetic acid, the following modification has been proposed The solution of 
the alkali fluoride, after neutralisation with nitric acid, is made slightly 
ammoniacal and then calcium fluoride is precipitated by the addition of an 
excess of an aqueous solution of calcium chloride. The precipitate is filtered 
off® and washed with a hot aqueous solution of ammonia xintil free from 
chlorides. 

Verification of the Result: That the precipitate is really calcium fluoride 
should be confirmed hy converting the calcium fluoride into calcium sulphate 
by the addition, drop hy drop, of concentrated sulj)huric acid. Drive ofl’ the 
excess of acid by evaporation and test the fumes for hydrogen fluoride by 
means of a greased glass plate in the usual manner. (.Tiradually raise the 
temperature to a red heat. (W1 and weigh. One gram of C’aFg should give 
1-7436 grins. Ca804. If the weights are not concordant, as they rarely are, 
the impurity may be silica, calcium silicate or calcium phosphate arising from 
the imperfect separation of silica and phosjihorus, or it may be calcium 
sulphate which has not been washed out of the precipitate. Phosphates can 
be detected by the molybdate reaction in the hot nitric acid solution of the 
precipitate, but it is not easy to decide whether the impurity be calcium 
silicate or silica. If j)hosphate and silicate be present, these may be de- 

’ If the precipitate were treated directly with the acetic acid, without the preliminary 
ignition, the proper washing of the fluoride would be extremely difficult. 

* iS, L. Penficld and J. 0. Minor, Amer. J, Scimee,, (3), 47 , 389, 1894; W. F. Hillebrand, 
Bull. U.B, Geol. Bur., 700 , 22.'5, 1919; F. P. Treadwell and A. A. Koch, Zeit. anal. Chern.. 
43 , 469, 1904; 0. Kallauner and K. Kura§, Z'prdvy Ceskodov. Kerarn. Bpole., ii, 24, 1934; 
Chem. Zmtr., (2), 2865, 1935. According to Treadwell and Koch (f.c.), the loss of calcium 
fluoride per 100 c.c. of wash-water is about 0-0015 grm. With a one-gram sample, therefore, 
from 0*04-0*05 per cent, of fluorine will entirely escape observation — W. F. Hillebrand (Lc,). 
For the solubility of calcium fluoride in water and in acetic acid, see also P. Mougnaud, Compi. 
rend., 192 , 1733, 1931; L. Duparc, P. Wenger and G. Gra/., Helv. Chim. Acta, 8 , 280, 1925. 
Calcium fluoride is not attacked by lactic, butyric, tartaric, citric, formic, salicylic or l^nssoic 
acid; the alkali fluorides are — P. A. E. Richards, Analyd, 39 , 248, 1914. For the colloidal 
properties of calcium fluoride, see E. Patemo and E. Mazzucchelli, Atti Ji. Accad. Lincei, 
12 , ii, 420, 520, 1903. 

® Since the last traces of silica may have escaped precipitation, these two filtrates are 
combined and the silica in them determined by evaporation to dryness with hydrochloric acid. 
The weight of the silica thus obtained is added to the weight of that separated from solution X. 

* E. Carriere and Rouanet, Compi. rend., 189 , 1281, 1929; E. Carri^re and Janssens, 
ib., 190 , 1127, 1930; 193 , 490, 1931 ; cf. S. G. Clarke and W. N. Bradshaw, Analyst, 57 , 138, 
1932; P. Mougnaud, Compi. rend., 194 , 1507, 1932; D. J. Pflaum and H. H. Wenzke, Ind. 
Ung. Chem. Anal. Ed., 4 , 392, 1932; F. L. Hahn, Zeit. anal. Chem., 69 , 386, 1926. 

® See footnote 6 , page 727. 
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composed by the sulphuric acid treatment, but if the impurity i» silica or 
calcium sulphate no decomposition will result and it is possible to calculate 
the amount of cahsium fluoride from the observed increase in weight. From 
the equation 

CaFg + H2SO4 - OaSO^ + 2HF 

an increase in weight of 58-06 grins, corresponds to the conversion of 78*08 
grins, of calcium fluoride into 136-14 grms. of calcium sulphate. Hence an 
increase in weight of iv grins., obtained by the action of sulphuric acid on 
the sam])le, represents l-3448?v; grm. of calcium fluoride or 0*65453i^ grni. of 
fluorine. In illustration, 

Calcium fluoride (found) .... 0-0426 grm. 

Calcium sulphate (found) .... 0-0724 grm. 

Calcium sulphate (theory) .... 0-0743 grm. 

No phosphates or silicates were present. Hence, it is assumed that the 
impurity was calcium sulphate not perfectly washed away. Consequently, 
the amount of fluorine in the 2 grm. sample is 0*65453 x (0-0724 - 0*0426) == 
0-0195 grm. Hence, the samyile has 0*975 per cent, of fluorine; or, 2-00 per 
cent, of calcium fluoride. 

Errors . — Owing to the relatively small amounts of fluorine usually present 
in natural silicates, great care must be taken to prevent, as far as possible, 
any contamination of the calcium fluoride. The chief sources of error are: 
(1) loss of fluorides owing to adsoqition by the voluminous “silica” pre- 
ci})itates^; (2) the solubility of calcium fluoride in water and acetic acid; 
(3) loss of calcium fluoride by volatilisation, particularly in contact with the 
filter- papers; and (4) the contamination of the preci])itated calcium fluoride 
with phosphates, silica, calcium silicate or calcium sulphate. 

Correct km of the Analysis '' TofaC\for Fluorine . — In summing up the 
results of a silicate analysis which includes appreciable amounts of fluorine 
or chlorine, the sum of the constituents will exceed the limit “100^0-5.” 
This is due to the fact that the bases have been calculated as oxides when 
some of the bases were really present as fluorides or silicofluorides. For 
instance, a translucent white glass gave on analysis 

SiOji AljOa MnO ZnO MgO CaO NajO F 

64-8 9-3 M 7-0 0-2 1-9 10-8 8-1 

The total reaches 103-2, But 38 grins, of fluorine are equivalent to 16 grms. 
of oxygen, or 1 grm. of fluorine is equivalent to 0*42105 grm. of oxygen. 
Consequently 8-1 grms. of fluorine are equivalent to 8-1 x 0-421 ==3-4 grms. of 
oxygen. Hence, we append to the statement: “Total, 103*2,” “less 3-4 per 
cent, of oxygen, corresponding with 8-1 per cent, of fluorine.” 

§ 346. Determination of Fluorine as Lead Chlorofluoride. 
Starck’s Process. 

In 1911 Starck proposed to determine fluorine by precipitation as lead 
chlorofluoride,* PbClF. This salt has a solubility in water of 0*325 grm. per 


1 Hence, some recommend collecting the different “silica’’ precipitates, igniting and 
again fusing the residue with sodium carbonate. See footnote 5, page 726. 

* '‘Alumina” in the analysis includes ferric oxide. 

» G. Starck, Zeil. (inorg. Chem.y 70 , 173, 1911; W. H. Adolph, Joum. Amer. Ohem. Soc., 
37 , 2ff00, 2915; L D. Hammond, hid. Vhem., 16 , 938, 1924; F. G. Hawley, * 6 ., 18 , 
673, 1926; D. S. Reynolds and K. D. Jacob, t 6 ., AwiL Ed., 3 , 366, 1931; J, I. Hoffman and 
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litre; its solubility is increased in the presence of hydrochloric and acetic 
acids, but it is almost insoluble in dilute solutions of lead chloride. 

Filtrate C and washings, obtained as described in §345, are used for the 
determination.^ Various procedures have been recommended; that adopted 
by Hoffman and Lundell, with slight modification, is as follows: — Dilute 
the solution to 250 c.c., add 3 c.c. of a 10 per cent, solution of sodium chloride 
and two drops of bromophenol blue indicator. Run dilute nitric acid into the 
solution until its colour changes to yellow. Heat to boiling to expel carbon 
dioxide, cool and then add dilute sodium hydroxide solution until the colour 
changes to blue. Now add 2 c.c. of hydrochloric acid (1 : 1) and 5 grms. of 
pure lead nitrate. Heat the mixture on a water bath until the lead nitrate 
has dissolved, then add 5 grms. of pure crystalline sodium acetate. Stir well, 
digest on a water bath for 30 minutes with occasional stirring and stand 
overnight in the cold. 

Gravimetric Determination , — The solution is filtered through a Gooch 
crucible which has been dried at 150^ and weighed. The precipitate is 
transferred to the crucible, washed four or five times with a cold saturated 
solution of lead chlorofluoride ^ and finally washed with a little cold water. 
The crucible and contents are dried for 2 hours at 150° and again weighed. 
Lead chlorofluoride contains 7*261 per cent, of fluorine.^ 

Volumetric Determination.— Thd solution is filtered through a fine grade 
gravimetric paper and the precipitate washed as above. The paper and 
precipitate are transferred to the beaker in which the precipitation was made 
and digested with 1(X) c.c. of 5 per cent, nitric acid until the precipitate has 
dissolved and the paper has been reduced to pulp. A measured excess of 
0*2N‘8ilver nitrate solution is added and the mixture digested for 30 minutes 
on a water bath. After cooling in the dark to room temperature, filter, wash 
and determine the silver in the filtrate by Volhard’s process, page 65. Each 
c.c. of 0*2N-silver nitrate used in reacting with the lead chlorofluoride 
represents 0*0038 grm. of fluorine. 

Errors . — If the original solution contains sulphates, chromates or phos- 
j)hates, or carbonates, due to the incomplete expulsion of carbon dioxide, the 
corresponding lead salts will be wholly or partially precipitated with the lead 
chlorofluoride. In these circumstances the gravimetric process will be vitiated 
but, unless these precipitates carry down chlorides with them, they will have 
no harmful effect in small amounts on the volumetric process. 


G. E. F. Lundell, JJ.8. Bur. Staridarda Jornn. Research, 3, 581, 1929; I. Tananaev, Zeit. 
anal. Chem,, 99, 21, 1934; A. A, Vasil’ev, Joum. App. Chem. (U.8.S.E.), 9, 747, 943, 1936; 
F. Specht, Zeit. anorg. allgein. Chem., 231, 181, 1937. The process has been adversely 
reported on by S. G. Clarke and W. N. Bradshaw, Analyst, 57, 138, 1932; J. Fischer and 

H. Peisker, Zeit. anal. Chem., 95, 225, 1933 ; F. J. Frere, Ind. Eng. Chem. Anal. Ed., 5, 17, 1933. 
* The solution should contain, preferably, from 0*01 to 0*1 grm. of fluorine. If more 

than about 10 grms. of sodium salts are present the results tend to be low. 

Make two solutions as follows: — (1) 10 grms. of lea<l nitrate in 200 c.c. of water, and (2) 
1 ^m. of sodium fluoride in 100 c.c. of water and 2 c.c. of concentrated hydrochloric acid. 
Mix the two solutions, allow the precipitate to settle and wash it by decantation four or five 
times with 200 c.c. of water. Add to the precipitate 1 litre of cold water and stand for 
1 hour, with occasional shaking. Filter and use the filtrate. The residue can be used for 
preparing fresh supplies of wash liquor. 

® For the gravimetric determination of fluorine as thorium fluoride, see E. Deladier, 
Chem. WeM., 1, 324, 1904; Ch&m. Zentr., (2), 1104, 1904; F, Pisani, Compt. rend., 162, 
791, 1916; F. A. Gooch and M. Kobayashi, Amer. Joum. 8t%., (4), 45, 370, 1918; as lanthanum 
fluoride, R. J. Meyer and W. Schutz, Zeit. angew. Chem., 38, ^3, 1925; A. Mayerhofer, 
0. Schneider and A. Wasitzky, Biochem. Zeit., 251, 70, 1932; as triphenyi tin fluoride, N. 
Allen and N. H, Furman, Joum* Amefn Chem. 8oc^ 54, 4625, 1932. 
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§ 347, The Determination of Silica in the Presence of Fluorides. 

For reasons stated on page 151, the silica cannot be properly determined 
by the method of page 1 47 when fluorides are present, but it can be determined 
in the by-products of the fluorine determination, namely, the three precipitates 
indicated on pages 72G and 727. The three filter-papers, obtained in the silica 
separations, are ignited in a platinum crucible and the ashes added to solution 
X. 10 c.c. of concentrated hydrochloric acid are added and the solution 
evaporated to dryness on a water bath. The silica is recovered in the usual 
way. The mercury volatilises on ignition. The alumina, titanic oxide, ferric 
oxide, magnesia and limc^ can be determined separately in another portion 
of the silicate decomposed by the hydrofluoric acid treatment, or in the 
filtrate from the silica. ^ 

Schrenk and Ode ® have shown that silica can be accurately determined 
in the presence of fluorspar as follows: Half a gram of the finely ground 
sample is digested in a hard glass beaker with 15 c.c. of 20 per cent, perchloric 
acid, previously saturated with boric acid at 50°, until fumes of perchloric 
acid have been evolved for 5 minutes. A few c.c. of water are added and the 
fuming repeated for another 5 minutes. 75 c.c. of water are then added, the 
solution heated and the insoluble residue filtered ofi‘. The residue and filter- 
paper are washed with dilute perchloric acid and finally with hot water until 
the washings give no precipitate with ammonium oxalate. The insoluble 
residue is ignited and the silica in it determined by the loss in weight after 
evaporation with hydrofluoric acid. 

§ 348. The Gravimetric Determination of Fluorine as 
Potassium Fluosilicate. 

In Carnot’s process ^ for the determination of fluoride, the silicate is digested 
with sulphuric acid, and the silicon tetrafluoride is passed into an aqueous 

^ In glazes, the lead, tin, etc., can l>e conveniently determined in a portion decomposed 
with sulphuric and hydrofluoric acids. 

* H. Gilbert, Corresp. IVr. anul. Chem.^ 3 , 1, 1880. For the determination of silica in 
the presence of fluorine and in fluorine minerals, see H. Fresenius and E. Hintz, Zeit. anal. 
Chem., 28 , 324, 1889; d. Loezka, t7>., 49 , 328, 1910; \V. F. Hillebrand, Bull. U.B. Grol. Survey, 
700 , 226, 1919; A. Stadeler, Stahl Eiffen, 47 , 662, 1927; H. Diibiel, Oester. Chem. Ztg., 29 , 
174, 1926; d. 1. Hoffman and G. E. F. Lundell, Bur. Standards Journ. Research, 3 , .581, 
1929; W. L. Hill and K. D. dacob, Journ. Assoc. Official Agr. Chem., 13 , 112, 1930; K. M. 
Timofeyuk, Zavadskaya Ixib., 3 , 19, 1933. Compare A. Travers, Compt. rend., 185 , 893, 
1927. 

* W. T. Schrenk and W. H. Ode, Jnd. Eng. Chem. Anal. Ed., i, 201, 3929. F. Specht 
(Zeit. anorg. allgem. Chem., 231 , 181, 1937) fuses up with boric acid to expel hydrofluoric 
acid, extracts the melt with water and removes excess of boric acid by evaporation below 
the boiling-point, after adding a solution of methyl chloride in methyl alcohol. 

* A. Carnot, Ann. Mines, (9), 3 , 138, 1893; Compt. rend., 114 , 750, 1892; Bull. Soc. 
chitn., (3), 9 , 71, 1893; H. Lasno, ib., (2), 50 , 167, 3888; Ann. Chim. anal., 2 , 161, 182, 1897; 
E. Coutal, ib., 2 , 401, 1897; A. Liversidge, Chem. News, 24 , 226, 1871 ; G. Harker, ib., 82 , 56, 
64, 1900; J. Schuch, Zeit. Landw. Vers. Wes. Ost., 9 , 531, 1904; A. Kiipffer, Archiv Nat. 
Liv. Est. Kurlands, (1), 5 , 114, 1874; W. E. Burk, Journ. Arner. Chem. Soc., 23 , 825, 1901; 
P, Jannasch and A. lidntgen, Zeit. anorg. Ck-em., 9 , 267, 1896; K. Daniel, ib., 38 , 257, 1904; 
A. Hilemann, ib., 51 , 162, 1906; J. M. van Bemraelen, ib., 15 , 84, 1897; F. Bullnheimer, 
Zeit. angew. Chem., 14 , 101, 1901; E. Prost and F. Balthaser. ib., 14 , 292, 1901; Bull. Assoc. 
Belg. Chim., 13 , 453, 1899; H. von Kobell, Journ. prakt. Chem., (1), 92 , 385, 1864; F. Stolba, 
ib., <1), 89 , 129, 1863; F. WOhler, Pogg. Ann., 48 , 87, 1839; d. Brandi, Liebig's Ann., 213 , 
1 , ihsi; H. Schiff, Lidtig's Ann. Suppl., 4 , 27, 1865; R. Fresenius, Anleitung zur quanti- 
UUiiten chemischen Analyse, Braunschweig, x, 431, 1875; Zeit. anal. Chem., 5 , 190, 1866; 
S. Bein, ib., 26 , 733, 1887; E. Wrampelmeyer, ib., 32 , 550, 1893; J. Casares, ib., 34 , 546, 
1895; 44 , 729, 1905; Anal. Pis. Quim., 27 , 290, 1929; A. Gautier and P. Clausmann, Compt. 
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solution of potassium fluoride, and finally weighed as potassium fluosilicate. 
Carnot’s process is thus based upon older methods by Fresenius, and by 
Wohler. The method gives good results with many of the natural fluorides 
used industrially, and also with slags and frits. All these are supposed to 
be decomposed by hot concentrated sulphuric acid.^ Daniel considers that 
methods depending on the volatilisation of silicon tetrafluoride are not reliable 
if amorphous silica, or silicates, be present, because a non-volatile fluoride 
may be formed which leads to low results.^ On the other hand, Classen * 
actually recommends: “One part of powdered quartz and 0*5 part of pre- 
cipitated silica is to be intimately mixed in an agate mortar with the sulbstance 
to be analysed.” If there be any reason to suspect low results from the cause 
indicated by Daniel, the silicate can be treated as described in the preceding 
section. When all the silica has been separated, and the precipitate containing 
calcium fluoride and carbonate has been ignited, the mixture, if desired, can 
be treated by Carnot’s process as follows. 

The Preparation of the Substance for A nalysis. — 2 grams of the finely ground 
substance under investigation are mixed with twice their own weight of finely 
ground, dry, quartz sand,^ or rock crystal. If the sample contains other 
than about 0*1 grin, of fluorine, a proportionally less or greater amount than 
2 grins, may be taken. 

Fitting-up the Apparatus.^ — The mixture is placed in an Erlenmeyer’s flask 
of about 150 or 250 c.c. capacity {A, fig. 155). The flask is closed with a 
three-hole rubber stopper and connected with the system shown in the 
diagram. A Walter’s gas-washing bottle ’ 0, charged with concentrated 
sulphuric acid, is also fitted with a tube fi, charged with soda lime. The 
former is connected with the flask containing the substance under investigation 
by means of a tube extending to the bottom of the Erlenmeyer’s flask, A. 
The flask A is fitted with a stoppered funnel I) and is also connected to an 
Einmerling’s or similar drying tube E, packed with glass beads, in order to 

retid,, 154, 1469, 1912; H, A. Weber, Centr. Min., 2, 504, 1902; 1. Tananaev, Journ. App. 
Cham. (U.S.iS.lt.), 5, 8114, 19:12; N. 1. Sinitzuin and V. G. Feigman, ih., 8, 152, 1935; P. 
Deceulenecr, Ing. chifn., 18, 78, 1934; D. 8. Reynolds, W. H. Ross and K. D. Jacob, Journ. 
Asaoc. Official Agr. Chem., ii, 225, 1928; W. D. Armstrong, Ind. Eng. Chem. Anal. Ed., 5, 
315, 19:13 ; G. R. Sharpless and E. V. McCollum, Journ. Nutrition, 6, 163, 1933. 

^ For ixirchloric acid, see H. H. Willard and O. B. Winter, Ind. Eng. Chem. Anal. Ed., 5, 
8, 1933. 

2 K. Daniel (l.c.); D. 8. Reynolds and K. D. Jacob (Ind. Eng. Chem. Anal. Ed., 3, 371, 
1931) also condemn silica gel and the presence of silicates decomposable by sulphuric acid. 
They recommend quartz. See also 8, N. Rozanov and V. A. Kazarinova, Trans. Set. Inst. 
Fertilisers (Moscow), 113, 96, 1933; 8. N. Rozanov, Zavodakuya Lab., 3, 791, 1934; L. Szeg5 
and B. Cassoni, Giorn. Chim. hid. Appl., 15, 599, 1933. H. Horlemont and J. Delabre (Compt. 
rend., 196, 1502, 1933) say that the use of ferrosilicon with 75 per cent, of silicon gives much 
better results than quart-z. 

* A. Classen, Ausgewdhlic Methoden der analytischen Chemie, Braunschweig, 2, 430, 1903. 

* The quartz sand should be moistened with sulphuric acid, and calcined to remove 
organic matter, or treated by Hempel’s process of purification (footnote 1, page 740). 

* For example, 0*2 grm. of fluorspar or cryolite will suffice; 2 grms. of mineral phosphates 
containing from 2 to 3 per cent, of fluorine; and 5 grms. of bone ash with about 0*2 per cent, 
of fluorine can be taken for the analysis. If the silica and alumina are not to be determined, 
the preliminary treatment with Seemann’s solution may not be needed. The ammonia 
must, however, be eliminated. If the fluorides are completely decomposed by sulphuric 
acid, the treatment with sodium carbonate may be omitted if the silica is not to be determined. 

® For alternative forms of distillation apparatus, see D. 8. Reynolds, W. H. Ross and " 
K. D, Jacob, Journ. Assoc. Official Agr. Chem., xi, 225, 1928; W. F. Hillebrand and G. E. 
F. Lundell, Applied Inorganic Analysis, New York, 599, 1929. W. D. Armstrong (Ind. 
Eng. Chem. Anal. Ed., 5, 315, 1933) has evolved an apparatus in which all gas-sorubbing 
devices are eliminated, the fluorine being determined colorimetrically. 

’ J. Walter, Dingier' s Jowm., 251, 367, 1884. 
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remove any acid vapours which might rise from the flask. The Emmerling’s 
tube is in turn connected with a tube JF, drawn out at one end. This dips 
2 or 3 mm. beneath the surface of 10 c.c. of mercury contained in a small 
cylindrical vessel closed by a two-hole rubber stopper (6r, flg. 155). This 



Fio. 155. — The Determination of Fluorine as Potassium Fluosilicato. 

vessel is shown enlarged in the sectional diagram, fig. 156. 
contains about 20 c.c. of a neutral solution of potassium 
fluoride ^ — 20-25 per cent. 

The utmost care must be taken that all the glass parts 
between B and G be thoroughly dried. Failure to remove 
the last traces of adsorbed moisture from the walls of the 
system inevitably leads to low results. ^ The drying is best 
effected by aspirating a current of dry air through the 
apparatus while the different parts are warmed. 

The Decomposition of the Flmride . — Add 40 c.c. of 98 to 
98*5 per cent, sulphuric acid® to the flask A by means of 
the funnel D. Aspirate a current of air through the system 
so that about one bubble per second rises through the 


^ Potassium Fluoride Solution. — Commercial potassium fluoride is generally acid and 
attacks glass. To prepare this for the work, dissolve 25 grms. in 80 c.c. of distilled water in a 
platinum dish; add dilute potash solution, drop by drop, until the solution is neutral to 
tincture of cochineal. Add absolute alcohol, drop by drop, until the solution shows a faint 
turbidity. Let the precipitate settle and filter. If the solution is free from potassium 
fluosilicate, it should give no precipitate when 10 c.c. is mixed with 40 c.c. of water and 
50 c.c. alcohol (90 per cent.). 

» 0. Kallauner and K. Kur&s (Stavivo, 65, 1933) add dehydrated copper uranate to the 
contents of the decomposition flask to ensure complete retention of any water formed during 
the reaction. 

> The sulphuric acid should be free from oxides of nitrogen, hydrochloric and hydro- 
fluoric acids. This can be effected by heating the acid in a platinum basin along with a 
little powdered quartz. 


This vessel also 



Fig. 156. — Absorp- 
tion Vessel. 
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mercury in 6r. The flask A is heated in a suitable oil bath, ff, and the 
temperature gradually raised to 150® or 160®, as indicated by the thermometer 
The fluorides in A begin to decompose at about 100®, and potassium 
fluosilicate begins to separate in the aqueous solution in 0. If any bubbles of 
the fluosilicate stick to the walls of G, they must be broken up by gently 
rotating the fluid. When no new bubbles of the fluosilicate are formed, 
aspirate air a little more vigorously through the system for a})out half an hour. 

T/ie Preparation of the Potassium Fluosilicate for Weighing, — Decant the 
fluid containing the gelatinous precipitate into an Erlenmeyer’s flask; wash 
the absorption vessel, 6r, and the mercury two or three times with a little 
distilled water.^ The main liquid and the washings are collected in the same 
flask, the contents of which should not exceed KX) c.c. Shake the liquid with 
its own volume of absolute alcohol; let the mixture stand 2 -3 hours; decant 
the clear liquid through a Gooch crucible which has been dried at 100® and 
weighed; wash the precipitate on to the Alter with a mixture of equal volumes 
of water and alcohol, taking care to leave any globules of mercury in the 
flask; continue washing until the washings give no precipitate with calcium 
chloride — 30-40 c.c. of the dilute alcohol are usually sufficient. Dry the 
Gooch crucible and contents at 100° and weigh. 

Weighings, — A half-gram sample of purple Cornish stone, when treated as 
described above, gave: 

Crucible and precipitate .... 8*4519 grins. 

Crucible alone ...... 8*4321 grins. 

Potassium fluosilicate .... 0*0198 grm. 

The weight of the potassium fluosilicate, multiplied by 0*5176, gives the corre- 
sponding amount of fluorine; and by 1*0635, the corresponding amount of 
calcium fluoride. Hence, the sample contained the equivalent of 0*5176 x 
0*0198-0*01025 grm. or 2*05 ])er cent, of fluorine; or 1*0635 x 0*0198 = 0*02106 
grm. or 4*21 per cent, of calcium fluoride. 

Disturbing Factors, — This method gives more exact results with less trouble 
in manipulation than by the precipitation process (page 725). The principal 
sources of error are: (1) The presence of moisture in the air or in the system 
through which the silicon tetrafluoride passes. This causes a decomposition 
of the silicon fluoride before it reaches the potassium fluoride and thus gives 
low results. (2) The passage of sulphuric acid fumes along with the gases 
from the flask A, This decomposes the potassium fluoride in the receiving 
vessel and leads to the formation of potassium fluosilicate from the silica in 
the glass, giving high results. (3) Incomplete decomposition of the fluoride 
in the flask A, (4) Failure to sweep all the silicon fluoride from the evolution 
flask, p) Too rapid evolution of gas, which prevents complete absorption 
of the silicon fluoride. (6) The action of the potassium fluoride on the glass. 
To avoid the latter, Carnot recommends coating the surfaces of the flasks 
and tubes used in the determination with, say, copal resin. 

A blank experiment will soon show whether the reagents and method are 
trustworthy. When chlorides are present, a U-tube containing pumice 


^ I). S. Reynolds, W. H. Ross and K, D. Jacob (Journ, Assoc, Official Agr, Chem,, xi, 
226, 1928) recommend a temperature of 300® and heat by means of an electric resistance 
furnace. W. H. Adolph (Journ, Amer, Chem, 8oc,, 37 , 2500, 1916) works at a temperature 
of 200 ®- 220 ®. o/, , / t- 

* If the gli^ is attacked the experiment is vitiated. Some object to the use of the 
“policeman,” since it removes silica from the glass. The silica is formed by the action of the 
fluorides. 
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saturated with anhydrous copper sulphate (page 625) must be interposed 
between E and F, If the mercury in G has a greenish film towards the end 
of an experiment, iodides are probably present. If so, start a new experiment 
with a tube of copper turnings interposed, with the object of arresting the 
iodine. Alternatively, halogens can be removed by passing the gases through 
a 10 per cent, solution of anhydrous silver sulphate in 98 per cent, sulphuric 
acid. Sulphur dioxide and oxides of nitrogen are eliminated by washing 
with a saturated solution of chromium trioxide (previously dried at 110°) in 
98 per cent, sulphuric acid. Sulphur trioxide mist is removed by scrubbing 
the gas through glass wool immediately before its passage into the absorption 
vessel. If organic matter be present, this should be removed by calcination 
of the weighed sample with half its weight of lime for 1 to 2 hours at 500®~ 
600°. 

Offermann's Volumetric Process , — Instead of isolating and weighing the 
potassium fluosilicate, it is now customary to proceed by Offermann’s 
modification ^ of Carnot’s method, in which the silicon tetrafluoride is collected 
in water. The fluoride is decomposed thus:— 

SSiF^ + 4 H 2 O - 2H2SiF« -f 8i(OH)4 

The hydrofluosilicic acid is then titrated with standard alkali according to 
the equation: — 

HoSiFfi + 6NaOH = 6NaF + Hi(OH )4 + 2 H 2 O 

Hence, after all the silicon fluoride has been evolved, the contents of the 
absorption vessel are rinsed out into a flask and the solution is diluted to 
200-250 c.c. Boil for about 5 minutes and then titrate the hot solution with 
0*1N- or 0-02N-alkali, using phenolphthalein as indicator. The volume of 
standard alkali used in a blank run is subtracted from the volume taken in 
the above titration. From the equation it follows that 1 c.c. of 0‘lN-alkali 
corresponds with 0*0019 grm. of fluorine or 0*0039 grin, of calcium fluoride. 

§ 349. The Colorimetric Determination of Fluorine— 

1 . Steiger’s Process. 

Steiger ^ has devised a process for the determination of fluorine which is 
based on the well-known fact that the presence of fluorine has a powerful 


^ H. Offermann, Zeit. angew, Chem,, 3 , 615, 1890; F. Stolba, Jour^i. prakt, Chem., 
(1), 89 , 129, 1863; Zeit. anal. Chem., 2 , 396, 1863; J. Zellner, Monats., 18 , 749, 1897; 
T. Haga and Y. Osaka, Chem. News, 71 , 98, 1895; S. L. Penfield, ib., 39 , 179, 1879; Amer. 
Chem. Joum., i, 27, 1879; H. Gilbert, Corresp. Ver. anal. Chem., 3 , 114, 1880; A. E. Haswell, 
Rep. Anal. Chem., 6 , 223, 1886; G. B. van Kampen, Chem. Wee&lad, 8 , 856, 1911; A. Hile- 
inan, Amer. Joum. Sci., (4), 22 , 329, 1906; N. Sahlbom and F. W. Hinrichsen, Ber., 39 , 
2609, 1906; L. Schucht and W. MoUer, ib., 39 , 3693, 1906; W. H. Adolph, Joum. Amer. 
Chem. Soc., 37 , 2500, 1915; C. R. Wagner and W. H. Ross, Ind. Eng. Chem., 9 , 1116, 1917; 

G. A. 8 huey, Joum. Assoc. Official Agr. Chem., ii, 147, 1928; D. S. Reynolds, W. H. Ross 
and K. D. Jacob, ib., Ii, 225, 1928; E. Bayle and L. Amy, Compt. rend., 188 , 792, 1929; 
V. Y. Anosov and S. K. Chirkov, Joum. Applied Chem. {U.S.S.R.), 5 , 1097, 1932; A. A. 
Borkovskii and N. A. Porfir’ev, ib,, 6 , 984, 1933; O. Kallauner and K. Kurfts, Stavivo, 65, 
1933; E. N, Isakov, Zavodshaya Lab., 3 , 896, 1934; S. N. Rozanov, ib., 3 , 791, 1934; Zeit. 
anal. Chem,, 102 , 328, 1935; S. Bein (Rep. Anal. Chem., 6 , 169, 1886) collects and weighs the 
precipitated silica. 

• G. Steiger, Joum. Amer. Chem. 80 c., 30 , 219, 1908; W. H. Adolph, ib., 37 , 2500, 1915; 

H. E. Merwin, Amer. J. Science, (4), 28 , 119, 1909; L, Fresenius, K. Schroder and M. Frommes, 
Zeit. anal. Chem., 73 , 66 , 1928; O. Hackl, ib., 97 , 254, 1934; G. A. Shuey, Joum. Assoc. 
Official Agr. Chem., ii, 147, 1928; H. J. Wichmann and D. Dahle, ib., 16 , 612, 619, 1933; 
G. R. Sharpless and E. V. MoOoUnm, Joum. Nutrition, 6, 163, 1933; L. Szeg5 and B. Oassoni, 
Oiom. Chim. Ind. Appl., 15 , 699, 1933; E. Peyrot, Ann. Chim. appl., 24 , 74, 1934; I. M. 
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bleaching effect upon the yellow colour produced when a solution of a titanium 
salt is peroxidised by hydrogen peroxide, in this process a known volume 
of the solution containing the fluorine is mixed with a known amount of 
peroxidised titanium. The tint of this solution is compared in a colorimeter 
with that of a second solution containing an equivalent amount of titanium 
and the bleaching effect is recorded. The extent of the bleaching enables the 
amount of fluorine to be computed as indicated below. 

Preparation of the Solution. — Fuse 2 grins, of the powdered and dry sample 
— say Cornish stone™ with 8 grnis. of sodium carbonate and extract the cold 
mass with hot water. Add 4 grins, of ammonium carbonate. Warm the 
mixture for a few minutes and continue the heating on a water bath until the 
ammonium carbonate is destroyed ^ and the volume of the liquid is small. 
Filter and wash; the filtrate and washings should not exceed 75 c.c. 

Standard Solution. — Pipette 10 c.c. of the standard solution of titanium 
sulphate ^ into a 100 c.c. flask; add 4 c.c. of liydrogen peroxide and 3 c.c. of 
concentrated sulphuric acid. Make the solution up to the mark witli water. 
100 c.c. of this solution contain 0*01 grin, of TiOg. 

Test Solution. - Add 4 c.c. of hydrogen peroxide to the 75 c.c. of filtrate 
obtained from the 2 grins, of the sample under investigjition. Then add 
10 c.c. of the standard titanium solution.^ Add about 4 c.c. of concentrated 
sulphuric acid to neutralise the sodium carbonate in the solution.'* When the 
solution is neutral, it acquires a light orange tint. Add an aqueous solution 
of sodium carbonate, drop by drop, to neutralise the ac^id and discharge 
the colour. Then add a drop or two of sulphuric acid to restore the colour; 
add enough concentrated sulphuric acid ^ to make a 3 5 per cent, solution. 
Make the solution up to 100 c.c. The solution contains 0d)l grm. of TiOg. 

The Comparison. — These two solutions should have the same tint, because 
they have the same amount of titanium per c.c.; but if the test solution 
contains fluorine, it will have a paler tint owing to the bleaching effect of this 
element. The comparison can be made in Nessler’s glasses — 6 c.m. long, 
2*7 cm. diameter, placed over a white surface in diffused daylight. The 
comparison can also be made in a suitable colorimeter— say Duboscq’s colori- 
meter. The depths of the liquids in the two tubes are adjusted so that when 


Korenman, Zeit. anorg. allgem. Chem., 216 , 33, 1933; W. Dawihl, Keram. Rundschau^ 42 , 
607, 1934; R. C. Warren, C. T. Gimingham and H. J. Page, Journ. Agr. Sci., 15 , 516, 1925; 
L. A. Steinkoenig, Ind. Eng. Chem., 1 1 , 463, 1 919. The intense reddish-brown colour furnished 
by titanic salts with dihydroxymaleic acid is also bleached by fluorine in an analogous way — 
H. J. H. Fenton, Joum. Chem. Soc.y 93 , 1064, 1908. A. Gautier and P. Clausmann {Compt. 
rend.y 154 , 1670, 1753, 1912) separate the fluorine as lead fluoride, and the lead is subsequently 
determined colorimetrically (page 350). For the nephelometric determination of fluorine, 
see R. E. iStevens, Ind. Eng. Chem. Anal. Ed.y 8 , 248, 1936. 

^ To prevent the formation of ammonium sulphate later on. Ammonium sulphate 
leads to high results, because it, like fluorine, bleaches the titanium solution. 

* Standard Titanium Sulphate. — Heat an intimate mixture of 1 grm. of titanium 
dioxide and 3 grms. of ammonium persulphate until the vigorous reaction has ceased. Drive 
off the ammonium persulphate by heat. Heat the residue with 20 c.c. of concentrated 
sulphuric acid (sp. gr. 1-84) until the acid fumes copiously. Pour the cold solution into 
800 c.c. of water. The titanium oxide soon dissolves. Then add 37*5 c.c. of concentrated 
sulphuric acid and make the solution up to a litre. The solution contains 0*001 grm. of 
TiOj and about 0*1 grm. of HjS 04 per c.c. Verify the result by a determination of the 
TiOj by the method given in footnote 5, page 191. 

* The hydrogen peroxide prevents the precipitation of Ti(OH )4 by the alkali carbonates. 

* I. P. Alimarin (Zavodshiya Lab., 5 , 1440, 1936) neutralises the excess of sodium car- 
bonate with dilute sulphuric acid, using p-nitrophenol as indicator. This avoids losses by 
spurting. 

^ That is, about 3 c.c. of the concentrated sulphuric acid per 1 (X) c.c. of solution. 
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the tubes are changed right to left, and left to right, the tints appear the 
same, or the left one appears uniformly darker.^ The ratio 

Depth of standard solution ^ 

Depth of test solution 

is then noted. This number is taken as an abscissa, and the corresponding 
ordinate of the standard curve, fig. 157, gives the amount of fluorine in the 
two-gram sample. For instance, if the test solution had a depth 4*41 cm. 
and the standard solution 3-75 cm., the ratio is 

100 = 85 0 

4-41 

The ordinate corresponding with the abscissa 85 is 0*0006. This latter 
number represents the amount of fluorine in the given sample. Supposing 
that 2 grnis. of the samjile he undergoing analysis, the sample would be reported 
to contain 0-03 per cent, of fluorine. 

The Standard Bleaching Curve . — A standard solution of sodium fluoride is 
prepared from pure, recrystallised, washed and strongly ignited sodium fluoride 



Apparent percentage of Ti O2 
Fig. 157. — Steiger’s Standard Bleaching Curve. 


by dissolving 2*2104 grins, of sodium fluoride in a litre of water. 1 c.c. of this 
solution is equivalent to 0*001 grin, of fluorine. A series of comparisons is 
made with standard fluoride solutions, each containing 4 c.c. of hydrogen 
peroxide and 3 c.c. of concentrated sulphuric acid, against similar solutions 
containing no fluoride. In this way a curve similar to that shown in fig. 157 
is obtained. The following results were observed: — 

Fluorine . . 0*0005 0*0010 0*0015 0*0020 0*0025 grm. 

Titania . . 86*41 79*24 74*67 69*60 65*40 

The numbers in the last line represent the apparent amounts of titanium 
measured in terms of the ratio 

Depth o f liquid free fr om fluor ine ^ 

Depth of liquid containing fluorine 


1 Since the left eye is usually more sensitive to the tint. 
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Errors , — The method is not satisfactory when the amount of fluorine 
exceeds 0-125 per cent., that is, 0-0025 grm. on a two-gram sample. If more 
fluorine be present, the amount of the sample taken must be lessened. If the 
temperature deviates appreciably from the temperature prevailing at the 
time the standard bleaching curve was made, the tint of the solution will 
appear paler and high results will be obtained. Sodium and potassium 
sulphates in large amounts have a bleaching effect, but, if a large excess of 
sulphuric acid be present, the effect is not so marked. Aluminium sulphate 
intensifies the colour and thus gives low results. Quantities of silica less 
than 0-1 grm. have but little influence on the result. The method of preparing 
the sample for comparison eliminates most of the silica and alumina and what 
remains has practically no influence on the result. Phosphoric acid bleaches 
the solution like fluorine, but the amount usually present in silicates does no 
harm. The tints are dependent on the proportion of sulphuric acid in the 
solution, and it is very important to adjust the solutions undergoing com- 
parison so that they contain approximately the same proportion of sulphuric 
acid, both in making up the solutions for the standard bleaching curve, and 
in making the tests. According to Blum,^ when but “little acid is ])rcsent, 
the colours cannot be properly matched. This is the case, for instance, with 
0-003 grm. fluorine in 2 per cent, sulphuric acid solutions; but with 10 per 
cent, of sulphuric acid a fairly satisfactory comparison was possible with as 
much as 0-005 grm. of fluorine.” Wichmann and Dahle ® find that (1) the 
bleaching action of the fluorine increases with increasing acidity to a maximum 
corresponding with a hydrogen ion concentration of about 1-5 and then rapidly 
decreases until it becomes practically zero at pn = 2-5 ; (2) the bleaching per 
unit of fluorine increases as the concentration of fluorine increases and the 
concentration of titanium decreases; (3) the bleaching is proportional to the 
quantity of fluorine present up to a certain limit, above w hich the bleaching 
per unit of fluorine decreases. They recommend that the determination 
should be carried out at a controlled pa of 1-50 £0-02 and say that, in these 
circumstances, as little as 0-002 mgrm. of fluorine can be determined. Koren- 
man ® makes the comparison by diluting the stronger solution with water 
until it matches the weaker, whereas Hackl ^ adds to the standard solution a 
standard solution of sodium fluoride until a match in colour is obtained. As 
a result of his investigation, Merwin states that an “accuracy of 0-0002 grm. 
may be expected. The probable error is therefore not half as great as wnth 
standard gravimetric methods.” 

II. De Boer’s Process. 

The bleaching effect of fluorine on the lake formed between zirconium 
and alizarinsulphonic acid was first used by de Boer and Basart ® for the 
determination of fluorine. The method has been modified and employed 
in recent years for the colorimetric determination of fluorine,® particularly in 
natural waters. The procedure recommended by Smith and Butcher is as 

1 W. Blum in BvXl U.S. Geol. Sur., 700, 228, 1919. 

* H. J. Wichmann and D. Dahle, Journ. Asaoc, Official Agr. Chem., 16, 612, 619, 1933; 
19, 313, 320, 1936. 

B I. M. Korenman, ZeiL anorg. allgem, Chem,, 2x6, 33, 1933. 

* 0. Hackl, Zeit, aruiL Chem., 97, 264, 1934. 

^ J. H. de Boer and J. Basart, Zeit, anorg, Chem,, iz6, 213, 1926. 

« J. and R. Casares, An>al, Fia, Quim,, 28, 910, 1169, 1930; T. G. Tliompson and H. J. 
Taylor, Ind, Em^, Chem, Amd, Ed,, 5, 87, 1933; 0. M. Smith and H. A. Butcher, ib,, 6, 61, 
1934; 1. M. Kolthofl and M. B. Stansby, ib,, 6, 118, 1934; J. M. Sanchis, ib,, 6, 134, 1934; 
S. £. Harris and W. G. Christiansen, Jowm, Amer, Pharm, Assoc., 25, 306, 1936« 
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followH: — The neutral solution of the fluoride, free from sulphates,^ is acidified 
with 3 c.c. of hydrochloric acid (1:1) and 5 c.c. of zirconium-quinalizariu 
reagent ^ are added. The solution is diluted to a definite volume, say 100 c.c., 
and thoroughly shaken. After 20 minutes the colour is compared with that 
of a series of standards made from a solution of sodium fluoride containing 
0*()1 grin, of fluorine per litre. It is important that the test and standard 
solutions should contain exactly the same amounts of acid and of zirconium- 
alizarin reagent and that they should be compared at equal times after 
preparation.^ 

§ 350. The Determination of Fluorine as Gaseous Silicon 
Fluoride — Oettel and Hempel’s Process. 

The simplest method for the determination of fluorine in silicates decom- 
posable by sulphuric acid, and exact enough for commercial requirements, is to 
treat the substance with concentrated sulphuric acid, and to measure the 
volume of the gaseous silicon fluoride evolved during the reaction. Oettel, 
and Hempel and Schefller,^ have devised special instruments — called fluoro- 
meters — for this purpose. Oettel’s fluorometer is illustrated in tig. 158. 

Charging the Apparatus , — It consists of a decomposition flask A, a burette 
B and a levelling tube. C. The flask has a volume of about 100 c.c.; its neck 
is widened into a cup, vrhich is closed by a ground glass stopper. The side 
arm of the flask ends in a ground glass joint which fits into the cup on the 
upper end of the burette. This burette is made from a barometer tube of a 
total volume of 100-150 c.c. and is graduated in fifths of a c.c. Immediately 
below the cup on the burette is a mark and lower down is the zero graduation, 
the volume enclosed between the two marks being 7-10 c.c. The burette Ls 
filled with dry mercury, which is brought to zero by means of the levelling 
tube C. The thick-walled rubber tube connecting the levelling tube with the 
burette is then clamped, so that the level of the mercury cannot alter. The 
levelling tube C is then lowered somewhat and clamped; finally the burette 
is filled with concentrated sulphuric acid ® up to the mark below the cup. 
Transfer to the decomposition flask, which must be perfectly dry, 0*3 to 0*5 


^ If the solution is obtained as in Steiger's process, it must be exactly neutralised with 
hydrochloric acid. Sulphates, if present, are precipitated by the addition of a slight excess 
of 2 per cent, barium chloride solution and filtering. 

* ZiECONiUM-QUiNALiZABrN Keaoisnt. — Equal parts of a 014 per cent, solution of 
quinalizarin (1:2:5; 8-tetrahydroxyanthraquinone) in 0*30 per cent, sodium hydroxide 
solution and a 0*87 per cent, solution of zirconium nitrate are mixed and the mixture is 
diluted to 1 in 40. 

® For other colorimetric methods for determining fluorine, see M. D. Foster, Journ, Amer. 
Chem. 80 c,, 54, 4464, 1932; Jnd. Eng, Chem, Anal. Ed„ 5, 234, 238, 1933; W. D. Armstrong. 
ib., 5, 300, 1933; H. V. Smith, »6., 7, 23, 1935; T. G. Thompson and H. J. Taylor, ib., 5, 
87, 1933. A. Mayrhoffer, A. Wasitzky and W. Kom (Mikrochem.^ 20, 29, 1936) distil off the 
fluorine as in Carnot's process (page 731), absorb the silicon tetrafluoride in sodium hydroxide 
and then determine the silica in solution colorimetrically by the molybdate method, page 686. 

* F. Oettel, Zeit. anal. Chem., 25, 605, 1886; W. Hempel and W. Scheffler, Zeit. anorg. 
Chem., 20, 1, 1899; W. E. Burk, Journ. Amer. Chem. 80 c., 23, 824, 1901; J. Shuch, Zeit. 
Landw. Vers. West, Oest., 9, 531, 1904; 0. R. Bohm, Oester. Chem. Ztg., 10, 61, 1907; A. 
Jodlbauer, Zeit. Biol., 44, 259, 1903; H. Wislicenus, Zeit. angew. Chem., 14, 706, 1901 ; F. G, 
Hawley, Ind. Eng. Chem., x8, 573, 1926. 

* “The concentrated sulphuric acid used in the work is made by heating the concentrated 
acid of the laboratory in a porcelain dish with flowers of sulphur. The acid is then poured 
off from the molten sulphur and evaporated down to two-thirds its volume.*’ W. Hempel, 
Methods of Gas Analysis, London, 322, 1892. 
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grm. of finely powdered cryolite (or fluorspar), intimately mixed with twenty 
times its weight of calcined quartz.^ 

Evolution of the Gas . — Connect the decomposition flask to the burette and 
let the whole apparatus stand 15 minutes to assume the temperature of the 

room. Add 50 c.c. of concentrated 
sulphuric acid to the flask by means of a 
pipette.^ Insert the stopper and pour 
mercury into the cups on the flask and 
burette so as to seal the joints. The 
100 c.c. bulb A will now be about half 
full. Open the clamp to connect the 
burette with the levelling tube. The 
pressure of the air is reduced by the 
fall of the mercury. Read the ther- 
mometer and barometer. Heat the 
flask by means of a small flame until 
the sulphuric acid begins to boil. (As 
the silicon fluoride is evolved, the 
mercury sinks and the column of sul- 
phuric acid above it covers the walls of 
the burette, thus removing any traces of 
moisture.) This vshould take about 20 
minutes. In another 5 to 10 minutes the 
reaction will be complete. Adjust the 
levelling tube so as to keep the level of 
mercury some 10 to 15 cm. lower than 
the level in the burette. Shake the flask 
from time to time as much as possible by 
moving the whole stand, but without 
jerking the mercury from the mercury- 
sealed joints. Let the flask cool for 
about 2 hours, when it should have 
attained the temperature of the room. 
Raise the levelling tube from time to 
time during the cooling to counter- 
balance the diminished pressure of the 
cooling gas. Level the mercury in the 
burette and levelling tube. Read the 
burette, thermometer and barometer, and 
also the height of the column of sulphuric 
acid above the mercury. Normally, 
neither the pressure nor the temperature 
changes during an experiment, but if 
they do the appropriate correction must be made for the change in volume of 
the air in flask A. Since this correction amounts only to a few tenths of a 
c.c,, the volume of the air in the dead space of the flask need only be known 
approximately. Suppose the following results have been obtained: — 

^ “The silicon dioxide required is best obtained by pulverising rock crystal and igniting 
the powder in a combustion tube in a current of oxygen.” W. Hempel, Lc. ; see also page 732. 
P. Drawe (Ztit. angew. Chem,^ 2Sf 1371, 1912) uses 0*5~0*6 grm. of felspar (instead of quartz) 
along with 6 gnus, of anhydrous copper sulphate (page 625) to make sure that the moisture 
is removed. 

* Bo not touch the flask needlessly, or it may be warmed and cause an expansion of the 
gas. 



Fio. 158. — Oettel’s Fluorometer. 
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Readings and Calculations, — Weight of cryolite, 0*5261 grni. Temperature, 
< 0 , at the beginning, 17°; barometer at the beginning, 757*4 mm.; temperature, 
tiy at the end, J 8 °; barometer at the end, 757*4; height of column of sulphuric 
acid, 40 mrn., which is equivalent to 5*4 mm. mercury. Volume of dead space 
in flask, 80 c.c. Volume of gas collected 85*9 c.c. Since the temperature 
has risen 1 ° during the experiment, the air in the flask will have expanded by 
80 X w7;;==0*3 c.c. approximately. Hence the corrected volume of the gas is 
85*9-0*3 = 85*6 c.c. This volume is measured at 18° C. and a ])re 8 sure of 
757*4 - 5*4 = 752 mm., and the volume at 0° and 760 mm. will be (85*6 x 273 x 
752)/(291 X 760) = 79*5 c.c. Concentrated sulphuric acid absorbs silicon tctra- 
fluoride and experiments show that with the quantities of ac.id used here an 
average correction of +1*4 c.c. must be made; hence 79*5 + 1*4 = 80*9 c.c. 
of 8 iF 4 were produced during the reaction. But 1 c.c. of silicon fluoride at 
0 ° and 760 ram. pressure represents 0*0033886 grm. of fluorine. Hence, 
80*9 c.c. represent 0*2741 grm. of fluorine per 0*5261 grm. of cryolite; or the 
cryolite has 52*1 per cent, of fluorine. 

In illustration of the accuracy of the process, Oettel quotes the following 
results with calcium fluoride: 

Found . . . 0*2183 0*2349 0*1051 0*2792 0*2776 grm. 

(Calculated . . 0*2173 0*2350 0*1050 0*2801 0*2782 grm. 

This is all that can be desired in commercial work. To get accurate results, 

it is highly important to exclude all traces of moisture from the generating 
a|)paratu 8 .^ 

§ 351. Volumetric Processes for the Determination of Fluorine. 

A number of methods have been proposed for the volumetric determination 
of fluorine, a necessary and obvious preliminary to all of Avhich is to obtain 
the fluorine wholly in solution. Guyot’s process, resuscitated by Greoff,^ is 
based on the reactions — 

3NaF + FeClg = 3NaCl + FeFg 

and 

3NaF + FeF3 = Na3FeFe 

The sodium ferric fluoride thus formed is only sparingly soluble in water and 
gives no coloration with potassium thiocyanate. Hence the fluoride solution, 
containing an excess of potassium thiocyanate, is titrated with a standard 
solution of ferric chloride until a permanent red colour is obtained under 
specified conditions. Fairchild modifies the method by adding an excess of 
the ferric chloride solution and determining the excess iodornetrically.® 

In Boer and Basart’s process,^ the fluoride solution and a blank are treated 
with a solution of zirconium oxychloride and sodium alizarin sulphonate. 
The blank solution is then titrated with a standard solution of potassium 

^ P. Drawe (Zeit. angew, Chem,, 25 , 1371, 1912). 

® P. Guyot, Compt, rend., 71 , 274, 1870; 73 , 273, 1871; A. Greeff, Ber., 46 , 2511, 1913; 
I. Bellucci, Ann, Chim, apph, l, 441, 1914; B. Visintin, ib,, 24 , 315, 1934; M. Giordani, ib., 
24 , 496, 1934; N. K. Smitt, Chem. Trade Joum., 71 , 325, 1922; Bull. Bur. Biotech., 176, 1922; 
L. D. Hammond, Ind. Eng, Chem,, 16 , 938, 1924; W. D. Treadwell and A. Kohl, Hdv, Chim. 
Ada, 8 , 500, 1925. 

* J, G. Fairchild, Jmm. Wa^h. Acad. Set., 20 , 141, 1930; H. V. Churchill, Ind. Eng. 
Chem,, 23 , 996, 1931; C. S. Boruff and G. B. Abbott, ib.. Ami. Ed., $, 236, 1933; M. D. 
Foster, ib,, 5 , 238, 1933; H. V. and M. C. Smith, Arizona Expt. Station Tech. Bull., 43 , 213, 
1932; H. Hale, Oklahoma Agr, and Mech. Eng, Expt. Statum BuU., 3 , 36, 1932. 

* J. H. de Boer and J. Basart, ZeU. anorg. aUgem. Chem., 126 , 213, 1926. 
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fluoride until the degree of fading produced in it matches the colour of the 
test solution. 

In yet other methods,^ the neutral fluoride solution is titrated with a 
standard solution of aluminium chloride, cerous, yttrium, zirconium or thorium 
nitrate, until the precipitation of the fluoride is complete — various indicators 
or a potentiometer may be used to determine the end-point. With cerous 
nitrate, a measured excess can be added and the excess determined by titra- 
tion with potassium permanganate at 7()°-80° in the presence of zinc oxide. 

Willard and Winter give the following details for the titration with thorium 
nitrate. 2 An aliquot portion of the fluoride solution, which must contain no 
interfering elements or acid radicals, is diluted to, say, 20 c.c. and a few drops ® 
of the indicator solution ^ are added. If necessary, dilute hydrochloric acid 
is added to discharge any colour. An equal volume of ethyl alcohol is added 
and the mixture titrated over a white surface with standard thorium nitrate 
solution ® until the colour of the zirconium-alizarin lake just reappears. With 
O’OlN-thoriurn nitrate solution, a correction must be made for the fluorine 
which combines with the indicator. This is determined by titrating an equal 
number of drops of the indicator with a OOlN-fluoride solution. The 
indicator blank increases with the age of the indicator solution and is higher 
than the blank in the actual fluoride titration. The method is said to be 
accurate for titrating pure and dilute fluoride solutions, but it is not accurate 
in the presence of large amounts of thorium fluoride. Some prefer to obtain 
the fluorine equivalent of the thorium nitrate titration from a gra})h prepared 
empirically. 

§ 352. The Analysis of Calcium Fluoride-™Fluorspar. 

The process of § 350 may be used for all silicates which are completely 
decomposed by sulphuric acid, as indicated on page 739. Hence, calcium 
fluoride is easily treated by the process. In commercial analyses of fluorspar, 
calcium fluoride, silica and calcium carbonate are usually determined. In 
special cases the amount of lead, iron, zinc, sulphur and barium sulphate may 
be needed.® One rapid process is as follows: — 


^ W. I). Treadwell and A. Kohl, lidv. Chim, Acto, 9, 470, 1926; A. Kurtenacker and 
W. Jurenka, Ze.it, anal. Chem..^ 82, 210, 1930; G. Batchelder and V. W. Meloche, Jmrn. 
Amer. Chem. Soc,, 53, 2131, 1931 ; 54, 1319, 1932; N. Allen and N. H. Furman, t6., 55, 90, 1933; 
D. M. Hubbard and A. L. Henne, i6., 56, 1078, 1934; F. J. Frere, hid. Eng. Chem. Anal, 
Ed., 5, 17, 1933; 6, 124, 1934; J. V. Tananaev and G. S. Savchenko, Journ. Applied Chem. 
{U.S.S.R.), 7, 229, 1934; N. Y. Ugnyachev and E. A. Bilenko, Ukrain, Khem, Zhur., 12 , 34, 
1937. 

* H. H. Willard and 0. B. Winter, Ind. Eng. Chem. Anal. Ed., 5, 7, 1933; E. W. Scott 
and A. L. Henne, ib., 7, 299, 1935; W. M. Hoskins and C. A. Ferris, ib., 8, 6, 1936; W. I). 
Armstrong, ib., 8, 384, 1936; C. S. Boruff and G. B. Abbott, ib., 5, 236, 1933; H. V. Churchill, 
R. W. Bridges and R. J. Rowley, ib., 9, 222, 1937; O. B. Winter and L. Butler, Joum. Assoc. 
Official Agr. Chem., 16, 105, 1933; G. A. Shuey, ib., 17, 149, 1934; D. S. Reynolds, ib., 17, 
323, 1934; 18, 108, 1935; D. Dahle and H. J. Wichmann, ib., 20, 297, 1937; W. D. Arm- 
strong, Joum. Amer, Chem. Soc., 55, 1741, 1933. 

* Three drops are needed for 20 c.c. of solution, increasing to 6 drops for 50-75 c.c. 

* Indioatob Solution. — Dissolve (1) 1 grm. of zirconium nitrate, Zr(N0a)4 . 5H|0, in 
250 c.c. of water, (2) 1 grm. of sodium alizarin sulphonate in 100 c.c. of ethyl alcohol. Filter 
ofl the residue from (2) and add 150 c.c. of ethyl alcohol to the filtrate. Mix three parts 
of solution (1) with two parts of solution (2) as and when needed. 

^ Standardise the thorium nitrate solution against a 0‘02N-solution of pure lithium or 
sodium fiuoride. 

* For barium and sulphur determinations in fluorspar by fusion in a bomb with Parr’s 
fusion mixture (pages 707 to 708), see H. G. Martin, Joum. Ind. Eng. Chem., 1 , 482, 
1909. For the analysis of soluble fluorides, see J. O. Dinwiddle, Amer, Joum, Eci*, (4), 42, 
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1. Calcium Carbonate , — Heat 2 grms. of the dried (110®) material to constant 
weight. The loss in weight represents carbon dioxide. This amount of carbon 
dioxide, multiplied by 2* 2746, represents the calcium carbonate.^ This 
procedure assumes that both organic matter and combined moisture are 
absent. The carbon dioxide can best be determined gravimetrically (see 
pages 624 and 625). 

Lundell and Hoffman ^ recommend the following method for the deter- 
mination of silica and calcium fluoride: — 

2. Silica , — Digest 1 grm. of the sample on a water bath for 10 minutes 
with 3 c.c. of a mixture of 20 c.c. of bromine and 80 c.c. of glacial acetic acid. 
Add 10 c.c. of water and 10 c.c. of a 20 per cent, solution of potassium bromide 
which has been saturated with bromine. Digest for 40 minutes. Then add 
5 c.c. of 50 per cent, ammonium acetate solution and digest for a further 
10 minutes. Add paper pulp, filter and wash with hot water. Dry, ignite 
at a dull red heat and weigh the residue. Determine the silica in it by the 
loss in weight after a double evaporation with about 3 c.c. of hydrofluoric 
acid. It is recommended that the ignitions should be made at or about 650®. 

3. Calcium Fluoride . — Digest half a gram of the sample, preferably in a 
platinum crucible, on a water bath for 30 minutes with 15 c.c. of 10 per cent, 
acetic acid to remove any calcium carbonate and sulphate. Filter and wash 
well with hot water. Dry and ignite the residue at a dull red heat in the 
crucible. Cool, add to the residue about 3 c.c. of hydrofluoric acid and 2 c.c. 
of sulphuric acid and evaporate to dryness; rinse down the walls of the 
crucible with about another cubic centimetre of sulphuric acid and again 
evaporate to dryness. This treatment eliminates any silica and converts 
the calcium fluoride into sulphate. Immerse the crucible in 150 c.c. of warm 
5 per cent, hydrochloric acid and, w^hen its contents have dissolved, thoroughly 
rinse out the crucible. Boil for 10 minutes and, if any insoluble residue 
remains, filter it off, wash and ignite in the crucible.^ The filtrate is treated 
with hydrogen sulphide, then made ammoniacal and finally saturated with 
hydrogen sulphide. Any iron, aluminium or zinc present in the sample will 
be precipitated here as sulphide. After allowing the precipitate to settle, 
filter and wash the residue with a one per cent, solution of ammonium chloride, 
containing a little ammonium sulphide. Acidify the filtrate and washings 

464, 1916; A. Travers, Compt. retid.^ 173, 836, 192J ; H. Flisik, hid, Eiig, Chem., 17, 307, 
1925; E. C. Roper and E. B. R. Prideaux, Journ. Soc. Chem.. Ind., 45, 109T, 1926; A. V. 
Frost, Trans. Inst, Pure Chem. Rea^gents {Moscow)^ lo, 53, 1931; I. Tananaev and G. S. 
Savchenko, Journ, Applied Chem, (f/.<S'.«S'./?.),7, 1071, 1934. For the analysis of cryolite, see 
F. Cherpillod, A7in. Fals., 30, 232, 1937, 

^ W. J. Waring, Chem. Eng., 4, 23, 1906; ib., 3, 65, 1905; L. Westerburg, Chem. Ztg., 26, 
967, 1902; A. W. Gregory, Chem. News, 92, 184, 1905. 

Calcium carbonate is sometimes determined by digesting, say, 1 gram of the finely 
powdered sample with 10 c.c. of a 10 per cent, solution of acetic acid for about an hour on 
a water bath. The residue is filtered off through an ashless filter-paper, washed about four 
times with water, and the filter-paper “ashed” at as low a temperature as possible. The 
loss in weight would represent the amount of calcium carbonate in the given sample were 
it not for the fact that calcium fluoride is slightly soluble in acetic acid. E. Bidtel (Journ. 
Ind, Eng, Chem., 4, 201, 1912; 6, 265, 1914) says that, in using this method with clean 
crystals of fluorspar, 0*0016 grm. is dissolved per gram of sample. See also E. Oliver, Rev. 
universelle Mines, 14, 25, 1922. Lundell and Hoffman (l.c.) find the solubility of calcium 
fluoride in dilute acetic acid decreases as the percentage of calcium carbonate in the sample of 
fluorspar increases. 

» G. E. P. Lundell and J. I. Hoffman, U.8. Bur, Standards Journ. Research, 2, 671, 1929. 

” The residue may contain sulphates of lead and barium and also undeoomposed calcium 
fluoride. To recover the latter, evaporate the residue to dryness with a few c.c. of hydro- 
fluoric and sulphuric acids. Digest with 1 to 2 c.c. of hydbrochloric acid, filter and wash. 
The filtrate is ^ded to the main solution. 
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with a slight excess of hydrochloric acid and boil until all the hydrogen sulphide 
has been expelled. Oxidise any sulphur or sulphides present to sulphates 
by adding a 20 per cent, solution of potassium bromide, saturated with 
bromine, until the solution has a permanent yellow tinge. Boil until all the 
bromine has been expelled. It is now assumed that the above treatment has 
removed any calcium not present as fluoride and all associated impurities in 
the fluorspar. The calcium in the final solution is precipitated as oxalate 
and weighed as oxide, following the standard procedure (page 202); a double 
precipitation is unnecessary. The weight of calcium oxide multiplied by 
1*3923 gives the corresponding amount of cal(‘ium fluoride. A correction of 
+ 0*20 per cent, should be made to compensate for the solubility of calcium 
fluoride in dilute acetic acid. This process ^ is believed to give results accurate 
to + 0*25 per cent. 

§ 353. The Analysis of Sodium Silicofiuoride. 

The fluorine cannot be determined as silicon fluoride, because, on treatment 
with acids, the silicon fluoride is accompanied by hydrogen fluoride, which 
etches glass. Thus, with concentrated sulphuric acid, 

NagSiFe + H^SO^ = Na2S04 + SiF^ + 2HF 

Hence, on heating a known weight of the substance with concentrated sulphuric 
acid in a platinum dish, until the white fumes of sulphuric acid are given off, 
sodium sulphate and sulphates of the other bases present will remain.^ The 
bases can be determined in the usual way. Sodium silicofluoride can be 
titrated with l*0N>sodium hydroxide, using phenolphthalein as indicator. 
The reaction is represented: 

NagSiFe + 4NaOH = 6NaF + SiO^ + 2 H 2 O 

Commercial samples contain about 95 per cent, of sodium silicofluoride. 

The loss on ignition of sodium silicofluoride does not represent the “water'* 
because, on heating, this salt decomposes into sodium fluoride and silicon 
fluoride: Na 2 SiFg = 2NaF *f SiF 4 . To determine the water, use the method 
given on page 642, namely, fusion in glass tubes with lead oxide.* 

Hydrofluosilicic acid is a by-product in the manufacture of artificial 
manures. The acid is treated with soda or common salt in order to precipitate 
sodium silicofluoride. Hence the commercial salt may be contaminated with 
chlorides, which can be determined as described below. 


^ For the analysis of fluorspar, see F. Wdhler, Fogg. Ann,, 48 , 87, 1839; R. Fresenius, 
Anhitun^ zur quantitativen chemischen Analyse, Braunschweig, i, 435, 1875; K. Daniel, 
ZeiL anorg. Chem,, 38 , 257, 1904; G. R. Doyle, Chem. News, n 8 , 304, 1919; C. E. Gifford, 
Ind, Eng, Chem,, 15 , 526, 1923; W. W. Scott, ib,, 16 , 703, 1924; P. Drawe, Chem, Ztg,, 49 , 
497, 1925; K. Brauer and Ruthsatz, ib,, 51 , 618, 1927; E. Bailleux, Ingenieur Chimiste, 
9 , 230, 1925; Bull, Soc, chim, Belg., 35 , 305, 1926; F. Sautier, Chim. et Ind,, Special No., 
202 , 1926; A. Lebrun, Rev, Belg, ind. Verriires, 2 , 220, 1931; I. Tananaev, Journ, Applied 
Chem. {U.8,8,R.), 5 , 445, 1932; A. K. Kudrevalov, Compt. rend, Acad. 8ci. {U. 8.8.11.), 4 , 
42, 1934. 

• For the direct determination of silica and fluorine, use the process indicated on page 637 
For the transformation into chlorides, use hydrochloric acid (1 acid, 2 water by volume) — 
F. Stolba, Chem, Centr., (3), zi, 595, 1880. Evaporation with perchloric acid quantitatively 
converts water-soluble and insoluble fluorides into perchlorates — G. A. Shuey, Jmm, Assoc. 
Official Agr, Chem., 17 , 149, 1934. 

’ H. Rose, Aus/uhrliches Handbuch der analytischen Chernie, Braunschweig, 2 , 667, 1851; 
P. Jannasch, Praktischer Leitfaden der Gewichlmnalyse, l^eipzig, 357, 1904; E. Hintz and 
H. Weber, Zeit. aruzl, Chem., 30 , 30, 1891. 
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§ 354. The Properties of Silver Chloride. 

Chlorides are determined by adding a solution of silver nitrate to an 
acidified solution of the chloride. The white curdy ^ precipitate of silver 
chloride is washed, dried and weighed. In 1859, Mulder * pointed out that 
the solubility of silver chloride in the mother liquid is sufficient to disturb all 
quantitative analyses based upon the precipitation of silver chloride, and 
Cooke ® considered that about 0*0001 grm. of silver chloride is dissolved per 
100 c.c. of liquid used in washing. It is now considered to be a well-established 
fact that freshly precipitated silver chloride is soluble in water to the extent 
of about 0*000156 grm. per 100 c.c. at 18®, and 0*00218 grm. at 100®.^ The 
solubility of freshly precipitated silver chloride steadily diminishes to about a 
milligram per litre when the precipitate is left standing in contact with the 
mother liquid. This change in the solubility is generally supposed to be due 
to the fact that the solubility of many salts, which are only slightly soluble 
in water, is affected by the size of the grain. The smaller the grain, the 
greater the solubility.® Silver chloride when first precipitated is in a very 
finely divided condition and the small grains grow into larger grains at the 
expense of the very smallest granules on long standing. The solution is also 
generally warmed to coagulate any colloidal silver chloride which may be 
formed, and so prevent a turbid filtrate passing through the filter-paper. 

The presence of a small excess of either silver nitrate or sodium chloride 
reduces the solubility of the precipitated chloride.® A large excess of hydro- 
chloric acid, alkali chlorides or nitrates, other metallic chlorides or silver nitrate 
increases the solubility of silver chloride. Thus, the solubility of silver 
chloride in different strengths of hydrochloric acid at 21® is, according to 
Whitby, as follows: 

Hydrochloric acid .0 I 5 10 per cent. 

Silver chloride . . 0*(X)156 0*(K)02 0*(X)33 0*0555 grm. per litre. 


^ If but small quantities of silver chloride be present, the solution only becomes turbid. 
The suspended particles then settle very slowly. See C. H. Greene and L. D. Frizzell, Joum. 
Amcr. Chem. Soc., 58, 516, 1936. 

® G. J. Mulder, IHa Silherprobiermethoden, Leipzig, 311, 1859; Cham, News^ 4, 99, 125, 
137, 204, 231, 297, 321, 1861 ; 5, 2, 1862. 

* J. P. Cooke, Amer. J. Seience.y (3), 21, 220, 1881; Chem. News, 44, 234, 1881; D. Lindo, 
ih., 45, 193, 1882. 

* C. H. Pfaflf, Handhuch der analytischen Chemie, Altona, 2, 283, 1821; G. J. Mulder, 
Die SUberprobierrnethoden, I.ieipzig, 1859; J. L. Gay-Lussac, Ann. Chim. Phys., (2), 58, 218, 
18.35; A. Ditto, ib., (5), 22, 551, 1881; J. S. Stas, ib., (5), 3, 177, 1874; Compi. rend., 73, 
998, 1871; C. St Pierre, ib., 73, 1090, 1871; F. Kohlrausch and F. Rose, Wied. Ann., 50, 
127, 1893; Zeit. phys. Chem., X2, 242. 1893; F. Kohlrausch, ib., 50, 355, 1905; 64, 129, 
1908; C. Hoitsema, ib., 20, 272, 1896; W. Bottger, ib., 46, 602, 1903; 56, 83, 1906; H. M. 
Goodwdn, ib., 13, 645, 1894; A. F. Hollemann, ib., 12, 132, 1893; A. A. Noyes and D. A. 
Kohr, ib., 42, 336, 1902; R. Abegg and A. J. Cox, ib., 46, 1, 1903; Zeit. Elektrochem., 9, 892, 
1903; A. Thiel, Zeit. anorg. Chem., 24, 57, IIKK); G. S. Whitby, ib., 67, 107, 1910; R. Lorenz 
and E. Bergheimer, ib., 137, 141, 1924; J. P. Cooke, Amer. Joum. Science, (3), 21, 220, 
1881; Chem. News, 44, 234, 1881; F. Field, ib., 3, 17, 1861; A. C. Melcher, Joum. Amer. 
Chem. Soc., 32, 54, 1910; A. Thiel, ib., 37, 508, 1915; A. F. Hill, ib., 30, 68, 1908; W. G. 
Eversole and R. W. McLachlan, ib., 54, 864, 1932; E. W. Neuman, ib., 54, 2195, 1932; C. van 
Rossem, Chem. Weekb., 9, 203, 396, 1912; L. Rolla, Atti Accad. Lined, (5), 22, ii, 104, 1913; 
Z. Gldwczyfiski, Roll. Chem. Beihefte, 6 , 147, 1914; S. Popov and E. W. Neuman, Joum. 
Phys. Chem., 34, 1853, 1930. 

» W. H. Wollaston, Phil. Trans., 103, 51, 1813; W. Ostwald, Zeit. phys. Chem., 34, 495, 
1900; G. Hulett, ib., 37, 385, 1901; 47, 357, 1904; S. E. Sheppard and R. H. Lambert, Coll. 
Symp. Mon., 6, 265, 1928; Brit. Chem. Abs., B, 976, 1929. 

® C. Hoitsema, Zeit. phys. Chem., 272, 1896. 
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The lower solubility of silver iodide and bromide has led to the use of 
soluble iodides and bromides in place of chlorides for precipitating silver from 
solutions (page 342). The solubilities of the three halides in grams per litre 
in water at 20° are: 

AgOl AgBr Agl 

0*00156 0*0(KK)84 0*0000028 

The silver chloride during precipitation is inclined to carry dowui, or 
“occlude ’’ or “ adsorb,*^ silver nitrate ^ and sodium chloride. These substances 
are associated in some way with the precipitated chloride so that the impurities 
are not removed by washing. In general, the longer the precipitate remains in 
contact wuth the mother liquid, the greater the difficulty in removing the 
adsorbed salts. Precipitates formed in dilute solutions are generally more 
amenable to w’ashing than precijhtates formed in concentrated solutions. 

White silver chloride dries (in the dark) to a white pulverulent mass which 
becomes yellow when heated. Silver chloride fuses at about 455° to a trans- 
parent yellow liquid wdiich attacks platinum very rapidly. At a high 
temperature, silver chloride begins to volatilise. When the molten mass is 
cooled, it forms a colourless or pale yellow^ mass. Silver chloride is easily 
reduced to the metal wffien heated in contact with organic matter,*^ and hence 
a difficulty arises if a filter-paper is used in separating the precipitate from the 
mother liquid. 

§ 355- The Gravimetric Determination of Chlorides. 

The silicate is fused with sodium carbonate,^ as described for the determina- 
tion of sulphur (page 701 ). The clear aqueous extract of the fused mass, or an 
aliquot portion of it, is acidified with nitric acid in the cold.^ Heat the solution 
to about 60°. Gradually add, with constant stirring,® about 5 c.c. of an 
aqueous solution of silver nitrate.® When the precipitate has settled, add a 
few more drops of the silver nitrate solution and, if a })recipitate be formed, 
more silver nitrate must be added. When the addition of silver nitrate no 
longer produces a precipitate, heat the mixture to 60° and let the mixture 
settle in the dark,® s*ay, overnight. Decant the cold solution through a 

^ J. S. Stas, OSuvres completes, Bnixelias, i, 337, 1894. 

* E. Miirmann {OeMer. Chem, Zeit., (2), 19 , 115, 1916; Chem. Zentr., (2), 427, 1916) adds 
ash-free paper pulp before or after precipitation of the chloride and on subsequent ignition 
spongy, metallic silver remains. 

® All the reagents should be tested for possible and probable contamination with chlorides. 

* H. S. Washington {Manual of the Chemical Analysis of Rocks, New York, 160, 1904) 
prefers to decompose the silicate with a mixture of nitric and hydrofluoric acids (free from 
chlorides) in a platinum basin ; boil for an hour ; filter through a platinum or rubber funnel 
into a platinum basin; and precipitate the silver chloride in the presence of an excess of 
nitric acid. For the solubility of silver chloride in nitric acid, see 55. G16wczyAski, Koll, 
Chem. Beihefte, 6 , 147, 1914; A. F. Scott and C. R. Johnson, Journ. Amer. Chem. Boc., 52 , 
3686, 1930; C. R. Johnson and G. W. Low, jun., ib., 55 , 2262, 1933. 

* So as to reduce as much as possible the adsorption of salts by the precipitate. 

* SiLVBB Nitrate Solution. — Dissolve 3*4 grms. of silver nitrate in 100 c.c. of water 
( 0 - 2 E). 

’ E. Alefeld (Zeit. anal. Chem., 48 , 79, 1909) adds 5 c.c. of ether to the solution before 
adding silver nitrate, in order to coagulate the precipitate. A Gooch crucible (packed with 
asbestos) is used for the filtration. It is moistened with ether before the suction is applied. 
The filtration may here be done immediately after the precipitation. The precipitate is 
washed with water. M. Whittel {Chem. Zig., 7 , 559, 1883) recommends a drop of chloroform 
to coagulate the precipitate. 

* White silver chloride soon becomes violet and finally dark brown, almost black, when 
exposed to the light. Some claim that there is then an appreciable loss, pK>ssibly owing to 
the formation of a sub-chloride. G. J. Mulder, Die Bilberprobiermiethoden, Leipzig, 69, 1859. 
See also J. W. Mellor, A Cotnprdiensive Treatise on Inorganic and Theoretical Chemietry, 
London, 3 , 408, 1923. 
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(7*5 cm.) filter-paper.^ Wash by decantation a few times with water just 
acidified with nitric acid. Transfer the precipitate to the filter-paper ^ and wash 
with the acidulated water until a drop of the washings gives no turbidity with 
hydrochloric acid. Dry the precipitate between 90° and 95° and separate it 
from the paper. Keep the precipitate in a covered watch-glass. Incinerate 
the paper in a small weighed porcelain crucible — not platinum. Do not allow 
the paper to burn with a flame. When the carbon has disappeared, the 
chloride will be reduced to metal. Add a few drops of nitric acid and warm 
the crucible to dissolve the metallic silver; add a few drops of hydrochloric 
acid; evaporate the solution to dryness; then transfer the precipitate in the 
watch-glass to the crucible. Heat the crucible and contents gently, but 
not sufficiently high to fuse the silver chloride (455°). Cool and weigh as silver 
chloride. If the silver chloride so obtained is quite soluble in ammonia, 
the work is finished; if an insoluble residue remains, proceed as follows: — 

Ptirification of the Silver Chloride Precipitate. — In order to purify the 
precipitate from silica, alumina, or other impurities, if present, dissolve 
the precipitate in the crucible in aqueous ammonia; filter the solution to 
separate the insoluble residue; wash the residue with ammonia; acidify the 
solution with nitric acid; add a drop of silver nitrate; filter and wash the 
precipitated silver chloride as before. This precipitate can be collected on 
filter-paper, but a Gooch crucible with ignited asbestos is preferable. See 
page 467. 

Calculations. — The weight of the silver chloride multiplied by 0-24737 
represents the corresponding amount of chlorine. The sum of the different 
constituents in a silicate analysis may exceed the limit lOOiO-S if appreciable 
amounts of chlorine be present, because some of the chlorine will have been 
reckoned as oxygen in evaluating the bases. By the same process of reasoning 
as was used for fluorine, every n per cent, of chlorine obtained must be 
multiplied by 0*2256 in order to get the equivalent amount of oxygen, and 
the product is appended to the analysis in this form: '‘Less x per cent, of 
oxygen, equivalent to n per cent, of chlorine.’" 

Jannasch's Filter T‘k(he. — Instead of a Gooch crucible, the stoppered tube 
as recommended by Jannasch ^ may be used — fig. 159. This is fitted with a 



Fig. 159. — Jannasch "s Filter and Weighing Tube. 


layer of glass-wool, from 0*5 to 1*0 cm. thick, in the neck, B\ above this is 
a layer, 0, of asbestos such as is used for the Gooch crucible, 0*5 to 1*0 cm. 
thick. The narrow end of the tube is fitted into the filtration flask by means 
of a one-hole rubber stopper. Water is run through the tube until any 
particles of loose glass-wool have all been washed into the flask. Dry the 
tube for two or three hours at 150° and when cooled (50°-60°) insert the stopper 


> If the silver chloride contains no imparities, it is preferably filtered through a Gooch 
crucible with ignited asbestos. 

^ If any traces of chloride stick tenaciously to the beaker, dissolve them in ammonia, 
transfer the solution to a weighed crucible, acidify with nitric acid, evaporate to dryness, 
dty at 150^ and wei^. Add the weight to that of the main mass of silver chloride. 

* P. Jannasch^ PraHischer Leitfaden der Oewicht^mlyse, Leipzig, 11, 1904, Neither 
Jannasdh's tube nor the Gooch crucible is used for collecting the first precipitate if the 
silver chloride is to be freed from silica. 
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A and cool in a desiccator. Insert the stopper D and weigh. Filter the silver 
chloride precipitate through the tube and dry at 180®-*200°, as indicated above. 
Insert the stoppers as before and weigh. The increase in weight represents 
the silver chloride. 

The Determination of Soluble Chlorides in Clays. — The chlorine present in 
the soluble salts in clays can be determined gravimetrically as just described; 
or volumetrically,^ as indicated on pages 65 and 68; or by the turbidity 
method. The turbidity method is conducted in a similar manner to the 
turbidity process (page 718) for the determination of sulphates.^ A solution 
of silver nitrate must be substituted for barium chloride ; and sodium chloride 
substituted for calcium sulphate. 

§ 356. The Determination of Silver. 

The determination of silver is a reciprocal process to the determination 
of chlorides. In the latter case a silver salt is added to the soluble chloride; 
and in the former case a soluble chloride is added to the solution containing 
silver.® In each determination the precipitated silver chloride is prepared for 
weighing in the same way. The weight of the silver chloride multiplied by 
0*75263 gives the corresponding amount of silver. 

Benedickt and Gans* Gravimetric Process.^ — Add a slight excess of potassium 
iodide to the solution containing an excess of about 10 c.c. dilute nitric acid.® 
Any silver present is precipitated as silver iodide. If too great an excess of 
potassium iodide be added, some silver iodide may remain in solution. The 
solution is then heated. If any lead be present, the precipitated lead iodide 
will be decomposed by this treatment, soluble lead nitrate will be formed and 
iodine will be set free. The latter is volatilised. When the solution is free 
from the colour of iodine, the silver iodide is filtered off, washed and weighed 
as in the case of silver chloride. The weight of silver iodide multiplied by 
0*4594 gives the corresponding amount of silver. Hampe considers this “the 
most accurate of the wet processes for the determination of silver.’* It can be 
used for determining the amount of silver in lead compounds. 

For the volumetric processes for silver, vide pages 65 and 68;. for the 
cupellation process, page 336 ; and for metallic precipitation with cadmium or 
zinc,® follow the method of page 313. 

Whitby^s Colorimetric Process.’^ — This process is based on the development 

1 F. Muck {Zeit. anal. Chem., 22, 222, 1883), in the presence of organic matter, evaporated 
the liquid to dryness and moistened the residue with a solution of potassium or sodium 
hydroxide free from chlorine. Then warm the mass with chlorine-free potassium perman- 
ganate solution until the colour of the solution remains green. A drop of alcohol will destroy 
the green colour. Filter and wash. The chlorine is determined in the filtrate as usual. 

* T. W. Richards, Internat. Cong. App. Chem., 8, i, 423, 1913; P. A. Guye, Journ. Chim. 
phya.^ 10, 146, 1913; F. Meyer and A. Stabler, Zeit. anorg. Chem., 77, 255, 1913. 

* It appears to be advantageous to precipitate the silver by the addition of a soluble 
bromide, since silver bromide is less soluble than silver chloride; and still more advantageous 
to precipitate the silver as silver iodide, since this salt is even less soluble than silver bromide. 

* K. Benedickt and L. Gans, Chem. Zig.^ 16, 4, 12, 44, 1892; W. Hampe, t6., 18, 1899, 
1894; F. Pisani, Compt, rend.y 43, 1118, 1856; F, Field, Chem. News, 3, 17, 1861. 

* If antimony be present, the addition of tartaric acid prevents its contaminating the 
precipitated silver iodide. 

* A. W. Olasen, Journ. prakt, Chem., (1), 97, 217, 1866. For reduction with hydroxyl- 
amine, see A. Lainer, Monata., 533, 1888; with aluminium, N. Tanigi, Oazz. Chim. /to/., 
33, ii, 223, 1904; with cobalt, 0. Goldschmidt, Zeit. anal. Chem.y 45, 87, 1906. 

’ G. S. Whitby, InUimat. Congress App. Chem., 7, 12, 1910; Zeit. anorg. Chem., 67, 62, 
1910. Bee page 336. For the colorimetric determination of silver as colloidal sulphide, 
see K. C. D. Hickman, Phot. Journ., 62, 512, 1922; S. E. Sheppard and A. Ballard, Joum. 
Franklin Inst., 206, 659, 1928. 
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of a brown or yellow colour when a solution of a silver salt is heated with a 
little sodium hydroxide and an organic substance {e,g, dextrine, gum arabic, 
cellulose — filter-paper — starch, cane-sugar). The intensity of the coloration is 
proportional to the amount of silver present. The colour is sensitive enough to 
show the presence of silver in 50 c.c. of a solution containing one part of silver 
in 25,000,0fX) parts of solution; and it is possible to estimate 0-000002 grra. of 
silver in 50 c.c. of solution, i.e. 0*00004 grm. of silver per litre.^ 

Standard Solution, — Pipette 5 c.c. of a standard silver solution ^ into a 
1 50 c.c. beaker. Dilute the solution to 50 c.c. Add a few drops of a concentrated 
solution of cane-sugar. Immerse the beaker in a bath of boiling water for 
2 minutes; add 5 drops of a 1-ON-solution of sodium hydroxide and heat the 
mixture for 20-30 seconds after the colour has appeared.^ Cool the solution 
and transfer it to a Nessler’s glass. 

Test Solution. — The silver solution under investigation is appropriately 
diluted and treated as described for the standard solution.^ 50 c.c. of the 
solution are transferred to a Nesslcr’s glass. The tint of this solution should 
be of nearly the same intensity as the tint of the standard solution. If not, 
either the standard or the test solution must be diluted and the operations 
(development of colour) repeated. 

The Comparisofi. Water is run from a burette into the Nessler’s glass 

containing the standard solution, until the colour is of the same intensity in 
both glasses. The number of c.c. of water needed to dilute the 50 c.c. of the 
standard solution to the same intensity of colour as that of the 50 c.c. of the 
test solution gives the necessary data for calculating the amount of silver in 
the test solution (page 192) 

Whitby says that ammonia should be absent, but minute traces of copper, 
zinc, mercury, bismuth, cadmium and lead, in quantities insufficient to give an 
appreciable precipitate with sodium hydroxide, do not interfere with the result. 

JeXley's Colorimetric Process. — Jelley^ says that Whitby’s process also 
fails in the presence of cyanides and thiosulphates and, moreover, that the 
colour is due partly to the colloidal silver and partly to the coloured products 
from the decomposition of the sugar or other carbohydrate used in the reduc- 
tion. Jelley finds that very dilute ammoniacal s^olutions of silver are reduced 
by sodium hyposulphite, Na28204, giving clear yellow colloidal solutions, in 
which the depth of colour varies linearly with the silver content between 
2 and 16 mgrms. per litre. Gelatin is added as a protective colloid to keep the 
silver in a highly dispersed form. 

Standard Solution. — Pipette 9*27 c.c. of 0-lN-silver nitrate (or weigh out 
0-1575 grm, of pure silver nitrate) into a litre flask, add 25 c.c. of ammonia 
solution (sp. gr. 0-88) and dilute to the mark with copper-free distilled water. 
1 c.c. of this standard contains 0-1 mgrm. of silver. 

Test Solution. — An aliquot portion, say from 10-40 c.c., of the ammoniacal 
silver solution is pipetted into a 50 c.c. graduated flask. Add 10 c.c. of 


^ F. Jackson, Joum. Amer. Chem. Soc.j 25 , 992, 1903; W. Bottger, Zeit. angew. Chem.y 
25 , 1992, 1912. 

* Silver Nitrate Solution. — The standard silver nitrate solution should contain the 
equivalent of about 0*00001 grm. of silver per c.c. The standard solution should be prepared 
the same day as the determination is made; otherwise its tint deepens if it be allowed to stand 
for any length of time. 

* Bo not heat more than about 2 minutes. 

* If no coloration appears after the solution has been heated 2 minutes, it can be assumed 
that silver is absent. 

< E. E. Jelley, Jowm. 80c, Chem, Ind,, 51 , 191T, 1932. 
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ammoniacal gelatin solution ^ and about 0*04 grrn. of dry sodium hypo- 
sulphite. Dilute to the mark with approximately l*()N-ammonia and shake 
well. Pour the whole of the solution into a dry boiling tube and warm to 
50° in a water bath until the colour develops. 

From previous experience, an amount of the standard solution is taken 
which will give an approximate match in colour when treated similarly and 
the colours of the two solutions are then compared in a colorimeter. Copper, 
cadmium, cobalt and nickel interfere. If these are present, an aliquot portion 
of the solution is treated with bromine water and hydrobromic acid and 
evaporated until the silver bromide has coagulated. The precipitate, which 
may also contain lead and thallium bromides, is filtered off through a sintered 
glass filter crucible and washed with water. The crucible is placed in a small 
beaker and the precipitate digested in the cold for 3-4 hours with 10 c.c. of 
concentrated ammonia. After filtering and washing, the filtrate is diluted 
so that it contains about 10 mgrms. of silver per litre. 


§ 357* The Determination of Iodine. 

Iodine, to the extent of 0*01-0*2 per cent., is not uncommonly present in 
mineral phosphates. It can be detected by digesting the finely powdered 
phosphate with concentrated sulphuric acid in a flask so arranged that a cur- 
rent of air is aspirated first through the flask, then through carbon disulphide 
or chloroform. The pink or violet colour of the solution shows the presence 
of iodine. Iodine is of no known technical importance in the silicate 
industries. Hence, the subject can be dismissed very briefly. 

Thiercelin ^ determines iodine in phosphates, etc., by digesting a large 
quantity of the substance, say 100 grnis., with a mixture of equal parts of 
sulphuric acid and water in a 500 c.c. flask or retort arranged so as to conduct 
the vapours into potash lye contained in suitable absorption tubes, say, fig. 
147. The mixture in the flask is boiled (about 30 minutes) until all the vapours 
of iodine have been driven into the absorption tubes. The alkaline solution 
from the absorption tubes is treated with an excess of sulphurous acid to 
convert the iodates into iodides : KIO3 -f SSOg + 3H2O = KI + 3H2SO4. 

The iodine absorbed by the lye can be determined as silver iodide by adding 
an excess of silver nitrate to the solution neutralised with nitric acid, and 
then adding an excess of nitric acid, in which silver iodide is almost insoluble.® 
The precipitated silver iodide is treated as if it were silver chloride (page 746); 
but silver iodide is not so readily reduced as the chloride and it may even be 
safely ignited with the filter-paper. The weight of silver iodide multiplied 
by 0*5406 gives the corresponding amount of iodine. 

Sometimes iodine is determined as cuprous iodide ^ by adding a solution 


1 Ammokiaoal Gelatin Solution.— Digest 2 grms. of pure, ash-free gelatin in a little 
water until softened, then warm until it diraolyes,* add 1(K) c.c. of ammonia (sp. gr. 0*88) 
and dilute to 1000 c.c. with copper-free distilled water. Warm the solution on a water bath 
for 6-7 hours at 95°. 

* M. Thiercelin, Bull. Soc. chim., (2), 2a, 435, 1874. 

^ If the solution be first acidified with nitric acid, there is a risk of liberating iodine. If 
the solution be coloured with iodine, it is best to add a little sulphurous acid to decolorise 
it S0,+I,H-2Ha0=2HI + HjS04. 

* F. Mohr, Ztii. anal. Chem., 12, 366, 1873; H. Zenger, Archiv Pharm., {Z), 3, 137, 1873; 
J. Krutwig, Rer., 17, 341, 1884; E. Fleischer, A System of Vdume^ic Analysis, London, 
97, 1877. 
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of ainmoniuin cuprous chloride ^ to the solution of the iodide acidified with 
hydrochloric acid, and containing a sufficient excess of aniinonium chloride to 
prevent the precipitation of cuprous chloride by the aqueous solution. The 
precipitated cuprous iodide i*s collected on a tared filter“paj)er, or better in a 
Gooch crucible, dried and weighed as OU2I2. This method, however, offers no 
particular advantage over the silver iodide process. 


1 Copper turninj^s arc digested in a solution ol cupric chloride and ammonium chloride, 
acidified with hydrochloric acid. ^Sufficient ammonium chloride must be present to prevent 
the reagent giving a precipitate when diluted with water. 



CHAPTER XLTV. 

THE RATIONAL ANALYSIS OF CLAYSA 


§ 358. Clays. 

It may be desirable to preface this chapter with a few explanatory words. 
Kaolin is a general word applied to china clay rock and to china clay 
obtained by the washing of china clay rock. The term clay not only covers 
all the different varieties of clay but also a substance approximating to 
Al2O3.2SiO2.2H2O in composition. This formula is supposed to represent a 
constituent common to all clays, and which has hence been variously termed 
‘‘clay base,” ‘‘clay substance,” “clay proper,” “clay matter,” “ideal clay.” 
The word kaolinite is applied to a crystalline mineral with the empirical 
formula Al2O3.2SiO2.2H2O. We are almost sure that a colloidal su))stance 
with the same empirical composition exists in most, probably in all, clays. 
This is here called clayite for distinction, since it has several properties different 
from kaolinite. If it were not for the dread of multiplying terms, a word 
would be coined to include both clayite and kaolinite. We use tlie term 
argillaceous matter for that heterogeneous mixture which is removed from a 
clay by the treatment used in the method of “rational analysis.” It includes 
clayite, kaolinite and other minerals,*^ 

Clays are produced by the weathering and disintegration of various kinds 
of rocks which occur on or near the surface of the earth. If the clay occurs 
where it has been formed, it is called a 'primary or re^ndual clay; and if the 
clay has been carried elsewhere it is called a secondary or transported clay. 
The transported clays are the washings and sweepings of the hills, which 
Nature has accumulated as her rubbish-heaps in convenient places. Kaolinite 
or clayite and quartz are common to nearly all clays, while felspar and mica 
are so common in clays that these four constituents can reasonably be regarded 
as the primary constituents of clays. The list of secondary constituents^ which 
usually occur in relatively small quantities, is very extensive. In the first 
place, we find fragments of various kinds of rock~-6.^. granite, trachyte, 
rhyolite, syenite; and in the second place, fragments of numerous minerals 
have been reported in clays — 


^ Much of the original matter in this chapter is the result of experiments made on the 
rationale of the method of rational analysis during the investigation of the composition of 
dusts for Sir Henry Cunynghame, chairman of the Committee appointed to Inquire into the 
Causes and Remedies for Coal Dust Explosions in Coal Mines, The reader must thank the 
chairman for permission to use such experiments as we thought fit for this chapter. Most 
of the work was done by Messrs A, D. Holdcroft and C. Edwards, during 1911. 

» J. W. Mellor, Trans, Cer, 80 c,, 8 , 23, 1909; Pot, Oaz,, 34 , 927, 19(K1. 

* See H, G. Schurecht, Joum, Amer, Cer, 80 c,, 5 , 3, 1922; J. S. McDowell, t 6 ., 9 , 65, 
1926. 
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Anata»e, andaluHite, apatite, aiigite, bronzite, calcite, chlorite, corundum, cyauite, 
diaspore, dolomite, dumortierite, enstatite, epidote, fluorspar, garnet, gilbertite, glauco- 
phane, gypsum, haematite, hornblende, hydrated alumino-silicates related to clayite, 
hypt^rsthene, ilmenite, Jeucoxone, lignite, limonite, magnesite, magnetite, nephcline, 
nontronite, olivene, prehnite, pyrites, rutile, scapolite, selenite, serf)entine, siderite, 
sillimanite, spinel, staurolite, titanite (sphene), topaz, tourmaline, vivianite, zeolite, 
zircon, zoisite. 

The secondary constituents are usually present in small quantities and in a 
more or less advanced state of decomposition. The rational analysis is an 
attempt to express the composition of a clay in terms of the primary constituent 
minerals. 

§ 359* 'The Separation of Minerals by Treatment with 
Chemical Reagents. 

Clay is a heterogeneous mixture of several different minerals. The chemical 
methods for estimating the minerals in clays are based on differences in the 
rates at which the various minerals are attacked by diffenmt reagents. The 
separation of the constituents of a clay which are soluble in w^ater (page 716) 
is a comparatively simple examjde, whereas the digestion of clay with hydro- 
fluoric acid is more, complicated. Quartz, felspar, leucitc and minerals rich 
in silica are in general quickly decomposed by treatment with hydrofluoric 
acid under conditions where sillimanite, staurolite, topaz, tourmaline, zircon 
and many titanium minerals are but little attacked; while mica, hornblende 
and spliene are partially decomposed.^ Unfortunately, the differences in the 
rates of attack of the more important minerals in clays by known reagents are 
not usually great enough to allow a perfect separation. Before one mineral is 
completely decomposed, others will have succumbed to the attack. Hence, 
the products of decomposition of the one mineral will be more or less con- 
taminated with products derived from the partial decomposition of other 
minerals. Hydrochloric acid, for example, is frequently used to remove iron 
oxides, and calcium, magnesium and iron carbonates from clays. But if the 
clay contains olivine, serpentine, chlorite, nepheline, epidote, leucite and 
zeolites, the acid may do too much work, for these minerals are more or less 
decomposed by the same treatment. Similar remarks apply, rnutaiis mutandis, 
to the action of sulphuric acid. Compare with page 591. 

The analysis of clays by digesting the powdered sample in sulphuric acid, 
followed by solutions of caustic alkalies, was common enough at the end of the 
eighteenth and at the beginning of the nineteenth centuries, as is evidenced 
by the analyses of Bergmann, Hochmeimer, Kirwan, Klaproth, Larnpadius, 
Bchonbauer, Vauquelin and Westrumb.^ In 1835, Forchhaminer ^ showed 

^ F. Fouque, Cornpt. rend., 7 $, 1090, 1872; 79 , 869, 1874; F. Foiiqii 6 and M. Levy, 
Minemlagie mkrographique, Paris, 116, 1879; .1. B. Mackintosh, Svh<tol Mines Quart., 7 , 384, 
1886; Journ, Amer. Chem. Soc., 8 , 210, 1886; Chem. News, 54 , 102, 1886. Mackintosh 
believes that, the denser the mineral, the less is it atta<;ked by the acid; and that the rate of 
attack by hydrofluoric acid does not depend upon the proportion of silica, but rather on the 
nature of the bases. K. Obbeke, Neues Jahrb. Min., i, 456, 1881; J. Hazard, Zeit. anal. 
Ohe.m., 23 , 158, 1884; Chc,m. News, 50 , 33, 1884. 

* T. Bergmann, Opuscula Physica el Ohemica, HolmisB, 2 , 399, 1780; C. F, A. Hoch* 
ineimer, Mineralogische Ghemie, Leipzig, 1792; R. Kirwan, Physich-chemische Schriften, 
Berlin, 1783; M. H. Klaproth, Beitrdge zur chemischen Kenntniss der Mineralkorper, Berlin, 
1795; W. A. Larnpadius, Handbuch zur chemischen Analyse der Mineralkorper, iWiburg, 
1801; J. A. SohOnbauer, Neue. analytische. Meihode die Mineralien und ihre Bestandtheile 
Richiig zu Bestimmen, Wien, 1805; L. N. Vauquelin, Anleitung zur chemischen Analyse der 
Fosstlen,’* ScherePs Joum,, 3 , 410, 1799; J. F. Westrumb, Kleine physisch^chemisehe Abhand- 
luwgen, Leipzig, 1785. 

* G. Forchhammer, Pogg. Ann,, 35 , 331, 1835; Ann. Mines, (3), 7 , 617, 1836. 

48 
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that, when certain clays are digested with sulphuric acid, the ultimate com- 
position of the soluble portion corresponds very nearly with the formula 
Al 2 O 3 . 2 SiO 2 . 2 H 2 O ; while the residual insoluble portion is mainly felspar and 
quartz. Hence, Forchhammer attempted to determine the mineralogical com- 
position of certain clays by successive treatment with different reagents. 
After leaching out the constituents soluble in hydrochloric acid, he extracted 
the residue alternately with hot sulphuric acid and an aqueous solution of 
sodium carbonate. This treatment was supposed to remove the argillaceous 
matter. We shall, however, soon see that a variety of other minerals, e.g, 
mica, felspar, fluorspar, are more or less attacked by this treatment. Forch- 
hammer’s process has been more or less modified by Brongniart and Malaguti, 
Seger,^ among others, and extensively used — principally in Germany --with 
Brongniart’s designation, Vanalyse rationelle. The so-called rational analysis 
is a first approximation or attempt to represent the mineralogical composition 
of a clay in terms of the three important minerals — kaolinite, felspar and 
quartz — and hence it can also be called a “mineralogical analysis,” mde page 
590. The essential features of the process are: — 

Remove the argillaceous matter by digestion with hot concentrated 
sulphuric acid and wash the residue alternately with alkaline lye and hydro- 
chloric acid.^ The difference between the weight of the dried residue and the 
original sample represents argillaceous matter. The residual f el spathic and 
quartz detritus is evaporated to dryness with hydrofluoric and sulphuric acids 
and the alumina determined in the residue. The amount of felspar corre- 
sponding to the alumina, thus found, is computed and the quartz is determined 
by difference. One modus operandi is as follows: — 


§ 360. The Rational or Mineralogical Analysis of Clays. 

Preliminary Treatment , — If the clay contains soluble salts, they are removed 
by the process given on page 716; if it contains colloidal silica, this can be 
removed as given on page 765; and if it (contains carbonates— calcium, 
magnesium, iron — or free iron oxide, these should be removed by digesting, 
say, 5 grms. with dilute hydrochloric acid (page 591) before treatment with 
sulphuric acid. The hydrochloric acid also removes colloidal aluminium and 
iron hydroxides, and it attacks some of the argillaceous matters, as well as 
apatite, haematite (powdered), magnetite, leucite, sodalite, nepheline, olivine, 
wollastonite and most of the zeolites; while scapolite, plagioclase, serpentine, 
chlorite and the more compact iron oxides are but slowly attacked. Hence, 
Weinschenk ® recommends chloric acid, in place of hydrochloric acid, to avoid 
breaking up silicates when the carbonates are decomposed. The washed 


1 A. Brongniart and J. Malaguti, Arch. Mus, Hiet. Nat., 2, 219, 1841 ; J. Aron, Notizblait, 
XO, 226, 1874; M. Finknar, ib., 3, 119, 1867; C. Bischof, ib., ii, 120, 1875; H. A. Seger, 
»6., 12, 245, 1876; Tonind. Ztg., i, 272, 1877; G. Lxmge and C. Millberg, Zeii. angew. Chem., 
10, 393, 425, 1897; Monit. Sci., iz, 867, 1897; J. Burian and J. Jurinek, Chem. Listy, 1, 
1912; 8ili1c^-Zeit., 2, 12, 1914; W. A. Mvig, Carnegie Inei. Tech. Min. Met. lnf>est. Bull., 
21, 1925; A. Skaw, Analyst, 59, 446, 1934; L. R. L. Dunn, ib,, 60, 35, 1935; O. Boudouard 
and J. Lefranc, Bull. 80 c. chim., (4), 31, 1145, 1922; A. 8taasons,^5me Gong. Chim. Ind. 
(BruxeUes, 1935), 155, 1936; O. Kallauner (with J. Simane), Zprdvy Veshoslov. Keram. Spoh., 
IX, 24, 1934; Chem. Zentr., (2), 2865, 1934. 

‘ In future, it will be convenient to refer to this sequence of operations as the **acid^ 
alkali treatment.*’ 

» B. Weinschenk, Die gesteinbildenden Mineralien, Freiburg, 11, 1907; New York, 150, 
19121 For the action of organic acids on minerals, see page 5^. 
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residue is dried and weighed. The loss in weight represents the matters 
soluble in the acid. The carbon dioxide, if desired, can be determined by 
a gravimetric process, and the lime, magnesium and iron determined in 
the acid solution if necessary. If the carbon dioxide be determined by weight 
(page 625), the acid-alkali treatment can be applied to the washed residue, or 
to a new sample, as described below, and an allowance made when the clay 
substance is determined. 

In illustration, Altofts’ shale gave 4*42 per cent, of carbon (page 616) and 
2*44 per cent, of carbon dioxide (page 625). The solution of the shale in 
hydrochloric acid contained much iron and very little lime or magnesia. Hence 
it was inferred that the shale contained ferrous carbonate. One part by weight 
of carbon dioxide corresponds with 2-632 of ferrous carbonate, and accordingly 
the shale contained the equivalent of 2-44 x 2-632 = 6*42 per cent, of ferrous 
carbonate. 

Removal of Argillaceous Matters . — The residue from the preceding operation, 
or, if carbonate be absent, about 5 grms. of the clay, dried at 110°, is placed 
in a 10(K) c.c. porcelain basin. Add 100 c.c. of water and triturate the mixture 
with a rubber-tipped glass rod or rubber pestle, so that the clay is thoroughly 
disintegrated.^ This procedure breaks down clots of clay, if present, and so 
lessens the risk of any clay escaping the action of the acid. Add 100 c.c. of a 
mixture of equal volumes of concentrated sulphuric acid and water to the 
clay “slip.” Cover the basin with a clock-glass. If the clay is dark-coloured, 
add a few drops of concentrated nitric acid to destroy the organic matter.^ 
Warm the mixture over an Ostwald’s heater,® with frequent stirring, until the 
water is all evaporated and the acid begins to fume vigorously. The tempera- 
ture should be such that this occupies between 45 and 60 minutes. The dish 
is allowed to cool for about half an hour and then it is nearly filled with 
water ^ and the contents thoroughly mixed. Wash the rod and cover-glass. 
Let the dish stand undisturbed for about four hours to permit the residue to 
settle. Decant the liquid contents of the dish into a 2-litre beaker, taking care 
that no solid particles are transferred from the dish.® Add 300 c.c. of Lunge’s 


^ The addition of a drop or two of aqueous ammonia or soda lye greatly helps the dis- 
integration of the mass, as does boiling the mixture for about 10 minutes, but any water 
lost by evaporation should be restored. The clay must not l>e powdered in an agate mortar 
for this operation, as is done in the ultimate analysis. 

* If the clay contains organic matter, e.g. lignite, rootlets, A. Sabeck {Chem. hid., 25, 
90, 1902) recommends the addition of about 15 c.c. of nitric acid after the clay has been 
digesting with the sulphuric acid for a couple of hours. If cldoric acid be used for decom- 
posing the carbonates, much of the organic matter will be removed at the same time. H. 
Stremme {Ker. Bund., 22, 325, 1914; J. Burian and J. Juranek, Chem. Listy, 37, 1, 1913 ; Silikat- 
Zeii., 2, 12, 1914) uses chromic acid. K. A. Vesterberg et al. {Ark. Kemi Min. Geol., 9, No. 
14, 1, 1925; Chem. Zentr., (2), 1663, 1926; H. Boege, Chem. Erde, 3, 341, 1927; O. Kallauner 
and J. Matejka, Sprechscuzl, 47, 423, 1914; Chem. Zentr., (2), 732, 1914) treat the clay with 
20 per cent, hydrochloric acid, ignite the residue at c. 700^^ and again digest it with the acid. 
Compare G. Linck, Chem. Erde, 3, 370, 1927. Note, organic matter is included with “argil- 
laceous matter” by this method of treatment. The error, if neglected, is serious with some 
clays — e.g. black ball clays. 

® W. Ostwald, Zeit. anal. Chem., 31, 180, 1892; F. Muck, ib., 28, 661, 1889; J. Volhard, 
Liebig's Ann., 286, 330, 1896. 

* Caro is necessary in adding water to concentrated sulphuric acid. Some prefer to lift 
the cover of the dish a little and spurt water from the wash-bottle on the under side of the 
clock-glass. 

* In pouring off the bulk of the liquid (down a glass rod in the usual way) the sediment 
is distur^d. It is best to decant all but about 100 c.o. of the liquid. Let this stand about 
16 minutes to settle and again decant. This enables more liquid to be poured off with less 
risk of losing the insoluble residue. 
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solution ^ to the residue and heat the mixture, with frequent stirring, until it 
begins to boil. Wash the rod and covw-glass. ]jet the mixture cool for about 
a couple of hours. The liquid should be clear. If the sediment does not 
settle and docculcnt masses remain in suspension,*^ it is probable that the clay 
is but imperfectly decomposed.^ Decant off the alkaline lye, stir up the 
residue with about 500 c.c. of concentrated hydrochloric acid and boil the 
mixture for about five minutes; this dissolves the iron hydroxide, etc. Stir 
up with water. Let all stand for about five hours. Decant off' the acid.^ 
Repeat the treatment with about 150 c.c. of Lunge’s solution, followed by 
digestion with 200 c.c. of hydrochloric acid. Stir the mass with about 200 c.c. 
of water, decant and wash the residue with dilute hydrochloric acid (1 volume 
of acid, 2 volumes of water) into a close-felted filter- pa})er; ^ wash twice with 
the dilute acid and three times with waO^r. Ignite the filter-paper with its 
contents in a weighed platinum crucible. The ignited residue is generally 
styled '‘fels[>ar and quartz” and treated as described below. The difference 
between the weight of clay subjected to the a(‘id-alkali treatment and the 
weight of the “felspar and quartz” represents “argillaceous matter” also 
called '‘clay substaiu^e.” In illustration of the weighings, and method of 
calculation, the rational analysis of Altofts’ shale ® may be cited: 


Clay originally taken .... 5*0(K)0 grnis. 

Crucible and residue .... 35*3236 ,, 

Crucible empty ..... 33*2950 

Quartz and felspar. , . . 2*0286 ,, 

Soluble matter (difference ’) . . 2*9714 ,, 


Hence, 59*43 per cent, of matter has been removed by the acid-alkali treatment 
and 40*57 per cent, remains as a residue. Preceding determinations (])age 754) 
showed that this 59*43 })er cent, of soluble matter contained: — 

Carbonaceous matter .... 4*42 2 )er cent. 

Ferrous carbonate (siderite) . . . 6*42 ,, ,, 

Argillaceous matter (by difference) . . 48*59 ,, ,, 


^ Lcnoe’s Solution. — Dissolve 1(K) grms. of crystallised sodium carbonate and 10 grms. 
of sodium hydroxide in water and make the solution up to a litre. Remember that this 
solution will dissolve silica from the glass of the bottle in which it is kept. A five or six per 
cent, solution of caustic soda is frequently used in place of Lunge’s solution. Different 
workers also prescribe different strengths of caustic soda solution (see p. 761, footnote 1). 
Lunge’s solution is fairly well known and there is at present no adequate reason for recom- 
mending a change. 

2 Flecks of silicic acid, organic matter and iron hydroxide will probably be present. 

® J. A. Kdrner {Beitrag zur Kenniniss der EUdsser Thone^ Strassburg, 1900) removes the 
soluble silica left after the action of the sitlphuric acid as follows: — Wash the residue from 
the sulphuric acid treatment with dilute hydrochloric acid (1 : 3) and incinerate the residue 
to bum off the filter-paper. Digest the mass on a water bath for five minutes with 0*5 per 
cent, hydrofluoric acid; filter and wash with dilute hydrochloric acid; ignite and weigh as 
“quartz and felspar.” Hydrofluoric acid of this strength is said not to attack the quartz 
appreciably. 

* If flecks of clay be present, the sulphuric acid has not done its work. The residue is 
usually more or less gritty, although flecks of organic matter may be present. 

® Note that in the filtration very fine particles of undecomposed felspar and quartz have a 
tendency to pass through the paper and thus swell the proportion of argillaceous matter, at 
the expense of the residue. 

* We have purposely selected an awkward clay, because it enables us to emphasise the 
strength and weaknesses of the process of rational analysis. 

^ The filter-papers used were almost ashloss. 
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Efitiniation of the Felspathic and Quartz Detritus . — The residue in the crucible 
is mixed with about 5 c.c. of water, about 4 drops of sul])huric acid and 15 c.c. 
of hydrofluoric acid.^ The crucible is then placed on a sand bath or over a 
small flame and heated until its contents are nearly dry. Repeat the o})eration 
with the addition of more hydrofluoric acid. Let the mass cool, digest with 
water and add ammonium chloride and ammonia as indicated on page 164 for 
the precipitation of iron and aluminium hydroxides. Filter, w'ash with hot 
water, ignite and weigh. Call the mixture of oxides “alumina.” Thus, with 
the above clay: 

Crucible and contents ..... 33-3477 grriis. 

Crucible empty ...... 33-2986 ,, 


“Alumiiia” precipitate .... 0-0491 grm. 

Since one gram of alumina corresponds with 5-459 grins, of potash felspar, 
the weight of the preci])itate, multiplied by 5-459, gives its equivalent in potash 
felspar. 2 We thus obtain 5-459 x 0*0491 —0-2680 grm. of felspar per 5 grins, 
of clay — that is, 5-36 per cent, of felsjiar.^ We then have : - 

Felspar and quartz residue . . . 40*57 ])er cent. 

PVlspar calculated ..... 5*36 ,, 

Quartz debris ..... 35-21 ,, 


Neglecting the second decimal, the rational analysis thus reads: 


Carbonaceous matter 
Ferrous carbonate (siderite) 
Argillaceous matter 
Felspathic detritus 
Quartz debris 


4*4 

6*4 

48-6 

5-4 

35-2 


per cent. 


)> 

)> 


Errors . — Apart from the difliculties which arise from our ignorance of the 
nature of the constituent minerals and the fact that the acid and alkaline 
solutions do more work than accords with the hyjiothesis on which the process 
is based, the chief errors of manipulation are: (1) Incomplete decomposition 
of the kaolinite or clayite. (2) Imperfect removal of the products of the 
decomposition. These two errors make the fels])athic detritus too high and 
the argillaceous matter too low. (3) Loss of a portion of the felspathic and 
quartz detritus either during the decantation ^ or by passage through the pores 


^ M. Lindhorst, Tonind. Ztg.^ 2 , 435, 1878; K. Daniel, Zeit. anorg. Chem.y 38 , 257, 1904. 
H. Rose’s method \Pogg> Ann., 108 , 20, 1859) for driving off the silica by thoroughly mixing 
the residue with ammonium fluoride in an agate mortar and moistening with sulphuric acid 
may be used. Let the mixture stand in a warm place for a few hours, heat until the silicon 
fluoride has been driven off and repeat the treatment if any of the mixture has escaped 
decomposition. Fusion with sodium carbonate (page 144), as first recommended by Seger, 
is not so convenient, 

* Attempts to remove felspar from the first residue by digesting the mixture at 200'' 
with alkali phosphates and with microcosmic salt have not been successful, because the 
finely divided quartz is seriously attacked at the same time as the felspar— A. Miiller, Joum. 
prakt. Chem., ( 1 ), 95 , 43, 1865; (1), 98 , 14, 1866; Zeit. anal. Chem., 5 , 431, 1866; E. Laufer, 
ib., 17 , 368, 1878; Ber., ii, 60, 935, 1878; E. Wunderlich, ib., 14 , 368, 2811, 1881 ,- J. Hirsch- 
wald, Journ. prakt. Chem., (2), 41 , 360, 1880; E. A. Wiilfing, Feues Jahrb. Min. B.B., y, 174, 
1891; K. Haushofer, Sitzber. Acad. Wiss. Munchen, 8 , 1889. 

* Borne consider that a more exact determination of felspar can bo obtained by determining 
the alkalies and not the alumina by the method of page 219. 

* To avoid this error, some prefer to filter the decanted liquid and wash the residue with 
the acid and alkaline lye. E. Greiner, Sprech.^ 42 , 399, 413, 1909. 
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of the filter-paper. This error makes the argillaceous matter too high and the 
felspathic detritus too low. 

The whole process occupies about two days. If a start be made in the 
morning, the first alkali and hydrochloric acid decantations can generally be 
done the first day. Of course, other work can be done while the sediments are 
settling. Thus, two analyses can be conducted side by side in two days. In 
order to get comparable or consistent results, it is highly important to follow 
the directions, e.7. concentration of reagents, time of heating, somewhat 
closely. The reason for this will now be discussed. 


§ 361. The Effect of the Acid- Alkali Treatment on some 
of the Minerals in Clays. 


Sulphuric acid decomposes the hydrated alumino-silicates and zeolites 
forming aluminium sulphate and silicic acid. The soda treatment removes 
the latter, hydrochloric acid the former. At the same time, the soda attacks ^ 
the felspar somewhat rapidly, while the accessory minerals hornblende, augite 
and biotite are attacked rather more slowly. Andalusite, epidote, prehnite 
and muscovite are but vslightly attacked by the same reagent. It is therefore 
interesting to get some idea of the effect of the treatment with sulphuric acid, 
caustic soda and hydrochloric acid on the minerals usually found in clays. 
The samples were treated exactly as if they were being analysed by the 
‘‘rational” process just described. 

1. Felspar , — The felspar in clays is attacked by the acid-alkali treatment 
and finely divided felspar more vigorously than the coarse-grained mineral. In 
illustration, clear ^ crystals of albite (soda felspar) from Maderanerthal 
(Switzerland), and clear crystals of orthoclase (potash felspar) from Aletsch- 
gletscher (Switzerland), were powdered and treated as if they were samples 
undergoing “rational analysis” by the method described above. The results 
were: 

Coarse. Fine. 


Average diameter of grain 
Albite dissolved . 
Orthoclase dissolved 


0- 082 0-032 mm. 

1- 76 14-69 per cent. 

0-86 13-01 


The term “coarse” here refers to powder which passed through a 120’s lawn 
and remained on a 200*8 lawn, while “fine” refers to that which passed through 
the 200*8 lawn.® In further illustration of the effect of size of grain another 
series of determinations with a clear glassy sanidine from Wehr (Eifel) gave: 

Average diameter of grain . 0-165 0-082 0-032 mm. 

Sanidine dissolved . . . 0-34 0-64 15-64 per cent. 

These results are plotted in fig. 160, which brings out the fact that, although 
the effect of the treatment on coarse-grained felspar is negligible, the effect on 
the small grains is vigorous. Sabeck says that if the clay contains no more 


1 J. Lemberg, Zeit, deut, geoh Qea,, 35 , 560, 1883; G. S. Tilley and J. D. Sullivan, Joum, 
Amer. Ger, Soc,, 7 , 379, 1024. 

* These samples were selected because they were clear and free from any visible signs of 
weathering. 

> J. W. MeUor, Trans, Ger, 8oe,, 9 , 94, 1910. See page 108. 
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than 10 per cent, of felspar, ‘‘the total error introduced by the decomposition 
of felspar by the sulphuric acid treatment does not exceed 0*2 per cent.’’ under 
the conditions of his experiments, which were not very different from those 
mentioned above. Sabeck’s results agree with those obtained by Seger (2*24r 
per cent, dissolved) and Jackson (2*24), but Langenbeck’s figure was 17*3 per 
cent.^ It might be thought that fig. 160 makes it questionable if Sabeck’s 
argument is sound, because many of the felspathic grains in felspathic clays 
may be finer than can be obtained by artificial grinding, although it is probable 
that, if felspar so finely divided were de- 
posited with the original clay, it would 
have weathered or changed comparatively 
quickly. 

There is some uncertainty as to the com- 
position of the particular felspar or felspars 
in a given clay. It is not easy to get 
felspar free from symptoms of weathering, 
for even the so-called clear crystals are 
usually affected. Much more then is it 
probable that the felspathic grains in clays 
will be more or less weathered. Weathered 
felspar dissolves rapidly in sulphuric acid. 

Consequently, it is not surprising to find 
results so divergent as 2*24 (Seger) and 17‘3 
(Langenbeck), even when the conditions of 
the experiment and the degree of fineness of the felspar undergoing treatment 
are the same. 

The attack is largely determined by the concentration of the different 
reagents, as well as the duration and temperature of the digestion in the 
acid-alkali treatment. It is therefore necessary to arrange conditions such 
that the felspar is affected as little as possible. It is a disadvantage to have 
the sulj)huric acid too dilute, for it will then change considerably in volume 
during the digestion and particles of the clay may be left on the sides of the 
dish, as water evaporates, and consequently remain unattached.^ Sufficient 
acid must also be present to ensure the decomposition of all the argillaceous 
matters. 

2. Mica, Nepheline and Hornblende , — If mica be present in the clay, as it 
usually is, it will be more or less attacked by the treatment. Some varieties of 
mica— phlogopite, for instance — will be almost completely decomposed along 
with the kaolinite. As in the case of felspar, the experimental evidence shows 
that the attack is dependent upon the type of mica present in the clay, the 
concentration of the reagents, the time of heating and the state of subdivision 
of the mica. Here are some results with selected samples of mica treated by 
the same process as that used for the felspars: — 


005 OiO (H5 
Avenge gram size 

Fio. 160. — Effect of Grain Size on 
the Solubility of Potash Felspar. 


1 H. Rose, Scherer's Joum., 8 , 233, 1803; H. A. Seger, Notizblatt, I2, 245, 1876; Qesam- 
melts Schriften, Berlin, 42, 1896; Easton, Pa., i, 53, 1902; K. Langenbeck, The Chemistry 
of Pottery, Easton, Pa., 9, 1895; W. Jackson and E. M. Rich, Joum. Soc, Chem, Ind,, 19 , 
1087, 1900; A. Sabeok, Chem, Ind,, 25 , 90, 1902; J. Burian and J. Juranek, Chem, lAsty, 1 , 
1912; Silikdt-Zeit., 2 , 12, 1914; J. Spliohal, Jahrb, Min,, (1), ref. 12-15, 1914; Abh, bdhm. 
Akad,, No. 12, 1 , 1913; R. Fresenius, AnUitung zur quantitativeM chemisehen Analyse, 
Braunschweig, 2 , 352, 1877. 

® C. Bischof (1884) and H. Hecht (1895) recommended an acid 1 : 6 ; H. A. Seger (1875), 
C. Bischof (1904), G. Lunge (1908) and A. Sabeck (1903), 1:3; H. A. Seger (1893), A. 
Leopold (1905) and E. Berdel (1903), I ; 2; and B. Zsohokke U902), 1 : L 
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Effect of Rational Analysis on Mica [fcr cent, dissolved). 


Size of grain (average 

Muscovite. 

Lepidolite. 

Biotite. 

Phlogopite. 

Clermont Ferrant 

Rozna 

Miask 

Ontario 

diameter, mm.). 

(Auvergne). 

(Mahren). 

(Ural). 

(Canada). 

Coarse — 0*087 

54*94 

67*94 

71*07 

88 *(X) 

Fine— 0*040 . 

_ _J 

55*56 

70*02 J 

92*50 2 



93*93 


This shows that mica is rapidly attacked l)y the method of rational analysis 
and part will be found in the soluble portion and part with the insoluble residue 
left after the treatment. 

It might be added that similar experiments with a samj)Ie of hornblende 
from Moravicza (Austria) and a sample, of nepheline from Vesuvius (Italy) 
gave: 

Ooarwe. Fine. 

Hornblende dissolved . . 1*79 per cent. 15*09 per cent. 

Nepheline dissolved . . 98*63 „ 99*62 „ 

3. Quartz . — The a('ids aj)pear to have no appre(*ial)le effect on the quartz,® 
but quartz is affected by the caustic soda treatment. Brongniart and Malaguti 
substituted a solution of caustic soda for Forchhammer’s sodium carbonate. 
The action of caustic soda on quartz has been studied in some detail. Micdiaelis,^ 
in opposition to earlier workers, maintained that quartz is not appreciably 
affected when digested on a water bath with a 10 or 15 per cent, solution of 
caustic soda. This observation also contradicts the later work of Lemberg and 
Rinne,® wdio have shown that finely divided quartz is readily dissolved by 
this treatment. We must therefore assume that Michaelis w^as dealing with 
comparatively coarse grains of quartz, which are fairly resistant. Lunge and 
Millberg have shown that the solubility of quartz depends upon the fineness of 
the particles, the concentration of the reagent and the time of heating - a 
15 per cent, solution of caustic potash dissolves from 1*0 to 1*5 per cent, of 
finely divided quartz in an hour’s digestion, and 1*8 to 2*0 per cent, after 

1 Another sample gave re.spectively 46-3 and 48-2 per cent. 

* Another sample gave 60’97 and 89'2 per cent, respectively. 

® See M. Wunder and A. Suleimann {Arm. Chini. anal,, 19 , 45, 1914) for the solubility 
of free silica in mineral acids. For the petrographic determination of free silica, see A. 
Kosiwal, Ye.rh, geol. Heichsanst. Wien, 143, 1898; L. Schaetzer, Ce.ramique, 29 , 301, 1926; 
A. Knopf, U.S. Public Health Rep., 48 , 183, 1933; H. L. Ross and F. W. Sehl, Ind. Eng. 
Chetn. Anal. Ed., 7 , 30, 1935; S. H. Shaw, innt. Min. Met. Bull., 385 , 19, 1936; 386 , 9, 1936; 
391 , 27, 1937. 

^ W. Michaelis, Ckem. Ztg., 19 , 1422, 2002, 2296, 1895; C. Rammelsberg, Pogg. Ann., 
I 12 , 182, 1861; J. N. Fuchs, ib., 31 , 577, 1834; G. Jenzsch, ib., 126, 497, 1865; T. Scheerer, 
Berg. Hiitt. Zitg., 14 , 107, 1858; O. Maschke, Zeit. deut. geol. Ges., 7 , 438, 1855; A. Miiller, 
Journ. jtrakt. Chem., (1), 98 , 14, 1866; R. Fresenius, Anleitung zur quantitativen chemischen 
Analyse, Braunschweig, i, 207, 1873; 2, 338, 1877; H. Rose, Handbtich der analyiischen 
Chemie, Leipzig, I, 751, 1851. 

* J. Lemberg, Zeit. deut. geol. Ges., 35 , 560, 1883; F. Rinne, Zentr. Min., 334, 1904; 
E. Kaiser, Verh. not. Fer. preuss. Rheinlaride, 54 , 93, 1897; Zeit. Kryst., 33 , 200, 1900; A. 
Sabeck, Chem. Ind., 25 , 90, 1902; B. Zschokke, Baumaterialienkunde, 7 , 165, 1902; Mitt, 
Eidg. MaterialpriiJ. Anstalt, Zurich, ii, 22, 1907; G. Lunge and M. Schochor-Tschemy, 
Zeit. angew. Chem., 7 , 485, 1894 ; 8 , 593, 689, 1895; G. Lunge and C. Millberg, ib., 10 , 393, 
425, 1897; P. Kreiling, G. Lunge’s Meih(*ds of Chemical Analysis, London, I, ii, 585, 1908; 
A. C. Rammelsberg, Pogg. Ann., 112 , 117, 1861 ; H. Rose, ib., 108 , 1, 1859; A. Steopoe, Bui. 
Chim. pura appl:, Bukarest, 32 , 37, 1930; 33 , 11, 1931; Chem. Zmlr,, (1), 710, 846, 1932; 
A. Btassens, Ume. Cong. Chim. Ind. {Bruxdks, 19S6), 155, 1936. 
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two hours* digestion, under conditions where a 15 per cent, solution of sodium 
carbonate dissolved only mere traces of the quartz. The attack is nearly 
ten times more vigorous when the quartz is in an extremely fine state of division. 
The experiments indicated above were repeated on a sample of clear rock 
crystal and on a sample of flint from Dieppe (France). The results were: 

Average diameter of grain . 0-165 mm. 0*032 mm. 

Rock crystal . . . 0*96 per cent. 6*40 per cent. 

Flint 2*52 „ 12*10 „ 

The ex])erimental evidence thus shows that quartz is aj)preciably attacked 
when the clay is digested with caustic soda in order to remove the so-called 
colloidal silica, or the silicic acids formed during the action of sulphuric acid. 
Naturally, if the caustic soda be sufficiently dilute and is only in contact with 
the quartz a short time, the action may be reduced to a negligible minimum^; 
but the minimum may be quite appreciable if the quartz in the clay be in a 



Fio. 161. — Residue obtained during the Rational Analysis of Shale. ( x 1750.) 

very fine state of subdivision. For this reason, Kreiling, and Lunge and 
Mill berg, returned to the use of sodium carbonate as recommended by Forch- 
hammer, in order that the quartz and felspar may be attacked as little as 
possible when the products of the action of the sulphuric acid are being removed. 

Fig. 161 is a microphotograph of the residue obtained during the rational 
analysis of a sample of shale, and the sharp angularity of the grains shows 
that the attack, during the removal of the “argillaceous matter,’* was not 
very marked with the larger grains. 


^ A. Sabeck (l.c.) recommends a 2 per cent, solution of caustic soda; E. Besdel {Sprech,, 
36 , 1463, 1903) a 6 to 7 per cent, solution. 
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§ 362. The Composition of the “ Argillaceous Matter.” 

The term Thonsuhstanz (clay substance) was applied by Henft ^ in 1867 to 
a hydrated ahiminosilicate whicli is supposed to occur in all clays and to which 
they owe their plasticity. Senft’s clay substance was what Brongniart and 
Malaguti called in 1840 la vmtahle argile; and other writers have expressed 
the same idea by the use of such terms as ‘'ideal clay,” '‘kaolinthon,” (page 
752). Aron and Seger applied the term to the finest fraction obtained in the 
elutriation of clays and also to the constituents decomposed by the action 
of concentrated sulphuric acid, thus implying that the clay substance in clays 
can be isolated or removed by both these processes. Kaolinite and clayite 
usually occur in an extremely fine state of subdivision and consequently 
accumulate in the finest fraction of the elutriation. But if, as is frequently 
the case, other finely divided constituents occur in the clay, they too will 
naturally collect in the fine fraction. These constituents may or may not 
behave like kaolinite when the clay is subjected to the acid-alkali treatment. 
Hence the use of the one term “clay substance” for totally distinct concepts 
must lead to confusion and misunderstanding. 

Not only are kaolinite and clayite attacked by the acid-alkali treatment, 
but the felspar, mica and quartz, as well as pyrites, zeolites, fluorspar, horn- 
blende, present in smaller proportions, are also attacked. It is therefore 
necessary to investigate the composition of the product of the reaction in 
question. The analyses of the argillaceous matter ^ in six dilTerent Cornish 
china clays on the market, dried at 110^^, gave the following data: 


Percentage Composition of the Argillaceous Matter of China Clays. 


! 

Maximum. 

Minimum. 

Mean of six. 

Ideal clay, 
AI 2 O 3 . 2SiOa . 
2 H 2 O. 

Silica (SiOj) 

46-37 

45-14 

45-6 

46-54 

Titanic oxide (TiOg) 

111 

0-08 

0-5 


Alumina (AI 2 O 3 ) . 

40-28 

38-19 

39-2 

39-60 

Ferric oxide (FcgOj) 

1-48 

0-52 

1-0 ! 


Magnesia (MgO) . 

1-28 

0-10 

0-2 


lime (CaCj) 

1-41 

0-25 

0-3 


Potash (KjO) 

1-36 

0-62 

1-0 


Soda (NajO) 

0-80 

0-11 

0-4 


Loss on ignition . 

1412 . 

1 

11-03 

12-5 

13-96 


These clays contained from 80 to 98 per cent, of “argillaceous matter.” 
As a result of similar experiments on German clays, Seger ^ drew the obvious 
conclusion : The main constituent of certain high-grade clays is dissolved by the 
sulphuric acid treatment^ audit corresponds in composition with 
Clearly it is not fair to apply this generalisation to all the different types of 
clays, since with other less pure clays very great discrepancies occur — see the 
table below for an example. 

^ F. Senft, Die Steinschutt und Erdboden, Berlin, 236, 1667. 

* We here use the term “argillaceous matter” for that heterogeneous mixture removed 
by the acid-alkali treatment. 

® B. Fresenius, Joum. prakt. Chem., ( 1 ), 57 , 66 , 1862; H, A. Seger, Notizblatt, Z2, 
246, 286, 1876; C. Looser, Kritische Beachtung einiger Untersuchungsmethoden der KaoUne und 
Th^, Halle a. S., 18, 1906; Tonind, Ztg., 32 , 1932, 1908. 
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Since the argillaceous matter includes the more important constituents of 
clay — rarely falling below 50 per cent, of the total constituents and sometimes 
ranging up to 99 per cent.— it is almost as important to get an idea of its 
mineralogical composition as it is of the clay itself. It is also better to use 
the general term “argillaceous matter” in preference to “clay substance,” 
because the latter leaves the impression that we connote a substance 
Al2O3.2SiO2.2H2O, represented by analyses resembling those in the above 
table. 

A Second Approximation to the Rational Analysu.~~\i the ultimate com- 
position of the clay and of the fraction which resists the sulphuric acid 
treatment be determined, it is possible to compute numbers for the argillaceous 
and felspathic matters which are more promising than those given by the 
method of page 754. The data for Altofts’ shale are given in the following 
table : 

Analyses of Altofts^ Shale, 



1 

Total. 

Jltimate analy 



Residue. 

sis. 

Argillaceous 

matter. 

Silica .... 

51-92 

38-77 

13-15 


Titanic oxide 

0-87 

0-04 

0-83 


Alumina .... 

20-08 

0-88 

19-20 


Ferric oxide 

6-40 

0-06 

6-34 1 


Magnesia .... 

1-68 I 

0-01 

1-57 


Lime ..... 

0-57 1 

0-01 

0-56 

10-81 

Potash .... 

2-72 I 

0-83 

1-89 


Soda ..... 

0-86 1 

0-41 

0-45 J 


Loss on ignition . 

14-61 

0-00 

14-61 


Totals 

99-61 

i 

41-01 

58-60 


The residue (column 3) is assumed to be composed exclusively of quartz and 
felspathic detritus. In typical potash felspar, KgO.AlgOj.CSiOg, one part of 
potash corresponds with 3*82 of silica; and in typical soda felspar, 
Na20.Al203.6Si02, one part of soda corresponds with 5’81 parts of silica. 
Hence, 

Silica in felspar = (0*83 x 3-82) + (0*41 x 5*81) = 5-55 per cent. 

The difference between this silica and the total silica in the residue represents 
the quartz. Hence, 38*77 - 5*55 = 33*22 per cent, of free quartz and the 
percentage of felspar will be given by the balance, i,e, 41*01 -33*22 = 7*79. 
For the reasons given on page 755, we know that the argillaceous matter is 
contaminated with carbon and siderite. Hence, we must subtract 4*4 per cent, 
of carbon and 6*4 per cent, of siderite. This leaves 58*60 - 4*4 - 6*4 = 47*8 per 
cent, of argillaceous matter. This gives : 

Carbon ...... 4*4 per cent. 

Ferrous carbonate . . . 6*4 „ 

Argillaceous matter .... 47*8 „ 

Felspathic detritus . . . . 7*8 „ 

Quartz 33*2 „ 

which should be compared with the result obtained experimentally on page 757. 
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Computation of the Amount of Mica in the Argillaceous Matter, — We have 
seen rational analyses of one clay from French and German laboratories 
reported in terms of clay substance, mica and quartz in the former case, and 
of clay substance, felspar and quartz in the latter. Some regularly assume 
that the argillaceous matter contains kaolinite or clayite and mica. Given the 
ultimate composition of the argillaceous matter, it is sometimes but not always 
possible to calculate the corresponding proportions of mica and kaolinite or 
clayite. An average mica is taken to be: 

Silica ........ 4:6-2 per cent. 

Alumina ........ 40-2 ,, 

Fluxes (Fe^O.,, MgO, CaO, K^O, NugO) . . 12-5 to 11-2 „ 

Water . . ..... 2-4 „ 

Here, 11-2 to 12-5 of fluxes represent 100 parts of mica, or 1 of fluxes represents 
about 8-4 parts of mica. Given, therefore, a clay whose ultimate composition 
is that represented in the second column of the table on page 763, and the 
ultimate composition of the residue left by the sulphuric acid treatment that 
represented in the third column, the mica can be calculated as follows: — 

The difference between the ultimate composition of the residue and of the 
whole clay obviously represents the composition of the argillaceous matter. 
This is shown* in the last column of the al>ove table. ^ The iron belonging to 
the ferrous carbonate is here included with the fluxes, which by hypothesis are 
associated with the argillaceous matter as mica. Now one part of ferrous 
carbonate corresponds with 0-69 part of ferric oxide, hence 6*4x0-69 = 4-4 
parts of ferric oxide must l)e deducted from the fluxes. This leaves (10-8 - 4*4) 
= 6-4 per cent, of fluxes. Multiply the total amount of the fluxes, 6-4, in the 
argillaceous matter by 8-4, as indicated above. The result: 

Mica in argillaceous matter = 6*4 x 8-4 = 53-8 per cent. 

Subtract this number, 53-8, from 47-8, and we get an absurd result. This 
means that the fundamental assumption that the fluxes in the argillaceous 
matter are wholly derived, from mica is false. 

With some clays the results seem to be satisfactory, and the method was 
used extensively by Vogt ^ and by Lavezard in their studies on the clays of 
France. We have considered it better to give a failure rather than to select a 
clay with which the process is more or less satisfactory. There must always 
be a considerable amount of uncertainty owing to our ignorance of the particular 
type of mica in the given clay. A clay containing much mica may appear 
not unlike kaolinite in composition when the alkalies are computed to mica. 
One feature in the calculation is that it reveals how investigators, dissatisfied 
with Seger’s method of rational analysis, are groping for further light on this 
subject. Virtually we have tried rationally to analyse the results of a rational 
analysis, and failed. 

Leopold's Process of Rational Analysis. — This leads us to Leopold’s method 
of conducting the rational analysis,^ which has been used in a modified form 

^ The microscopic examination of a clay will generally show the presence or absence of 
mica — usually the former. 

* G. Vogt, Bull. 80c. d'Encour. VJnd. nat., (5), 2 , 63f3, 1897; Cimtribulion d r£tude dee 
Argilee et de la Oeramique, Paris, 193, 1906; E. Lavezard, ib., 113, 1906; E. Berdel, 8prech., 
36 , 1483, 1903; O. Kallauner and J. Matejka, ib., 47 , 423, 1914. For a comparison of 
Kallauner's and Seger’s methods, see W. F. Fisher, Journ. Amer, Cer. ^Soc., ii, 842, 1928; 
K. Langenbeck, The Chemielry of Pottery, Easton, Pa., 9, 1895. 

* A. Leopold, Magyar Chem. Folyoirait, it, 117, 1905; H. Bollenbach, Vhem. Ind., 31 , 
445, 1908; Sprech., 41, 340, 361, W 8 ; E, Greiner, ib., 42 , 399, 413, 1909; W. Cronquist, 
OesUr. Zeit. Berg. HiiU., 47 , 522, 1809; B. von Horv4th, Zeit. anal. Chem., 55 , 513, 1916. 
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by others. After digesting the clay with sulphuric acid and water in the usual 
way, instead of treating the residue with alkali, Leopold dilutes the contents 
of the basin with water; cools; adds ammonia until the solution reacts 
alkaline; filters; washes with hot water; dissolves the precipitate off the 
filter-paper in hydrochloric acid, washes the residue, and makes the filtrate 
and washings up to 250 c.c. with water. The alumina, iron oxide and lime 
are determined in aliquot ]>ortions of this solution. Multiply the amounts of 
alumina by 2-532 to get the kaolinite; the iron oxide can be calculated to FcgOg, 
or to nontronite, Fe2O3.3SiO2.5H2O; the lime may be computed as if it were 
gypsum, if the ultimate analysis shows this mineral is present in appreciable 
quantities; the alkalies in the filtrate from the alumina precipitate are 
calculated to muscovite; and the alkalies in the residue on the filter-paper, 
after the removal of the ammonia precipitate, are calculated to felspar. 

These methods are highly artificial, and the results are affected by an 
uncomfortable number of assumptions. The pseudonym “rational analysis” 
has misled many to })elieve that the results are as trustworthy as, or even 
more trustworthy than, those given by a regular ultimate analysis. Sometimes, 
in fact, the rational analysis appears to i)e highly irrational. The truth is 
that in some cases the rational analysis is accurate, valuable and useful; in 
others, it is inaccurate, misleading and false. 

§ 363. Free, Combined and Colloidal Silica. 

If the clay under investigation contains colloidal silica, most of this will 
pass into solution when the clay is digested with acid, and all will dissolve 
when the argillaceous matter is determined. Colloidal silica, if not separatfdy 
determined, will then be reported with the argillaceous matter.^ Some 
consider that a small quantity of colloidal silica has an important influence 
on the working properties of the clay. This question, however, is not, at 
present, under discussion. 

The Determinalion of Colloidal Silica , — The colloidal silica in a clay can 
be determined by digesting 2 pins, of the sample with KK) c.c. of a 5 per cent, 
solution of sodium carbonate in a platinum dish on a water bath for about an 
hour. Decant off the clear liquid through a filter-paper 2 and repeat the 
treatment with fresh solution. Filter off the residue and w^ash with a hot 
dilute solution of sodium carbonate. Add an excess of hydrochloric acid to 
the filtrate; evaporate to dryness and separate the silica as described on page 
147. Or, the residue can be washed, dried and weighed — the “loss” represents 
the matter removed by the sodium carbonate treatment,^ and will include 

1 W. H. Ziramer, Tran^, Afner. Cer. Soc., 3 , 2o, 1901; F. G, Pence, *7>., 12 , 43, 1910. 
A. Hambloch {Chem. 7Ag,^ 36 , lO.'iS, 1912) uses a 5 per cent, sodium hydroxide solution and 
points out that other substances besides silica may be dissolved. E. Manzella {Ann, Chim, 
appl,^ I, 222, 1914) considers treatment with sodium hydroxide solution useless for discrimin- 
ating between the various forms of amorphous and crystalline silica, since successive extrac- 
tions with the lye result in the continued dissolution of the silica. J. M. van Bemmelen 
{Zeit, anorg, Chem., 22 , 313, 1900; Landw, Vcrg. Stat,, 37 , 279, 1890) recommends a solution 
of potassium hydroxide of specific gravity 105 acting for 5 minutes at 50®. B. von Horvath 
{Bied, Zentr,, 47 , 97, 1918) digests 5 grms. of the sample with KX) c.c. of one per cent, sodium 
carbonate for 15 minutes at 100" C. 

* Care must be taken in filtration, since small particles of clay may pass through ordinary 
filter-papers. 

» R. Fresenius, Journ, prakt, Chem,, ( 1 ), 57 , 66 , 1852; Anleitung zur quanUtativm 
chemischm Analyse, Braunschweig; Eng. trans., London, 2 , 269, 1900; C. F. Rammelsberg, 
Pogg, Ann,, 112 , 177, 1861; W. F. Hillebrand, Bull, 17,S, Oeol, Sur., 176 , 109, 1900; P. H. 
Hatch, Tschennak*s Mill,, 7» 308, 1886; A. J. J. Browne and J. B. Harrison, Quart, Journ. 
Oeol, Soc,, 48 , 170, 1892; F. G. Pence, Trans, Amer, Cer, Soc,, 12 , 43 , 1910. 
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much of the colloidal alumina, if present, which will consequently be reported 
with the colloidal silica. 

The Results. — It is advisable to run a blank experiment and to keep the 
stock solution of sodium carbonate in a ceresine bottle, because, as previously 
indicated, a solution of sodium carbonate removes silica from glass and porcelain 
vessels. To illustrate the results obtained by this process the following 
determinations are cited (all but the first number have been corrected by sub« 
tracting the ‘^correction factor” 0*02): 


Blank experiment (or correction factor) 

Per cent, dissolved. 
0*02 

Silicic acid (precipitated and dried at 110°) . 

. lOO-OO 

Silicic acid (ignited 20 minutes on blast) 

75-62 

Quartz (rock crystal) — coarse (page 761) ^ . 

0*11 

Quartz (rock crystal) — fine (page 761) ^ 

1-23 

Quartz sand (ignited 20 minutes on blast) ^ . 

1*78 

Altofts’ shale ...... 

1*48 

Glenboig clay ...... 

2*08 

Halloysite (Vigoux, Indre). 

10-58 


If no allowance is made, there is therefore a small error due to the action of the 
sodium carbonate solution on quartz. We are not sure if the sodium carbonate 
removes all the colloidal silica. The error is much greater if the sodium 
carbonate solution be mixed with sodium hydroxide, as in Lunge’s solution. 

Other Methods. — Sjollema ^ claims that far more accurate results are 
obtained by boiling the sample with a 33 per cent, aqueous solution of 
diethylamine. Apart from the cost of the reagent, and the fact that the 
solution bumps badly when boiling, rather poor results have been obtained in 
our experience with this process. Hermann® recommends boiling the clay 
with a 0-1 per cent, solution of potassium paratungstate. When 10 c.c. of 
the solution are afterwards treated with 1 c.c. of an aqueous solution of sodium 
acetate * and 3 drops of a 5 per cent, solution of caesium chloride, a crystalline 
precipitate is obtained if colloidal silica be present. The process has not 
proved satisfactory when it is applied quantitatively. In the absence of 
phosphoric acid, the molybdate process (page 686) can sometimes be used for 
determining the amount of silica in the extract from the clay.® 

Free and Combined Silica. — Some analysts apply the term combined silica 
to the silica present in that portion of a clay which is decomposed by the 
sulphuric acid treatment; and the term free silica to the silica present in that 
portion of the clay which is not decomposed by the sulphuric acid treatment. 
The idea seems to be that the clay is composed of kaolinite and sand or quartz ; 
that kaolinite alone is broken down by the sulphuric acid treatment ; and that 


' According to R. Schwarz {Zeit. anorg. Chem., 76, 422, 1912), when grains 0 04 mm. in 
diameter are boiled for half an hour with a 6 per cent, solution of sodium carbonate, 2*11 per 
cent, of quartz dissolves; and 2-77 per cent, of tridymite. For the solubility of silica in 
1 per cent, sodium hydrocarbonate solution, see E. J. King, Nature^ Z40, 320, 1037, 

* B. BjoUema, Journ. Landw. Ckem., 50, 371, 1902. 

* H. Hermann, Zeit. ami. Chem., 46, 318, 1^7. 

* Dissolve 16 grms. of crystalline sodium acetate in 36 grms. of water and 6 c.c. of glacial 
acetic acid. 

* For recent work on the colorimetric determination of silica, see E. J. King and 0. C. 
Lucas, Joum. Amer. Chem^ Soc., 50, 2396, 1928; R. J. Robinson and H. J. Spoor, Ind, Fng. 
Chem, Anal. Rd., 8, 466, 1936; F. De Eds and C. W. Eddy, Joum. Biol. Chem., ZZ4, 667, 
1936; A. R. Tourky and D. H. Bangham, Nature, Z38, 687, 1936; I. P. Alimarin and V. S. 
Zverev, Mikrochem.,2Z, 89, 1937. 



THE RATIONAL ANALYSIS OE CLAYS. 


767 

i,.ie insoluble matter is sand or free silica.^ All three assumptions are 
erroneous. insoluble residue includes various silicates- 

felspar, mica, hoi'nblende, and in these silicates, the silica, SiOg, is just as 
much ‘‘combined” that combined in the kaolinite. Hence, the objections 
urged against the system of rational analysis might also be advanced here; 
and Kies rightly argues that the custom of reporting the “silica” as “free 
silica” and “combiner «ilica” should be dropped, because the terms are 
misleading.*^ 

§ 364. The CompositJpn of Felspathic and Quartz Detritus. 

We next investigate the c'^mposition of the residue left after the clay 
substance has been removed. Following Seger, it is generally assumed that 
the residue is unweathered felspar or felspathic minerals and quartz. This 
assumption, in many cases, has no experimental foundation. For instance, 
felspar is seldom, if ever, found in the^china clay from Cornwall or Devonshire, 
and yet half the residue in these clay 3 would be reported as felspar by the 
method of rational analysis. Hussak, alpo, found no felspar in the majority 
of the kaolins he examined.^ In spite of iJiis, it is by no means uncommon to 
find ball and china clays re])orted with p cent, of felspar when none is 
present. 

The felspathic residue will include all those minerals which resi , wholly 
or in part, the sulphuric acid treatment. Agaii.^ practically all ^ iliceous 
minerals are decomposed by hydrofluoric acid, bul\ as induatc ■ 753, 

a few less important minerals will escape that acid, knd, in com hese 

will be included with “quartz debris, \ x 

Again, the mixed oxides of aluminium and iroK are suj^ 
alumina, and, on that assumption, their weight is muliiplied by — the 

amount of potash felspar corresponding with one part of al'Umitia. Usually, a 
part of the potavsh in the ideal potash felspar is replaced by.^soda, and a part 
of the aluminium by iron. Both these factors make the abe^e ratio deviate 
from 5*459. Seger used 5*41. Bollenbach ^ determines th^^ ferric oxide 
separately and subtracts it from the “ammonia precipitate” befoY« basing any 
calculations on the <5xide8. Others® have multiplied t^e amount 

of the fluxes by 9, or by 8*5, and called the fe’^mathic detritus “mica.” We 
have seen on page 760 that a part of the mica in ,^he clay may appear with the 
argillaceous matter and part with the felspathib^ detritus. In consequence, 
there is some uncertainty as to the nature of the nfi^nerals which make up the 
residue from the sulphuric acid treatment. \ 

It is seldom possible to make a quantitative estimaie from the microscoj^ic 


1 See T. E. Thorpe, Quantitative Chemical Analysis,, London, 184, 

* H. Kies, Clays — their Occurrence^ Properties, and Uses, New YorJ^v 68 , 1906. W. R. 
Line and P. W. Aradine (Ind, Eng, Chem, Anal, Ed,, 9 , 60, 1937) report^hat fluoboric acid 
decomposes silicates but has little or no effect on quartz. E. ChauvenoL P. Avrard and 
J. Boidenger {IX Cong, uiter. Quim, pura apL, 6 , 222, 1936) heat the powcfc^ed mineral in 
a current of carbon tetrachloride at 900°~930°, when all substances, except\ree silica, are 
changed to volatile or water-soluble chlorides. These observations suggest iftp possibility 
of the direct determination of quartz in clays. 

® E. Hussak, Sprech., 22 , 8 , 1889. 

* H. Bollenbach, Sprech., 41 , 340, 351, 1908. 

* A. E. Tucker {The Great Western Railway Co, v. The CarpeUa United China Ctdy Co. 
Ltd., 175, 1908) and R. R. Tatlock {The North British Railway Co. v. Turners Ltd., 74, 1?04) 
consider calculating the alkalies to felspar to be the “fairest and best” way. Obviously, if 
we are satisfied with guessing, either way may be taken. JSee also W. C. Hancock, Jour\, 
80 c, Chem, Ind., 29 , 309, 1910. 
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examination of the clay, because: (1) The minerals are often c<)vered with 
more or less opaque weathered crust which prevents an a]),j*>jiciitiou of the 
optical tests; and (2) The mineral grains are often too sma'^i to permit satis- 
factory optical tcvsts.^ Hence, the method of rational an‘alyHis has received 
but little, if any, aid from the microscope. 

§ 365. The Ultimate and Rational -Analyses. 

i 

Some have been so strongly impressed with the ^nfficulties involved in con- 
ducting a satisfactory rational analysis that they ha.Ve abandoned the operation,*^ 
and calculated the supposed mineral compositio^i [)y a process similar to that 
which follows. 

It is required to calmilale the proportion of \]) kaoUnite or clapite, (2) felspar 
and (3) quartz on the assumption that the clay contains potash and soda felspars, 
quartz aiid clayite or kaohnite. Several (jiifferent ways are ])ossible; not all 
are concordant.^ Take Altofts' shale ir^ illustration. The ultimate analysis 
of the sample of Altofts’ shale, dried a\ 110”, previously cited, gave : 

,Si()j TiOj AI^O, Ki-jOj /'msO (laO K,() Na^O 

51-92 0-87 20-08 6-4(.y' 1-58 0-57 2-72 0-86 14-61 

The loss on ignition included 4-42 per cent, of carbon, and 2-44 per cent, of 

carbon d^’ jxide. 

fprmulaB for PMash (KgO.AlgOg.bSiOg) and soda (NagO-AlgOa. 
HTier Mei^^ follows thjit the per cent. KgO x 3-82 represents the per cent. 

Gained bv felspaV; and the per cent, of NagO x 5-81 re])resents the 
idiethylann* silica in soda felspar. Hence, the amount of silica in the two 
‘Solution 

Potash felspar . . . 3-82 x 2-72 ^ 10-39 per cent. 

Soda^.lspar . . . 5-81 x0-86= 5-00 „ 

Total silica in the felspars , . 15-39 „ 

Again, fron/ the formulae for the two felspars, the per cent, of potash 
multiplied by, 1*08 represents the amount of alumina in potash felspar; and the 
per cent, of r^oda multiplied by 1-64 gives the corresponding amount of alumi))a 
in the soda felspar. Hence, the alumina in the two felspars will be: 

Potash felspar ^ . . 1*08 x 2-72 = 2-94 per cent. 

Soda felspar . . . 1-64x0-86 = 1*41 ,, 

Total alumina in the felspars . 4-35 ,, 

The difference between the total alumina and the alumina in the felspars 
represents the alumina in the kaolinite; and the product of the alumina in the 
kaolinite with 1-18 represents the amount of silica combined as kaolinite. 
Hence — 

^ Thus, a most experienced mineralogist reported that he was unable to say for certain 
whether some of the finer grains in the above-mentioned shale were mica or quartz. For the 
difficulty with mica and kaolinite, see J. W. Gregory, The Great WeMtrn Railway Co. v. The 
Carpella United China Clay Co. Ltd., 324, 1908. 

* E. R. Buckley, Report on the Clays and the Clay Industries of Wisconsm, Madison, Wis., 
267, 1901. See also Heim, Sprech., 28, 619, 547, 1895; R. C. Purdy, Trans. Amer. Cer. 
80c., 14 , 301, 1912; G. S. Tilley and J. D. Sullivan, Journ. Amer. Cer. 80c., 7, 379, 1924; 
J. S. McDowell, ib., 9, 61, 1926; compare J. W. Mellor in Collected Papers, County Pottery 
Lab. Rtaffordshire, London, 109, 1914. 

^/Tor instance, if we make an assumption about the composition of the mica, felspar, 
clayite and quaitz presumably in the clay, the method of calculation devised by J. W. Mellor, 
Trans. Cer. 80c., 7, 117, 1908, can be used after deducting the proper allowance for siderite 
,and carbon. 
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Alumi in clay ..... 20*08 per cent. 

Aluniiin*^ * . * • 

“ kaolinite . . . 15*73 „ 

The ferric oxide ])ro«ents a difficulty. la it to be ignored ? Is it to be 
included with the “ it to be calculated aa nontronite— FegO^ . 

SSiOg.bHoO? Or ia it included with the clay substance? With higL 
grade china clays there is difficulty in answering the questions, because the 

amount of iron is negligibJy small — so far as the degree of accuracy of the 
calculation is concerned, is usually included either with the alumina or 
with the argillaceous matterX ^?®^®^ally the latter. As a matter of fact, in 
this particular sample most of^^ i^^*^ was removed by digestion with hydro- 
chloric acid (1 : 1), and it should \herefore be placed as a constituent by itself. 
The fact tliat the clay eifervescM with evolution of carbon dioxide when 
treated with an acid proved that constituents in the ultimate analysis 

were ])resent as (*arbonate. The coiWaratively low proportion of lime and 
magnesia and the high proportion of pointed to the presence of ferrous 

carl)onate. When the necessary calculation is made, we get: Per cent, of 
carbon dioxide x 1 -63 = 2*44 x 1 *63 = 3*98 pi?r cent of FeO ; or 3*98 + 2*44 = 6*42 
per cent, of ferrous carbonate. Hence, siiicti,^* cent, of ferrous oxide x 1*11 
3*98 X 1 *1 1 = 4*42 per cent, of ferric oxide, “ 4^*42 — 1 *98 per cent, of ferric 
oxide nunains unaccounted for. Again, \ 

Silica with kaolinite (1*18 x 15*73) . • 18*56 per cepr. 

Silica with felspars . . . . 15*39 

Silica with kaolinite and felspars . 33*95 J, 

Total silica in clay .... cent. 

Silica with kaolinite and felspars . . >> 

Silica as quartz . . . . 17*5(7 ,, 

Add up the percentage amounts of titanic oxide, mt*5^6sia,^ lihie and 
alkalies, with the computed amounts of silica and alumina for the felspars; 
and add up the loss on ignition less carbon (4*42) and car boli^^ dioxide (2*44), 
ferric oxide and the computed alumina and silica for the kaolinite argillaceous 
matter.^ Summarising these results: 


/ Silica 

18*56 j 

\ 

Argillaceous matter' Alumina and iron oxide 

17*71 

. 44*02 

(Water 

7*75) 


j Silica 

15*39 1 


Felspatliic matter Alumina . 

4*35 ■ 

. 26*34 

\ Bases 

0*60] 


Quartz (silica). ..... 

. 

. 17*97 

Ferrous carbonate ..... 


6*42 

Carbonaceous matter .... 


4*42 


^ \V\‘ have seen, page 755, that most of the iron in this particular shale was probably 
present as ferrous carbonate. 

* If calcium and magnesium carbonates were present, they would be iH^moved by the 
hydrochloric acid treatment. 

* The loss on ignition may be used as a check on the work, since the produ^tit of the loss 
on ignition with 7*16 represents the corresponding amount of elayite or kaolh^itc. This 
product is usually rather less than the actual amount of elayite, particularly if thV carbon- 
aceous matter and carbon dioxide be first deducted. There is a small error due .to gain 
in weight by the oxidation of ferrous oxide. Some consider that the water in the elayite, 
AlaO 9 . 2 SiO 2 . 2 H 2 O, is to some extent replaced by alkali oxide. C. F. Binns {Trans. Amer. 
Cer, Soc., 8 , 198, 1906) assumes that a little of the alkali is adsorbed by the argillaceous 
matter. 


49 



770 A TREATISE ON CHEMICAL ANALYSIS, 

A comparison of this with the rational analysis, as indicated in t/^^e table beio » , 
is not satisfactory. The discrepancy partly arises from the assumption 

that the alkalies in the ultimate analysis all belong to felsT^athic matter and 


Comparison of the Rational Composition of tofts" Shale 
Estimated ^ by Different Methodj^^ 


i ■ 


CarbonaceouH matter 
Ferrous carbonate . 
Argillaceous matter 
Felspathic detritus 
Quartz debris 


Rational 

analysis. 


Comput^^ from 
ultimaR’ analysis 
of maJ^Yer soluble 
/insoluble in 
®^,4'phuric acid, 
etc. 


4- 4 
64 / 

48-6/ 

5 - 4 

3^*2 




/ 


4-4 

6-4 

47-8 

7*8 

33-2 


Computed 
from ultimate 
analysis of 
whole clay. 


4*4 

6'4 

44-0 

26-3 

18-0 


none to micaceous and argillaceous matters. The method here outlined 
generally gives good results y^rjth high-grade clays, but with the low-grade 
clays, as w'i^h the rational t^^nalysis proper, the results are hopeless. Conse- 
quently, our attitude towards the method of calculation just indicated, and 
to the proce ^ of ratioi^l analysis, is largely determined by the particular 
type of clay uiider congjideration and the ]>urpose for which the estimation is 
made. With the higy-grade clays, the margin of error is small; with low- 
grade clays (and possibly wnth Cornish stone), we can say with Bischof the 
jirocess is ‘'w’orthle^^'s” (wertlos), and with Prossel, “useless” (unhrauchbar). 

We must hero confess our inability to prescribe a process of chemical 
analysis of general applicability which will enable us to deduce the exact 
mineralogical Composition of clays. Blind faith in the routine process is sure 
to err. A certain amount of judgment must be exercised in adapting a process 
of analysis to particular clays and to particular methods of manufacture. 
We must decide what minerals are technically important, and a process must 
be devised to deal with them, not necessarily to furnish the highest degree 
of accuracy, but rather to r.erve as a guide for the best treatment of the clay 
tog/ the desired results. One example will suffice. 

schokke^s Method of Rational Analysis . — Zschokke ® found the following 
cc.abined mechanical and chemical process best suited his requirements: 

(1) Boil 50 grm:;. of the dry clay for half an hour in a porcelain dish with 
water and restore the water lost by evaporation from time to time. After 
standing 24 hourV^, wash the clay on a sieve 8570 Continental mesh (say, 240 
British mesh) until the washings flow through clear. Break up any lumps by 


^ Note the distinction between to tstimate and to deiermine in analytical work. The 
former means “to judge or form an opinion from imperfect data”; the latter, “to ascertain 
by definite measurement.” Sometimes it is difficult to decide where to draw the line — e.g, 
soda, page 235, § 110; and sometimes an estimation is more accurate than a determination. 
However, the distinction has been emphasised in the Courts. 

* 9- Bischof, Die feuerfesten Tone, Leipzig, 103, 1904; B. P. Tenax (B. Prdssel), Die 
Steif^ut und PorzeJlanfctbrikeUion, Leipzig, 8, 1879. 

f B. Zschokke, Baumaierialienkunde, 7, 165, 1902; Mitt* Eidg. MeUeriaipruf. Anstalt, 
^i^urioh, XX, 22, 1907. 



THE RATIONAL ANALYSIS OF CLAYS. 77I 

rubbing on the sieve or between the fingers or, if necessary, on a glass plate 
with a rubber pestle. The residue on the sieve consists of coarse-grained 
quartz, felspar, calcium and magnesium carbonates, (gypsum, pyrites). Et} 
at 110° and weigh. 

(2) The residue on the sieve is treated with dilute hydrochloric acid (1 : 10) 
filtered and washed until the washings show no reaction for lime. Dry aiu 
weigh the residue. The weight of the residue gives the weight of the coarse 
grained quartz and felspar, (pyrites). 

(3) The washings from (1) are evaporated to dryness and weighed. The 
result is fine-grained quartz, felspar, calcium and magnesium carbonates, 
(gypsum, pyrites), and soluble salts, if any. 

(4) Treat the residue from (3) as described under (2) The weight of the 
acid-insoluble residue gives the weight of the fine-grain f i quartz and felspar, 
(pyrites). 


The results are exj)ressod in percentages: 


I. Non-plastic constituents . 

. 38*6 

A. Coarse-grained constituents 

- 13-9 

(a) Quartz, felspar . 

. 7-8 

(h) CaCOg and MgCOg . 

. 6-1 

H. Fine-grained constituents . 

. 24-7 

(a) Quartz, felspar 

. 11-3 

\h) CaCOg and MgCOg . 

. 13-4 

IJ. Clay substance (by difference) . 

. 61-4 


The clays treated by this method were required for bricks fired at too low a 
temperature for the felspar and quartz to p>ay a particularly important part 
during the firing. Information about the Size of grain of the non-plastic 
constituents and the amount of the calcium and magnesium carbonates present 
in the clay was particularly desired. Hence a justification of Zschokke’gH 
procedure, 

§ 366. Are the Ultimate and Rational Analyses Consistent ? 

\ 

The ultimate and rational analyses of the high-gra'Je clays, that is, clays 
containing a large proportion of kaolinite or clayite, usually agree very well. 
With these clays the proportion of felspar and quartz detritus is small. Con- 
sequently, the errors arising from secondary reactions in the removal ot‘ 
substance are relatively small. For instance, if a clay has per ce^ 
argillaceous matter, 4 per cent, of felspar and 26 per cent, of quartz, ev^^^ 
20 per cent, of the felspar breaks down by the sulphuric acid treatment/, 
would only have the effect of diminishing the proportion of felspar 0*8 per cent 
and of raising the clay substance accordingly. If two clays contain the same 
minerals and if the sulphuric acid attacks both in the same way, the ultimate 
and rational analyses must necessarily agree. Disagreement can only occur 
when the clays contain different minerals or the same minerals in different 
proportions or in different states of subdivision. Cases have been recorded 
which apparently contradict this observation. For example 


^ A is a raw china clay from North Carolina — H. Kies, N(yrth Carolina Geol. Sur.^ 13, 62, 
1897; B is a slip clay from Ldthian, Saxony — H. A. Seger, Tonind. Ztg,, 16, 1031, 1892; 
and C is a clay from Shropshire — J. T. Norman, Report on Some Shropshire Clays^ London. 
,1903. , 
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Ultimate Analyses. 


SiOa 

A 1,03 

^>208 

MgO 

C^aO 

KgO, NaisO 

Loss on 
ignition. 

62*40 

26*51 

1*14 

0-01 

0-57 

0-98 

8*80 

62*52 

25*57 

0*92 

0-10 

0-65 

1*04 

9*27 

59*30 

27*17 

1*44 

nil. 

0-48 

0*52 

9*67 


A 

B 

C 


Kational Analyses. 


Clay substance. Felspar. 

* 6(v33 18-91 

. 72*05 0-10 

. 43*74 36*84 


Quartz. 

15-61 

27-76 

19-42 


In A the proportion of alkalies to felspar is 1 : 19. We do not know any 
felspar with alk* ,ies and felspar in these proportions by weight. In albite 
the ratio is about 1 : 8 and in orthoclase, 1 : 6. There is obviously something 
wrong. The ease is much w-orse with the (’ clay, for it is at once obvious that 
0*52 per cent, of alkalies is quite incompatible with 36*8 per cent, of fels})ar. 
See also page 770. Such inconsistencies are not at all uncommon,^ although 
we have not met such bad examples in our own practice. We are thus driven 
to conclude that the method gives incompatible results, or the analyses are 
at fault. We naturally inquire: Was the clay substance all decomposed by 
the sulphuric acid treatment in the rational analysis of clays A and C? Was 
some of the felspar decomposed by the sulphuric acid in the rational anah’sis 
of clay B ? 

Summary, — Here, then, it is uiferred that the method for conducting the 
rational analysis gives results incompatible with the ultimate analysis; the 
ultimate analysis can be cond acted with a great degree of precision; hence the 
process of rational analysis cannot be recommended as a general method for 
comparing the properties cvf the different types of clay, although, as indicated 
above, the rational analysis is useful (1) for comparing the properties of high- 
grade clays which do not differ very materially in the nature of their constituent 
minerals; and (2) it is '.'sometimes a help in forming a rough idea of what minerals 
are present in clays.^ In the former case, how ever, the ‘‘ rational composition 
^-an be computed accurately enough from the ultimate analysis. 


. W. Mclloi, Vot, Oaz., 35 , 1060, 1908; H. Ries, Trans. Amer. hist. Min, Kng.y 28 , 
S98. 

Or rather t he fractional separation of con.stituents soluble in certain menstrua. 
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Table LXVIIL— Solvents for Precipitates in Munroe’s Crucible. 


O. I). Swett, Joum. Amer. Chem. Soc., 31 , 928, 1909. 
(Salts are applied in aqueous solution unless otherwise .s])ecifie(l , ) 


1. 

Water. 

22. 

Sodium thiosulphate. 

2. 

Alcohol. 

23. 

Ammonium sulphate. 

;b 

Carbon diRulpbido. 

24. 

Ammonium nitrate. 

4 . 

Sulphui’io acid with nitric acid or 

2.'>. 

Sodium hydrogen phosphate. 


nitrates. 

2t». 

Ammonium oxalate. 

5 . 

iSiilpburic atud, concent rated or fuming. 

27. 

Ammonium acetate, alkaline. 


wdtb aniinoniurn chloride. 

28. 

Ammonium tartrate, alkaline. 

6. 

Nitric a(‘i(l. 

29. 

Potassium carbonate. 

7. 

Carbon dioxide in aqueous solution. 

30. 

Sodium carbonate. 

8. 

Acetic acid. 

31. 

Potassium chlorate. 

9. 

Oxalic acid. 

32. 

Ammonium carbonate. 

10. 

Hydrochloric acid with ammonium 

33. 

Potassium chloride. 


chloride or oxalic acid. 

34. 

Potassium iodide. 

11. 

Hydrofluoric acid. 

35. 

Sodium chloride. 

12. 

Potassium hy<lroxide. 

36. 

Ammonium chloride. 

13. 

Sodium hy<lroxid(‘. 

37. 

Ammonium Ouoride, dry. 

14. 

Ammonium hydroxide. 

38. 

Calcium chloride. 

15. 

Potassium sulphide. 

39. 

Magnesium chloride. 

16. 

Potassium sulphide, yellow. 

40. 

Potassium cyanide. 

17. 

Sodium sulphide. 

41. 

Ferrous sulphate. 

18. 

Sodium sulplfide, yellow. 

42. 

Silver nitrate. 

19. 

Amm<»nium sulphide. 

43. 

Lead acetate. 

20. 

Anunoniuin sulphide, yellow. 

44. 

Mereurie nitrate. 

21. 

Potassium bisulphite. 

45. 

Ferric acetate. 


Solvents for P red pitaiefi in ComHiion for Wdtjhing, 

(Numbers indioatc c.)rivs}K)iidiugly numbered solvents in the precedin^^ list. Hyphens indieate 
successive treatments ; commas indicate alternative treatments. Abbreviations : A = but, 
c = concentrated, d — dilute. ) 


Precipitates. 

Solvents 

Precipitates. 

Solvents, 

Aluminium oxide 

l2ch.M0, IScb-MO 

Barium chromate . 

6, 10 

Ammonium arseno- 

14. 

Barium silicottuoride 

36 

molybdate. 


Barium sulphate 

4h, 6h 

Ammonium chloride 

Ih. 

Bismuth 

6d 

Ammonium magnes- 

6, 10. 

Bismuth carbonate 

6, 10 

ium arsenate. 
Ammonium phos- 

Ih, 12, 13,25, 26, 29, 

(basic). 

Bismuth chromate 

6 

phomolybdate. 

30, 36 

(basic). 


Ammonium chloro- 

lb 

Bismuth nitrate 

6 

platiuate. 

Antimony 

eM-10 

(basic). 

Bismuth oxide 

10 

Antimony pentasuL 

14b 

Bismuth oxychloride 

10c 

phide. 


Bismuth sulphide . 

j 6ch-l-3 

Antimony tetroxide 

lOch 

Cadmium carbonate 

6d, 14 

Antimony trisuL 

10c, 12d, 15, 19 

Cadmium oxide 

4, 6, 6, 10, 14 

4dh, 6, 10 

phide. 


Cadmium sulphide . 

Arsen ious sulphide . 

12, 13, 16. 17,21, 29, 

Calcium carbonate . 

6d, lOd 

30 

Calcium carbonate, 

lb, 6d, lOd 

Barium carbonate . 

7, 24, 36 

ignited. 


Barium carbonate. 

lb, 6d 

Calcium fluoride 

4 . 1 , 10c 

ignited. 


Calcium oxalate 

6, 22 
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Precipitates. 

Solvents. 

Precipitates. 

Solvents. 

Calcium sulphate . 

23dh 

Mercuric oxide 

0, 10 

Chromium oxide 

6ch d31dry f-42 or 

Mercuric sulphide . 

15 12 


43. 3Ulrv h+1, 

Mercurous chloride . 

Orh-l 


42drv h 1-6 

Mercurous chromate 

6ch 

Cobalt 

0 

Mercurou.s phosphate 

0 

Cobalt hydroxide . 

23, 24, 30 

Motastannic acid 

10, 13 

Cobaltous sulphate . 

Ih 

Nickel . 

6c 

Cobalt OILS sulphide . 

4o, 5, 8c, 10c 

Nickel oxide . 

10 

Cupric hvdroxiile . 

6, 10. 14 

Nick(?lous hydroxide 

loa, 14, 23, 24, 36 

Cupric sulphide 

6h, 40 

Nickolous subsul- 

6 

(Xiprous oxide 

4 

phide. 


(Cuprous sulphide 

6 

Ni<-k(*lous sulphate . 

Ih 

Cuprous thiocvan- 

4 

Nickelous sulphide . 

() 

ate. 


Palladium iodide 

14 

Gold 

4c 

Platinum sulphide . 

!•>. IS 

Gold sulphides 

16, 40 

Potas.sium (‘hloride . 

Ih 

Iron acetate (basic) . 

10 

Potassium cobaliic 

Ih 

Iron arsenate . 

6, 10 

nitrite. 


Iron formate (basic) 

10 

Potassium fluoborute 

I, 2<i 

Iron hydroxide 

(ill, lOd. 

Potassium chloro- 

Ih, 12h 

Iron oxide 

lOo 

platinate. 


Iron phosphate 

10, 45 

Potassium sulphate 

Ih 

Iron succinate (basic) 

4, 5, 6, 10 

Silica 

11, 12h, 13h, 29h, 

Iron sulphide . 

4, 10 


; 30h, 37 -ignition 

Lead arsenate 

6 

Silver 

i 6d 

l.«oad carbonate 

t)d 

Silver chloride 

1 14h 

Lead chloride . . ! 

Ih 

Silver cyanide . 

; 14,40 

I.»ead chromate . | 

6, 12 

Silver iodide . 

j 34c, 22, 40, 44ch 

Lead oxalate . . j 

6d 

Silver phosphate 

6, 14 

' Lead oxide . . j Od 

Sih'cr sulphide 

' 6ch-l-3 i 

Lead phosphate 

6 

Sodium carbonate . 

IK 

Lead sulphate . i 

24, 27, 28, lOph, «ch. 

Sodium chlf>rid{‘ 

Ih 

1 

22, 12h, 13h, 14h 

Sodium eldoroplatin- 

Ih, 2 

I^ad sulphide . * 

Oc, 10c 

ate. j 


Magnesium oxide . 

4a. tkl, lOd 

Sodium sulphate . i 

111 

Mastnesium phos- i 

6, 10 

Stannic acid . . 

10-1 

phate. 


Stannic oxidti . ; 

36dry-ignition, 10-1 

Magnesium pyro- 

6, 10 

Stannic phos[)hatc . ; 

J2 

arsenate. | 


Stannic sulphide ! 

lOeh, 12, 15, 17 

Magnesium pyro- ! 

0, 8, 10, 6ch, lOch 

(hydrous). ! 


phosphate. 


Stannous sulpliide ; 

10c 

Magnesium sulphate 

Ih 

(hydrous). 


Manganese dioxide . 

6h f 9 

Strontium carbonate 

7, 24, 30 

Manganese sosqui- , 

4 f 9, 4 4 41 

Strontium sulphate | 

33c, 35c, 38c, 39c 

oxide. 


Uranyl pyroarsenate 

6 

Manganese sulphide 

4d, 6d, lOd 

Uranyl pyrophos- 

4, 6, 10 

Manganous pyro- ; 

4ch, 5h, 6ch, lOch 

phate. 


phosphate. 1 


Zinc oxide 

lOdh 

Manganous sulphate | 

1 

Zinc sulphide . • 

4, 6, 10 



INDEX 


(The superscript figures refer to footuotes.) 


A(:eti(5 acid. Determination. 

solution, 328®. 

Adsorption, 61 \ 86, 413, 691. 

Alcohol, Puriheation, 234®. 

— ' — , Recovery, 234®. 

wash liquor, 226^ 

Alkalies, .scf! ^^>ta8s^um and Sodium. 

, Determination, 214. 

, in borates, 6o5, 656. 

^ _ — — borf)sili(;ates, 664. 

— , Separation a.s chloride.s. Rerzelius’ 
process, 219. 

^ — ^ Smith’s process, 214. 

Alumina, (3alcim*d, .Vnalysis of, 491. 

, Determination, 157, 164. 

— ^ Calculation of results, 198. 

— , Correction for silica, 167. 

, Effect of barium on, 168. 

, boiling and standing on, 

159. 

^ — . — duorides on, 169. 

— , sulphate.s on, 161. 

^ . on, 379. 

, Hydrated, Analysis of, 491. 

Aluminium, Determination by Hes.s and 
Campbell's process, 487. 

, Separation from cobalt, 521. 

^ iron, l94. 

, — inangancse, 521. 

nickel, 521. 

^ titanium, 195. 

^ — zine, 521. 

Aluminium hydroxide. Solubility in am- 
monia, 158. 

Ammonia for alumina determinations, 158- 

, Theory of precipitation by, 162. 

Ammonium acetate solution, 343*, 679*. 

bisulphite. Reduction of iron by, 174. 

solution, 174®, 488’. 

hydroxide. Solubility of alumina in, 158. 

magnesium phosphate, Properties, 205. 

inolvbdate solution, 341, 665*, 673', 

685'. 

^ Standard, 343®, 45D. 

monosulphide solution, 364®. 

nitrate solution, 688*. 

phosphomolybdate. Properties, 666. 

sodium phosphate solution, 397®. 

sulphate solution, 543*. 

Analyses, Errors, see Errors. 

, Mechanicalised, 246. 

of clays, Rational and ultimate, 762, 

768, 771. 


Analyse.s of silicates, Abbreviated schemes, 
2311. 

^ Complete scheme, 238. 

— — , Permitted errors, 242. 

, Rapid, 240. 

, Reporting of, 247. 

Analytical chemistry. Calculations, 43. 
Antimony, arsenii; and tin separation, 276. 
Antimony, Determination as sulphide, 297. 

, , Effect of molybdenum on, 301. 

^ ^ Electrolytic', 310. 

— — ^ ^ Volumetric, Oyory's bromate 
I proc(‘.ss, 304, 308. 

^ ^ ^ Herroun and Weller's iodine 

prf)eess, 301. 

^ ^ Low's permanganate pro- 

( ess, 307. 

^ ^ ^ Mohr’s iodine process, 303. 

, Separation from arsenic, 279. 

, gold, 465. 

— -, platinum, 465. 

, tin, Tookey’s process, 299, 

310. 

, — tungsten, 445. 

Antimony compounds. Evaluation, 312. 

oxide. Evaluation, 312. 

sulphide. Properties, 296. 

Argillaceous matter, 752. 

, Composition, 762. 

^ Determination in clays, 755. 

Arsenic, antimony and tin separation, 276. 

; Arsenic, Determination as magnesium 
pyroarst'uate, 283. 

^ ^ Colorimetric, 295. 

, , Miscellaneous processes, 295. 

, , Volumetric, Gyory’s bromate 

process, 308. 

^ ^ ^ Mohr’s iodine process, 290. 

^ ^ ^ Pearce’s process, 293. 

, Separation from antimony, 279. 

^ gold, 465. 

, — molybdenum, 448. 

, platinum, 465. 

, tin, 279. 

^ tungsten, Kehrmann’s process, 

446. 

Arsenious oxide. Evaluation, 294. 

Asbestos for Gooch crucibles, 92. 

Balance, 3. 

, Effect of unequal arms, 14. 

, Sensibility of, 9. 

, Use of, 3. 
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Barium. Determination, 579, 581. 

, Effect on alumina determination, 168. 

^ calcium determination, 577. 

^ maf^nesium determination, 

577. 

, Separation from calcium. Chromate 

process, 580. 

^ ^ Stromeyer and Rose's 

process, 578. 

, — strontium. Chromate process, 

580. 

Barium carbonate, 528**. 

, Native and precipitated, 720. 

.separations, 522. 

chloride .solution, 703**. 

chromate. Properties, 532. 

salts for removal of sulphates in clays, 

719. 

sulphate, Ad.sorption by, 691. 

■ ^ Loss on ignition, 699. 

Properties, 690. 

, Pui'ifieation of, 693, 694. 

^ Reduction of, 699, 

Barytes, Analysis, 597. 

Basic acetate separation, 383. 

^ Theory of, 381. 

Bath, Liquids for vapour, 133®, 646^ 

, Meyer's vapour, 647. 

, Toluene, 134. 

Bauxite, Analysis, 490, 

Benzidine, 459®. 

hydrochloride solution, 713®. 

Beryllium, Dete<;tion, 492. , 

, Determination, Kolthoff and SandoH’s j 

process, 495, j 

, , Parsons and Barnes' process, 493. I 

, Separation from yttrium, 571. * 

, zirconium, 571. 

Berzelius’ solution, 727*. 

Bismuth, Determination, (-oloriraetrie, 362. 

, , Electrolytic, 364. 

, , Jannasch’s hydroxide proce.ss, 

362. 

^ ^ Lowe's ba.sic nitrate process, 360. 

, Separation from cadmium, 360, 362. 

^ coppfjr, 360, 362. 

^ lead, 360. 

solution, Standard, 363®. 

Bismuth oxide, Use in permanganate titra- 
tions, 172. 

Bomb calorimeter, 709. 

, Parr’s, 707. 

Bone ash. Evaluation, 680. 

Bone china bodies. Analysis of, 687. 

Boracite, Evaluation, 654. 

Borax, Evaluation, 653. 

Boric acid. Evaluation, 651. 

, Loss of boric oxide on ignition, 

650. 

oxide. Detection, 648. 

Determination, 650. 

^ ^ Distillation process, 659. 

, , Glaze and Finn’s process, 

659. 

— — ^ ^ Jacobi’s process, 655. 
— , , Payne’s process, 658. 


Boric oxide, Determination, Schaak's process, 
655. 

^ ^ Sullivan and Tajdor's pro- 
cess, 656. 

^ ^ Wherry's process, 656. 

^ Loss during evaporations, 651, 

^ Removal in silicate analyses, 664. 

Borocalcite, Evaluation, 654. 
Boronatrocalcite, Evaluation, 654. 

Bottle, Weighing, 5, 647. 

Bromate-bromidc solution, Standard, 213®. 
Brushes, Button, 338. 

, Duvst, 58®. 

Bulbs, Absorption, Berl’s, 619. 

-, — , Errors in weighing, 621. 

, , Landsiedl's, 619. 

Burette, Calibration of, 32. 

flouts, 25. 

Burner, Argand, 95. 

j , Bunsen. 95. 

j — — , Meker, 95. 

I , Spirit, 702. 

i Cadmii'm, Determination as sulphate, 374. 

! ^ ^ P!}lect roly tic, 377. 

^ ^ Volumetric, Berg’s process, 376. 

Cadmium acetate solution, 711. 

sulphide, 374. 

Calcium, Determination, 202. 

j — — , Effect of barium on, 577. 

^ ^ — magnesium on, 201. 

, , Imlireet, 240. 

^ ^ Volumetric, Kraut's juoeess, 205. 

, Separation from barium. Chromate 

process, 580. 

^ strontium, Strom(‘yer and 

Rose’s process, 578. 

Calcium borate, Evaluation, 054. 

(carbonate. Determination, 58, 5H8. 

for alkali determinations, 215®, 

chloride solution, 727®. 

fluoride, Analysis, 742. 

oxalate, Projx^rties, 200. 

phosphate solution, Standard, 679. 

sulphate. Analysis, 595. 

Carbon, Detection, 615. 

, Determination, 615. 

^ ^ Dry combustion process, 631. 

, , Wet combustion process, 616. 

Carbon dioxide. Detection, 623. 

, Determination in carbonates, 624, 

625, 627, 628. 

^ — (days, 625. 

^ white lead, 329. 

^ ^ V’olumetric, Lunge and 

Marchlewski’s process, 628. 

^ ^ ^ Scheibler and Diet- 
rich’s process. 627. 

Carbonate titration, Back, 58. 

, Direct, 57. 

, Mixed hydroxide and, 60. 

Carbonates, Determination of carbon dioxide 
in, 624, 625, 627, 628. 

Carborundum, Analysis, 633. 

Ceioeiits, Analysis, 586. 

Ceric sulphate solution, Standard, 184. 
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Cerium, Determination, Volumetric, Perman- 
ganate procesH, 574. 

, Separation from ‘‘didymium,” 568. 

^ lanthanum, 568. 

, — — thorium, 567. 

^ yttrium, 566. 

, - — zirconium, 566, 

Chili saltpetre. Analysis, 605. 

China clay, 752. 

Chloride, Determination as silver chloride, 
746. 

, in (days, 748. 

, , Turbidimetric, 748. 

, — — , Volumetric^, Mohr’s procf‘ss, 68. 

^ ^ ^ V'olhard’s proctess, 67. 

C/hlorides, Volatilisation of, 260. 

(’hlorine. Determination. 584. 

(/hromic oxides, Analysis, 527. 
tJhromites, Analysis, 527. 

Chromium, Detection, 510. 

, Determination as barium chromate, 

5:i2. 

^ as sesquioxide, 5.‘14. 

, , Colorimetric, 526. 

, , Volumetric, 5H0, 5,‘ll, 537. 

, Ktfcct on permanganate' titration, 

510. 


, vanadium determination, 537. 

, Separation, 524. 

, , Knorre's pro(*ess, 525. 

^ from cobalt, 521. 

. — ^ manganese, 521. 

, - nickel, 521. 

^ vanadium, 540. 

' , - zinc, 521. 

(day beds, Evaluating, 122. 

(day. Determination in limestones, 501. 
(dayite, 752. 

(days, 752, 762. 

— — ^ Det(*rniination of carbon dioxide in, 
625. 

^ chlorides in, 748. 

^ soluble salts in, 716. 

^ sulphates in, 718. 

, Estimation of felspar in, 757. 

^ iiiica in, 764. 

^ quartz in, 757. 

, Opening for analysis, 144. 

, Rational analysis, 752, 754, 763, 768, 

771. 


”, Leopold's process, 764. 
~, Zschokke’s process, 771. 


, Removal of sulphates from, 719. 

, intimate analysis of, 768, 771. 

Cleaning glassware, 29*. 

Coals, Determination of sulphur in, 704, 707. 
C’obalt, Detection, 411. 

, Determination, Colorimetric, 427. 

^ ^ Dirvell's phosphate process, 425. 

^ ^ Electrolytic, 423. 

_ — ^ ^ Volumetric, 430. 

, Separation from aluminium, 521. 

^ chromium, 521. 

^ iron, 521. 

^ nickel, Brunch's ^methyl* 

gly oxime process, 421. 


Cobalt, Separation from nickel, Fischer’s 
nitrite process, 416. 

^ ^ llinsky and Knorre’s 

a-nitroso-jS-naphthol process, 420. 

, titanium, 521. 

^ uranium, 521. 

, vanadium, 521. 

(Jobalt oxide, Evaluation, 429. 

sulphate solution, Standard, 428. 

sulphide, Prop<*rties, 413. 

(’olorirneter, Duboseq’s, 73. 

, Weller’s, 74. 

Colorimetry, 72. 

, Errors in, 76. 

Colours, Analysis, 263. 

, Opening of, 264. 

j (Jolumbiiim, Detection, 439. 

I , Determination, Marignac’s process, 455. 

I ^ ^ Schocller’s process, 456. 

: , , Simpson’s process, 455. 

, Sey)aration from tantalum, 458. 

^ titanium, 457, 565. 

Conversion factors, 342. 

Cooling box, 60®. 

Copper, Determination, a- Benzoin oxime 
process, 374. 

^ ^ Odorimetric, Ferroevanide pro- 
cess, 329, 372. 

.... ^ ^ Electrolytic, 255. 

^ ^ Rivot’s thio(\vanatc process, 365. 

, , V’oliimotric, De Haen s iodine 

process, 367. 

, Separation from cadmium, 365. 

Cop|X*r carbonate. Evaluation, 370. 

oxide, Evaluation, 370. 

sulphate solution. Standard, 373®. 

Correction for suspended solids, 62. 
Oueibles, Cooch, 91, 716. 

, M unroe, 93. 

, Platinum, 97. 

, Rose, 418. 

, Sintered glass, 93, 716. 

, i'oi vents for use in Munroe, 773. 

(Vyolite, Analysis, 492. 

IJupcllation, 337, 468, 474. 

Cupids, 336. 

“ Cupferron ” reagent, 504. 


De.sh:(’ating agents, 100. 

Desiccators, 99. 

Dichlorofluorescein indicator, 71®. 
Didymium,” Separation from cerium, 568. 

^ lanthanum, 568. 

, thorium, 567. 

Dimethylgly oxime solution, 422®. 
Diphenylamine sulphate indicator, 502. 

j Oxidised, 539. 

Dolomite, Analysis, 586. 

Drainage errors, 30. 

Elbcteifxcation during weighing, 4, 622^. 
Electro-analysis, 250. 

, Apparatus for, 253. 

, Essential factors in, 251. 

, Rotating electrodes for, 347. 

Enamels, Analysis, 263. 
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Enamels, Opening of, 264. 

Errors, Accidental, 243, 244. 

, Analytical, 245, 

, Constant, 243. 

, Drainage, 30. 

in colorimetry, 76. 

volumetric analysis, 55. 

weighing absorption bulbs, 62 1 . 

, Meniscus, 25. 

, Parallax, 25. 

, Permitted, 242. 

, Personal, 246. 

Eachka’s mixture, 706. 

Extraction apparatus, 356. 

Factors, Con version, 342. 

Felspar, Attack by aoid-alkali treatment, 
^ 758. 

Felspathic detritus in clays, Coinposition,767. 

^ Estimation, 757. 

Ferric alum indicator, 66®. 

chloride indicator, 316®. 

oxide solution, Standard, 187*. 

salts. Reduction to ferrous, 169. 

Ferrous ammonium sulphate solution, 530. 

oxide, Determination, 511. 

, , Disturbing factors, 514. 

Filter-paper ash. Weight of, 79. 

Effect on (*hromium determina- 
tion, 531. 

, iron determination, 166*. 

j sulphur determination, 

699. 

Filter-papers, 78. 

, Tared, 88. 

Filtration, 78. 

, Accelerated, 88. 

, Theory of, 85. 

through discs, 90. 

tubes, 89, 90. 

Fla.sks, Calibration of, 29. 

, Titration, 59*. 

Fluorides, Detection, 721. 

Fluorine, Determination, 584. 

^ as calcium fluoride, 725. 

^ lead chlorofluoride, Htarek’s 

process, 729. 

, potassium fluosilicate, Carnot’s 

process, 731. 

, silicon fluoride, Oettel and 

Hempel’s process, 739. 

, , Colorimetric, De Boer’s process, 

738. 

, , , Steiger’s process, 735. 

, , Volumetric, 730, 741. 

, , , Offermann’s process, 735. 

Fluorspar, Analysis, 742, 744*. 

Fluxes, 140, 141, 142, 264, 527, 650*. 

Fume chambers, 101. 

Funnels, Filtration, 80, 91. 

, Hirsch’s, 91. 

, Hot, 333. 

Fusion mixture, 143. 

Galena, Analysis, 338. 

Gault clays. Analysis, 583. 


Glass, Effect of reagents on, 126, 385*, 393*, 
7(K). 

Glasses, Analysis, 263. 

, Opf'ning of, 264. 

Glazes, Analysis, 263. 

, Opening of, 264. 

Glycerol solution, 652*. 

Gold, Detection, 459. 

, Dc^termination, ,(k)lori metric, 466. 

, , Cupellation process, 336, 468, 

474. 

, Precipitation, 461. 

, by hydrazine hydrochloride, 465. 

^ oxalic acid, 464. 

^ sulphurous acid, 463. 

, ^Separation from antimony, 465. 

^ arsenic, 465. 

tin, 465. 

Gold colours, Analysis, 467. 

sulphide, Properties, 461. 

Gooeh and Eddy's solution, 226. 

Graphite, Analysis, 639. 

Grinding, 103. 

, Danger of fine, 106, 515. 

Guard tubes, 53, 54, 171. 

Gypsum, Analysis, 595. 

Hafniom, Determination, Indirt'ct, 555. 

, 8eparation from titanium, 196^*. 

Hornblende, Attack by acid-alkali treat- 
ment, 759. 

Hot-plates, 96. 

Hydrochloric acid solution. Standard, 38. 
Hydrochloroplatinic acid, 234. 

Hydrofluoric acid, 149’. 

, Effect on permanganate titra- 
tion, 516. 

Hydrogen ion concentration, 45. 

Hydrogen peroxide, 191*. 

sulphide. Precipitation by, 275. 

^ ^ Theory of, 271. 

Hydrolysis, 162. 
ilydroxyquinoline reagent, 496. 

Inuk ators, 36, 48. 

— , Ad.sorption, 71. 

, (’orroction for, 292, 344, 392, 5(t2. 

, Spot -test, 344. 

Inquartation, 470. 

Iodine, 285, 288. 

, Determination as cuprous iodide, 751. 

, silver iodide, 750. 

— — residues. Recovery of, 289®, 369®. 

solution, Standard, 61’, 287, 376*. 

Iridium, Detection, 460. 

— — ^ Determination, 478. 

Iron, Determination, 169. 

, , Baudisch’s “cupferron” process, 

504. 

, , Colorimetric, by thiocyanate, 

185. 

^ ^ ^ — thioglyoollic add, 188. 

, Effect of chromates, 519. 

— u-., — titanium, 171, 

, — uranium, 519. 

^ — 1.^ vanadium, 518. 
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Iron, Determination, llinsky and Knorre’s 
a-nitroso-d-naphthol process, 503. 

^ ^ Volumetric, Kneeht’s titanous 

chloride process, 182. 

^ ^ ^ Lan^^e's ceric sulphate 

process, 184. 

^ ^ ^ Mar<^uerite’s permangan- 
ate process, 180. 

^ ^ J'enny's dichromate pro- 
cess. 501. 

^ ^ ^ Reinhardt’s permanganate 

pro<‘Css, 490, 

, Separation by etiier process, 505. 

^ from aluminium, 194. 

^ cobalt, 521 . 

^ manganese, 521. 

, - nickel, 521. 

, titanium, 194. 

, zinc, 52! . 

Iron ores, Analysis, 509. 

oxides. Analysis, 509. 

Jo r lib's solution, (>H2‘, 

Kaoj.in, 752. 

Kaolinite, 752. 

liAIIORATORy llOOiis. lOl. 

Lanthanum, Separation from eeriuni, 508. 

— — '‘didynuum" 568. 

^ thorium, 567. 

Lavvning, 108, 

Lead, Determination as molybdate, 341. 

, — — sulphate, 326. 

— ^ __ _ , Colorimetric, 350. 

, — , Klect roly tic, 345, 347. 

, , Volumetric, Molybdate process, 

343. 

, Separation from bismuth, 326. 

— , - cadmium, 326. 

copper, 32(). 

Lead acetate solution, 450^. 

chromates, Analysis, 333. 

frits, vSolubility test, 340. 

sulphate, Rrojwrties, 323. 

Lime, Dtderminatiori of free, in quicklime 
ami mortars, Friihling's process, 593.^ 

and Sclienck's process, 592, 

ler's process, 592. 

Limestones, Analysis, 583, 586. 

, , Minera logical, 590. 

, Determination of oxidisable matter in, 

712. 

^ sulphur in, 704. 

Litharge, Analysis, 331. 

Lithium, Determination, Gooch’s process, 
602. 

, , Kahlenberg’s process, 699. 

Litmus, 49. 

Litre, 23. 

Loss on ignition, 136. 

^ Determination of, 136. 

Imnge's solution, 691*, 766*. 


Magnesia mixture, 284, 6752. 

Magnesite, Analysis, 586, 589. 

Magnesium, Determination, 209. 

, as oxyquinolinate, 213. 

^ pyrophosphate, 209. 

, , Effect of barium, 212, 577. 

^ ^ calcium, 212. 

^ ^ — ... _ . manganese, 212. 

^ ^ silica, 212. 

, , Indirect, 240. 

, , V'olumetric, 213. 

, Redmdion of iron by, 169. 

Magnesium ammonium phosphate. Pro- 
perties, 205. 

- — earbonate. Determination, 588. 

c;itrati‘ sf)lution, 6822. 

^ uranyl acetate solution, 237. 

Manganese, Detection, 394. 

, Determination, Bromine process, 394. 

^ .Colorimetric, Walter's process, 


406. 

^ 

Gibb’s pliosphato process, 397. 

- , , 

, Sulphide process, 395. 

— , 

Volumetric, Pattinson's process, 

399. 

, 

, , X'olhard's process, 401. 

^ 

, , Volhard-Fischcr process, 

404. 


, Effect on silicate analyses, 393. 

, St‘})aration from aluminium, 521. 

, chromium, 521. 

, — cobalt, 415. 

^ iron, 521. 

, nickel, 521. 

^ titanium, 521. 

, — uranium, 521. 

^ vanadium, 521. 

Manganese dioxide, Evaluation, 404. 

ores, Analysis, 409. 

.sulpliate solution. Standard, 4ti7. 

sulphide, Projx^rties, 396. 

Marls, Analysis, 586. 

— , Mineralogical, 590. 

Mercuric chloride solution, 500". 

Mercurous nitrate solution, 4422. 

test paper, 174®. 

Mercury, Determination, Electrolytic, 360. 
^ ^ Erdmann and Marchand’s dis- 
tillation process, 357. 

^ ^ Eschka - Holloway distillation 

process, 358. 

, , Volhard’s sulphide process, 355. 

, ^ Volumetric, 360. 

, Separation from bismuth, 354. 

^ cadmium, 354. 

^ copper, 354. 

, lead, 354. 

Metallic precipitation, 309. 

Methyl orange, 51. 

Mica, Attack by acid-alkali treatment, 759. 

, Estimation of, in clays, 764. 

Mineral separation by chemical treatment, 
763, 758. 

Mineralogical analysis of limestones, 590. 

: marls, 690. 

Moisture, Adsorption of, 6, 
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Moisture, Hygroscopic, 133. 

, , Determination, 134. 

Molybdenum, Detection, 438. 

, Determination as lead molybdate, 450. 

, as oxide, 448. 

^ sulphide, 448, 450. 

, , Volumetric, 451, 539. 

, Separation from arsenic, 448. 

fin, 448. 

, tunfrsten, Hommel's process, 

452. 

^ ^ Pechard’s process, 453. 

, Hose's process, 453. 

Molybdenum residues, Hecovery of, 074“. 

sulphide, Precipitation, 446. 

Mortar, Determination of free lime in, 592. 
Mortar, Abich's, 104, 

, Agate, 105. 

— ^ T*ower-driven, 105. 

, Steel, 104. 

X.APLEs yellow. Analysis, 335. 

Xephelirie, Attack by acid-alkali treatment, 
759. 

Nickel, Detection, 412. 

, Determination, Klectrolytic, 423. 

, A’olumetric, Cyanide proce.ss, 

431 , 4332 . 

, Separation from aluminium, 521. 

^ chromium, 521. 

^ — cobalt, Atack s a-benzil oxime 

process, 423. 

♦ , Brunck's, dimethylgly- 

oxime process, 421. 

^ — ^ Fischer's nitrite process, 

416. 

^ ^ Ilinsky and Knorre's 

a-njtroso-/)’-iiapbthol process, 421, 

, , Liebig's cyanide process, 

420. 

, iron, 521, 

, titanium, 521. 

^ — uranium, 521 . 

^ vanadium, 521. 

Nickel sulphide, Properties, 413. 

Niobium, jsee CoIunibi?im. 

Nitre, Analysis, 606. 

a-Nitroso-^-naphthoI solution, 421 ^ 503®. 
Normal solutions, 36. 

Organic matter, Determination, 585. 

, Effect on iron determination, 515. 

Ortho-tolidine rt^agent, 459®, 

Osmium, Detection, 461. 

, Determination, 476, 478. 

, Separation from ruthenium, 477. 

Oven, Drying, 135, 300. 

Oxidisable matter, Determination in lime- 
stones, 712, 

Palladium, Detection, 460. 

, Determination, 479. 

Paper pulp for filtration, 85, 160. 

Parting, 470. 

Pearl ash, Analysis, 607. 


Permanganate titration, Effect of chromates, 
519. 

~ — , hydrofiuoric acid, 516. 

^ manganese salts, 517. 

^ organic matter, 515. 

^ sulphides, 515. 

^ titanium, 517. 

^ uranium salts, 519. 

vanadium, 515, 518. 

Phenolphthalein, 5(b 

Phenyl hydrazine bisulphite solution, 488**’. 
f*hosphori(‘ acid, Effect on chromium de- 
termination, 535. 

Phosphorus, Detection, 665. 

— , Determination, 665. 

— — , as ammonium magntvsium phos- 

phate, 674. 

, ammonium phosphoniolybdate, 

67.’>. 

^ — ^ Eff(‘ct of ammon- 
ium nitrate, 6t>7. 

^ ^ ammonium 

salt.s. 670. 

^ ... „ arsenic ox- 
ide, 671. 

672. 

, — - iron salts, 

670. 

- - — , — nitric acid, 

mi 

^ ^ . (>igani(’ 

matter, 672. 

^ — ^ silica, 671. 

ture, 668. 

, — titanium, 

670. 

^ ^ — yanadium, 

670. 

, Colon metn<‘, Knight's process, 

682. 

^ ^ ^ Xamias-Denig^s’ process, 

684. 

^ ^ ^ ^rith silica, 686. 

— — , , Hapid processes, 676. 

, , Volumetric, Joulie’s process, 682. 

^ ^ ^ Neumann’s process, 678. 

, , , Pemberton's process, 677. 

^ ^ ^ ITraniura process, 678. 

, , Woy’s pro(‘esa, 672. 

. Separation from tungsten, Kebrmann’s 

process, 446. 

^ zirconium, 557. 

Pipcjtte, Calibration of, 31. 

, Emptying of, 32C 

, filter, Beale’s, 61®. 

, Rothe's, 507. 

Plaster of Paris, Analysis, 595. 

^ ^ Frey’s process, 595. 

Platinum, Attack by selonides, 483*. 

, Detection, 460. 

, Determination, 473. 

ftg chloroplatinate, 475. 

, , Oujsellation process, 474. 

, Precipitation, 461. 



INDEX 


781 


IMatimim, Separation from antimony, 405. 

— _ ^ arsenic, 465. 

— . tin, 465. 

Vlatinum crueiblcH, C’orreeted for dissolxc^d 
platinum, 168. 

felt for filtration, 93. 

metuls, Determination, 473, 476. 

Potassium, Alkalies. 

, Determination as chloroplatinate, 231, 

611. 

, , (^obaltinitrite process, 608. 

, Polonmetric, A)7, 608. 

, — , Perchlorate process, 224, 611. 

- - , - , Volumetric, 610. 

— , Separation from sodium. Indirect, 221. 
Potasshim al.uminium sulplmte solution, 187*. 

carbonate, Analysis, 607. 
cliloro])Iatinafe, Properties, 227. 

- solution. Standard, OO?'-^. 
chromate indicator, 68. 

- - solution. Standard, 526. 

< vainde fusions, 268. 

solution. Standard, 43P''. 
dichromate solution. Standard, 501. 
ferricyanide indicator, 501. 

— ferrocyaiiide solution, 372. 

, Standard, 390. 

fluoride solution, 733*. 
hydroxide solution, 619*, 7<18*. 

- iodide, 287. 

- molybdate solution, 287. 
nitrate. Analysis, 606. 

- perniangaiiate, Ibirettes for, 179. 

solution. Standard, 175. 

, , Preservation, 179. 

, Standardisation with iron, 

177. 


sodium oxalate, 179. 

Tfuuperature correction for, 

179. 

- pho.sphate solution, Stundaid, 683. 

- pyrosulphate fusions, 167. 

thiocyanate solution, 187*. 

Precipitates, ('olloidal, 84. 

, Gelatinous, 85. 

, , Filtration ot, 160. 

l*r<‘K8ure bottles and flasks, 276. 
Pulverisation, 103. 

Purple of Cassius, Analv sis, 467. 
Purpurin-zireoniuni rea^jciit, 725*. 

Pyrites, Determination of sulphur in, 704, 
' 707 , 708, 710. 


Qi'ARTZ, .Attack by aeid-alkalt treatment, 
760. 

, Determination in limestones, 59 J. 

detritus, Composition, 767. 

^ Estimation in clays, 757. 

Radiator, 96. 

Rare earths, 559. 

, Determination, 563, 564. 

Rational analysis of clays, 752, 754, 763, 
768, 771. 

^ Leopolds process, 764. 

^ Zschokke's process, 770. 


Reagents, 123. 

, Action on glass, 126. 

^ poreemin, 126. 

, Bottles for, 1 2^. 

, Impurities in, 123. 

Bed earths, Analysis, .>0<h 

lead, Analysis, 330. 

Reductor, 173. 

Reinhardt’s solution, 5(i0. 

Results, Statement of, 247. 
Rhodium, Detection, 460. 

, Determination, 480. 
Ruthenium, Deteidion, 461. 

— , Determination, 476, 47^. 

— , Separation from osmium, 477. 


Salti'LTRi:, Analysis, 606. 

Sampler, tor slip. 111. 

, Metzger's, 111. 

Split stieam, 115, 116. 

, Time, I J 7. 

Sampling, 110. 

- - by channelling, 1 14. 

— coning, 112. 

-quartering, 112. 

rifiie, 11.5. 

.split .shovel. 111. 

clay beds, 120. 

, Reducing bulk duiiim, 112, 117. 

^ — gram size during, 1 17. 

Screening, 108. 

Seemann’s solution, 727*. 

Selenium, Detection, 480. 

, Determination, Colorinict 1 is 486. 

, Sulphurous acid process, 483. 

, , V’olumetric, 486. 

, Separation from tellurium, 484. 

Selenium sulphide, I’ropertios, 480. 
Separations, Indirect, 223. 

Sieving, Jt)8. 

Silna, Colloidal, 7t>5. 

- , — , Determination, 591, 765, 766. 

, Combined and free, 765, 766. 

- , Dehydration of, 153. 

, Determination, 147. 

^ ^ Odori metric, with phosphorus, 

<) 86 . 


, , Kffc(‘t of alumina, 1,54. 

, ", — fluorides, 151. 

t — » lime, 154. 

, , — magnesia, 154. 

- , - , - salt, 154. 

» , zinc, 379. 

— - , , Errors of, 151. 

, , in borosilicates, 664. 

, , — carborundum, 635. 

, , — presence of fluorides, 731. 

^ ^ Theory of, 152. 

residues, 149, 270. ^ 

, Composition, 150. 

, Separation from tungsten, Ammonia 

process, 443. 

^ ^ Hydrofluoric acid pro- 
cess, 443. 


Hydrogen chloride pro- 


cess, 443. 
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Silica, Separation from tungsten, Potassium 
bisulpbate process, 443. 

Silicates, Opening of, 139. 

Siloxicoii, Analysis, 638. 

Silver, Determination as silver chloride, 748. 

^ silver iodide, 748. 

, , Colorimetric, Jelloy’sprocess,749. 

^ ^ ^ Whitby's process, 748. 

, , Ciipellation process, 336, 474. 

^ j Turbidimetric, 336. 

, , Volumfitric, Volhard's process, 66. 

Silver arsenate, 293. 

chloride, Properties, 745, 

, Purification, 747. 

nitrate solution, 293’, 746®. 

, Ammoniacal, 6D. 

, Standard, 66, 68, 336S 749. 

sulphate solution, 618®. 

Slide rule, 43. 

Soda ash. Evaluation, 57, 60. 

Sodium, fire Alkalies. 

, Determination as triple acetate, 235. 

, Separation from potassium, Indirect, 

221 . 

Sodium acetate solution, 682®. 

ammonium phosphate solution, 397®. 

carbonate. Evaluation, 57, 60. 

fusions, 144. 

chloroplatinate, Pi'operties, 227. 

hydroxide solution, 629*. 

^ Standard, 52. 

^ ^ free from carbonates, 

54. 

monosulphide solution, 276. 

nitrate. Analysis, 605. 

oxalate solution, Standard, 175. 

peroxide fusions, 264, 529. 

phosphate solution, 543*. 

silicate, Analysis, 64. 

silicofluoride. Analysis, 744. 

stannate. Evaluation, 322. 

thiosulphate solution, Standard, 289, 

369. 

— uranate. Evaluation, 550. 

Soluble salts. Determination in clays, 716. 

^ white lead, 330, 

Solutions, Equivalent, 128. 

, Normal, 36. 

, Specific gravity of, 42. 

— Standard, Adjustment of, 41. 

Solvents for use in Munroe crucible, 773. 
Squared paper, 43. 

Stannous chloride solution, 500®, 686®. 

Starch solution, 285. 

Stopcocks, Loosening fixed, 124*. 

Stoppers, Loosening fixed, 124*. 

Strontium, Determination, 579. 

, Separation from barium, Chromate 

process, 580. 

, calcium, Stromeyer and Rose’s 

process, 578. 

Sulphates, Determination in silicates, 701. 

, , Turbidimetric process, 718. 

, ^ Volumetric, Hinman’s process, 

715. 

^ ^ ^ Raschig’s process, 712. 


Sulphates, Removal from clays by barium 
salts, 719. 

Sulphides, Determination, Volumetric, 711. 

, Effect on ferrous iron determination, 

515. 

Sulphites, Determination in white lead, 330. 
Sulphur, Contamination with, on evapora- 
tion, 701*. 

^ j from flame gases, 701. 

, Determination, 584. 

^ as barium sulphate, 703. 

^ in coals, 704, 707. 

, limestones, 704. 

, pyrites, 704, 707, 708, 710. 

in glassware, 700. 

Sulphuric-phosphoric acid solution, 502*. 

Tannin indicator. Solution, 344*. 

Tantalum, Detection, 439. 

, Determination, 455. 

, , Marignac’s process, 455. 

^ ^ Schoeller's process, 4.56. 

, Simpson’s process, 455. 

, Separation from columbium, 458. 

, titanium, 457, 565. 

Tellurium, Determination, 485, 

, Separation from selenium. 484. 

Tellurium sulphide, Properties, 480. 
Temperature and volume, 21 . 

corrections for standard solutions, 40. 

Thorium, Determination as thiosulphate, 
562. 

, , Metzger’s process, 572. 

, Separation from cerium, 567. 

, ‘‘didymium,*’ 567. 

^ lanthanum, 567. 

, yttrium, 566. 

^ — zirconium, 566. 

Thorium minerals. Evaluation, 573. 

Tin, antimony and arsenic sejiaration, 276. 
Tin, Detection, 313. 

, Determination, Electrolytic, 320. 

, , Lowenthal’s hydroxide process. 

314. 

, , Miscellaneous processes, 321. 

, , J’reeipitation by zinc, 313. 

^ i-la sulphide, 315. 

, , Volumetric, Lenssen’s iodine pro- 
cess, 318. 

^ ^ Mene’s ferric chloride pro- 
cess, 316. 

, »Separation from antimony, 310. 

, arsenic, 279. 

, gold, 465. 

^ molybdenum, 448, 

, platinum, 465. 

, tungsten, Donath and Milli- 
ner’s process, 444. 

^ ^ Electrolytic process, 445. 

, , Rose and Rammelsberg’s ' 

process, 444. 

^ ^ Talbot’s process, 446. 

Tin ash. Evaluation, 322. 

oxide. Evaluation, 321. 

Titanium, Detection, 189, 519*. 

, Determination, 189. 
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Titanium, Determination, as iodate, 197. 

, , Blair’s process, 196. 

, Colorimetric, Weller’s process, 

189. 

, , , Effect of fluorides, 189. 

^ ^ ^ Effect of phosphates, 199. 

, ~~ — , Gooch’s process, 193. 

^ ^ Volumetric, 197. 

, Effect on iron determination, 171. 

, Separation from aluminium, 195. 

^ cobalt, 521. 

^ — columbium, 565. 

^ hafnium, 196®. 

^ iron, 194. 

^ — manganese, 521 . 

^ nickel, 521. 

^ — tantalum, 565. 

^ - zinc, 521. 

^ zirconium, 1 96®. 

Titanium dioxide solution, Standard, 191. 

sulphate solution, Standard, 736®. 

Titanous chloride solution, Standard, 182. 

sulphate solution, Standard, 183. 

Titration, Back, 58, 60. 

, Direct, 57. 

, Theory of acid-alkali, 46. 

Tongs, 96. 

Triangles. 96. 

Tubes, Boiling, 660®. 

, Filtration, 89, 90, 747. 

, Xessler's, 75. 

, Sealed, 551 . 

Tungsten, Detection, 439. 

— , Determination as trioxide, 441. 

^ ^ Berzelius’ process, 442. 

, Separation from arsenic, Kebrmann’s 

process, 446. 

, molybd<*num, Hommel's pro- 
cess, 452. 

^ ^ Pthdiard’s process, 453. 

^ ^ Hose’s process, 453, 

, — — — phosphorus, Kehrmann’s pro- 
cess, 446. 

, silica, 442. 

, tin, Donath and Mullner’s 

process, 444. 

^ ^ Electrolytic process, 445. 

^ ^ Rose and Kammels- 

berg’s process, 444. 

^ ^ Talbot’s process, 445. 

Turbidimeter, Parr’s, 719. 

Turbidimetry, 75. 

I’jtANJi'M, Determination as ferrocyanide, 
547. 

, oxide, 545. 

^ phosphate, 546. 

, , Volumetric, Permanganate pro- 
cess, 548. 

, Effect on permanganate titration, 519. 

, Separation, 544. 

, from cobalt, 521. 

^ manganese, 521. 

' - ■>, nickel, 521. 

— — , vanadium, 648. 

^ ssinc, 521 . 
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Uranium acetate solution, Standard, 679. 

nitrate solution, 391. 

^ Standard, 679. 

oxides, Evaluation, 5,50. 

residues, Recovery, 681, 

V^ALVBS for reduction, 170. 

Vanadium, Detection, 519. 

— r-. Determination, Colorimetric, 542. 

— — ^ ^ Effect of chromium, 537. 

^ ^ Volumetric, 536, 537, 539, 550. 

, , , Cain and Hostel tor’s pro- 
cess, 543. 

, Effect on determination of ferrous iron, 

515, 518. 

^ titanium, 519. 

Separation from chromium, 540. 

, cobalt, 521, 

, manganese, 521. 

, nickel, 521. 

, uranium, 548. 

__ — ^ 521. 

Varnish for paper, 1 25®. 

Volumetric analysis, 36. 

Wa.sh bottles, 83. 

Water, Determination, Brush and Pentield’s 
process, 641. 

^ ^ Danne’s process, 644. 

— , , Fractional dehydration, 645, 

^ hi white lead, 329. 

, , Jannasch’s process, 642. 

, , Lindner's process, 644. 

W ater glass. Analysis, 64. 

Weighing, Accuracy of, 10. 

bottles and tubes, 5, 89, 647. 

, Correction for buoyancy, 1 5. 

, Double, 8. 

, Electrification during, 4, 622^. 

hygroscopic substances, 5. 

pipettes, 6. 

, Rational, 44. 

, Use of tares, 8. 

Wedghts, Ac<!uracy of, 12, 

White lead. Analysis, 328. 

Whiting, Analysis, 58. 

Witherite, Analysis, 597. 


Yttritm, Separation from beryllium, 571, 

^ cerium, 566. 

, thorium, 566. 

, zirconium, 571. 


Zinc, 


Determination, as phosphate, 387. 

, Volumetric, Ferrocyanide pro- 

is, 388. 

Effect on alumina determination, 379. 
silica determination, 379. 


Reduction of iron by, 169. 
Separation from aluminium, 521 . 

chromium, 521. 

cobalt, 385. 

iron, 521. 

manganese, 385. 

nickel, 385. 

titanium, 521. 
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Zinc, Separation from uranium, 521. 

, vanadium, 521. 

Zinc oxide emulsion, 402*. 

, Evaluation, 302.* 

sulphide, 380, 385. 

Zirconium, Detection, 553. 

, Determination as arsenate, 557. 

^ phenylarsinate, 557. 

, phosphate, 554. 

— ^ selenite, 557. 


Zirconium, Determination by “ 
ron,” 556. 

Separation from beryllium, 571 
cerium, 566. 

- - — phosphorus, 557. 

thorium, 566. 

— titanium, 196-. 

— — yttrium, 571. 

Zirconium ores. Analysis, 558 
quinalizarin reaj?ent, 739®. 
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